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Yeaoicaemoie yuacmuuku u 20cmu MexcoyHapoOHoil KOHpepeHyuu
«Aoepnas u paduayuonnan Qusuxar!

Ot uMenu MuHHCTEPCTBA HMHAYCTPUH U HOBBIX TexHosoruit PecryGimnku
Kaszaxcran, Mex/yHapOJHOIO KOHCYJbTAaTUBHOro coBeTta M OpraHu3alOHHOIO
KOMHMTETa [pPUBETCTBYI0 Bac Ha TpaguuuoHHOM 8-oif  MexayHapoaHoH
KoH(pepeHMH «SlnepHass W panuanuoHHas ¢(usuka». KondepeHuus nocssiieHa
3HaMEHATeJIbHOMY COOBITHIO Hamed crpaHbl — 20-7eTHI0  HE3aBUCHMOCTH
Pecnybnuku Kazaxcran.

Benyume ydvensle u3 18 cTpaH IuiaHupylOT OOCYIUTH IUMPOKHI JMana3oH
aKTyaJIbHBIX BOMPOCOB B OOJIACTH aTOMHOW 3HEPreTHKH, sIEPHON U paauallHOHHOM
bu3uky, GU3MKKA TBEPAOro Tesa, paJualMOHHOW DKOJIOTMH, NPUMEHEHHs sepHO-
GU3MYeCKUX M paJUalMOHHBIX METOJOB B MEJIMLMHE W TPOMBILILIEHHOCTH,
HEpaclpoCTPaHeHHs SIEPHBIX M  paJdOaKTHBHBIX MarepuanoB. B pabore
KOH(pepeHIIMH OyayT paccCMOTpPEHBI BONMPOCHl OOpPa30BaTENBbHBIX TEXHOJIOIMH H
MOJIFOTOBKY CIELIMAIMCTOB ISl aTOMHOM oTpaciu Kaszaxcrana.

[TpaButenbcTBOM Pecny6nuku Kazaxcran yrBepxkaena [lporpamma passutus
aQTOMHOHM OTpaci, KOTOpas TO3BOJIMT CO3JlaTh OCHOBBI aTOMHOH OSHEPreTHKH,
pa3BUTh sJEPHBbIE M COMYTCTBYIOIIME TEXHOJIOTMHM, a TaKXe II03BOJIUT PELIMTh
KOMILJIEKC 3a1a4 1o sIepHO-(pHU3MIECKUM MeTOoJ1aM MCClleIOBaHUH,
MaTepHaJIOBEJUECKHM ¢ JKOJIOTHYECKMM mpobiieMam, o00ecrneuyeHuio pexuMa
HEpaclpOCTPaHEeHHsl, TPOTUBOJACHUCTBUS HE3aKOHHOMY O00OOpOTY  SIEpPHBIX U
paluOaKTUBHBIX MAaTepPHAJIOB.

Vuenble W crenuanuctel HammonanpHOro simepHoro ueHtpa Pecrmy®iuku
Kazaxcrtan HMEIOT AOJTOCPOYHBIE M KpEeNKUe CBA3M CO MHOIMMH Hay4YHbIMH
nentpamu 3ananHoit u Bocrounoit Espomnsl, CILA, Poccuu, fAnonuu, a takxe ¢
yUYeHBIMH W3 TIOPKO-SI3bIYHBIX, apabCKUX M MCIaMCKUX rocynapcTs. Heobxomumo
PUHSATH BO BHUMAHUE BCIO BAKHOCTh JJAaHHOH KOH(EPEHIMH JUlsl YCUIICHUS] HayYHBIX
KOHTAKTOB MEXIy CTpaHaMH W OTMETHTh 3HAYHMTEJbHOE pacliupeHHe reorpaduu
KOH(EepeHLUH.

BceM y4acTHHKaM JKellal0 IUIOZOTBOPHBIX ~HAy4YHBIX OOCYXKIEHHH U
MHTEPECHBIX BCTPeU BO BpeMsi paboThl KOH(EPEHIHH.

BULE-MUHUCTP HHAYCTPUH
HOBBIX TEXHOJIOI'MH PK b.M.JIZKAKCAJIUEB

e



Dear participants and guests of the International Conference
"Nuclear and Radiation Physics"!

On behalf of the Ministry of Industry and New Technologies of the Republic of
Kazakhstan, the International Advisory Board and the Organizing Committee I
welcome you to the traditional 8th International Conference "Nuclear and Radiation
Physics." The conference is devoted to significant event in our country - the 20th
anniversary of Independence of the Republic of Kazakhstan.

Leading scientists from 18 countries are expected to discuss a wide range of
topical issues in nuclear energy, nuclear and radiation physics of solids, radiation
ecology, the use of nuclear physics and radiation techniques in medicine and
industry, non-proliferation of nuclear and radioactive materials. The conference will
focus on educational technology and specialists training for the nuclear industry in
Kazakhstan.

The Government of the Republic of Kazakhstan has approved a program of the
nuclear industry development, which will allow to create the foundations of nuclear
energy, to develop nuclear and related technologies, and will help to solve complex
problems in nuclear-physical methods of research, materials science and
environmental issues, ensuring non-proliferation, combating illicit trafficking of
nuclear and radioactive materials.

Scientists and specialists of the National Nuclear Center of the Republic of
Kazakhstan have long-term and strong relations with many research centers in
Western and Eastern Europe, the USA, Russia, Japan, as well as with the scientists
from the Turkic-speaking, Arab and Islamic countries. It should be taken into account
the importance of this conference to strengthen the scientific contacts between the
countries and it should be noted a significant geographic expansion of the conference.

I wish all the participants to have fruitful scientific discussions and interesting
meetings during the conference.

VICE-MINISTER OF INDUSTRY
AND NEW TECHNOLOGIES RK / B.M.DZHAKSALIYEV



«AOponbIK dcone paouauuANbIK PU3IUKa» XaabIKAPAIbIK KOHMEPEH YUACHIHBIY
KypMemmi KamoiCyuslaapsl MeH KoHaxkmapot!

Cizmepni  Kazakcran  PecnyOnukaceiHblH — MHaycTpus — koHe  KaHa
TEXHOJIOTHSJIAD MHUHHUCTPJIIri, XalblKapaiblK KOHCYJIbTALMSIIBIK KEHeC JKOHe
¥#bIMIAcTBIPY KOMHUTETI aThblHaH «SIAPOJBIK JKOHE paaualusiblK (U3MKa» aTThl
moctypii 8-mi XanbiKapaiblK KOH()EPeHIMSCHIHBIH AallbLTybIMEH KYTTHIKTaiMBbIH.
Kondepenuus 6i3aiH enimizaeri aippikiia MoHAl okura — Kasakcran PecnyOiukacel
Toyenci3airiHiy 20-KbUIAbIFbIHA apHAJIFaH.

18 enmiH OKeTeKul FaJbIMAAphl aTOMABIK OJHEpPreTHKa, SJpOJbIK KOHE
panMauusiablK  (U3WKa, KaTThl JeHenep (U3MKACHL, pPaJUalMSIIBIK SKOJIOTHs
calaJiapblHAarel, MEJMIIMHA MEH ©HEepKacinTerl sApOJbIK-(U3UKAIBIK JKOHE
pajiMalusuIbIK  OMICTepiH  KOJNAAaHYIBIH,  SAPOJNBIK  JKOHE  PaJHaKTHBTIK
MarepuaiapiblH  TapaJMayblHBIH KeH ayKbIMIbl KOKEeHMKecTi MacelelepiH
Tankpuiayabl kocrapinayaa. Kondepenuus xymbicsiHaa Kazakcranaarbl aTtoM
cajacel YuIiH OULTIM TEXHOJOTWsUIapbl MEH MaMaHAap[bl Jasipiay Macenepi Je
KapacThIPbLIA/IbL.

Kazakcran  PecnyOnukachlHBIH ~ YKIMETI  aToM  cajachlH  JaMBITY
Bargapnamachid GEKiTTi, OJ1 aTOM SHEpreTHKAChIHBIH HETi31H KajlayFa, s/IpOJIbIK JXKoHe
»KaHaMa TEXHOJIOTHsUIap/bl AaMbITyFa MYMKIHIIK Oepe/i, COHBIMEH KaTap sIpOJIbIK-
(GU3NKATBIK, MaTepHalTaHy >KOHE OSKOJIOTMSUIBIK Mocesenepii KeleHal Typae
Hiemyre, SAPOJIBIK JKOHE pPaJuakTHBTI MaTepUaijiap/blH TapajMayblH, 3aHCHI3
aliHaJIBIMBIHA KApPChl OPEKETTIH PEXKUMIH KAMTaMachl3 eTyre MyMKiHJIiK Oepei.

Kasakcran PecryGiuKachiHbIH YATTHIK SIIPOJIBIK OPTAJIBIFBIHBIH FajlbIMaphl
MeH MamaHaapeinbiH bateic koHe Illeirbic Eypomansin, AKI-TeiH, Pecelizin,
JKanoHMsHBIH KONTereH FbUIBIMH OPTAJIBIKTapbIMEH, COHBbIMEH Oipre TypKi-Tijjiec,
apab JoHe HCllaM MeMJIEKeTTepiHiH FaJbIMIapbIMEH y3aK Mep3iMai jkoHe Oepik
Oaitnanbicta. Enjgep apachlHIarbl FBUIBIMHM OaliaHbICTap/ibl KYLIEHTyre apHaliFaH
ochl KOH(epeHLHUSHBIH OapiblK MaHBI3/IBUIBIFEl €CKepe OTBIPhIN, KOH(epeHI s
reorpausChIHBIH TyOereiii KeHeilyiH aTan oTy Kaxer.

KoHdepeHIUsHbIH KYMBICH Ke3iHae OapiblK KaThICYIIbUIAPFA KEMICTi
FBUIBIMH TAJIKbLIAYJIAp MEH KBI3BIKTBI Ke3JecyJep TiIeiMiH.

KP WH/IYCTPHSI )KOHE )KAHA
TEXHOJIOTHUSIJIAP BULIE-MUHUCTIPI B.M. )KAKCAJIUEB
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MYRRHA
AN INNOVATIVE AND UNI QUE RESEARCH FACILITY

Olivier Van der Borght

MYRRHA Project Stakeholders Manager
(on behalf of Prof. Dr. Hami d Ap
SCKACEN, Boeretang 200, 24
ovdborgh@sckcen.baaitabde@sckcen.lmr myrrha@sckcen.be

t Abderrahi m,
00 Mol , Bel gi

The MYRRHA project started in 1998 by SCKACEN ida col
Neuve), as an upgradf the ADONIS project. MYRRHA is designed as a mpltrpose irradiation facility in order to support
research programmes on fission and fusion reactor structural materials and nuclear fuel development. Applicationsof these
found in ADS systems andin present generation as well as in next generation critical reactors. The first objective of
MYRRHA however, will be to demonstrate on one hand the ADS concept at a reasonable power level and on the other har
the technological feasibility of transmtitan of Minor Actinides (MA) and Lond ived Fission Products (LLFP) arising from
the reprocessing of radioactive waste. MYRRHA will also help the development of thkoibtechnology needed for the
LFR (Lead Fast Reactor) Gen.lV concept.

Transmutatiorof MA can be completed in an efficient way in fast neutron spectrum facilities. Both critical reactors and
sub-critical Accelerator Driven Systems (ADS) are potential candidates as dedicated transmutation systems. However, critice
reactors, heavily loadedith fuel containing large amounts of MA, pose safety problems caused by unfavorable reactivity
coefficients and small delayed neutron fraction. A-stitical ADS operates in a flexible and safe manner even with a core
loading containing a high amount A leading to a high transmutation rate. Thus, the-aitiality is not a virtue but rather
a necessity for an efficient and economical burning of the MA. Besides the reduction of the HLW burden, the MYRRHA
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project will serve the purpose of developirtge tlead alloys technology as a reactor coolant that can be used one of the
Generation |V reactor concepts namely the Lead Fast Reactor (LFR).

Although carrying out the MYRRHA project will lead to the demonstration of the efficient and safe transmotation
MA in ADS systems as the ultimate goal the implementation of such a project will in addition trigger the development of
various innovative technologies and techniques that are of interest for various nuclear fission and fusion applicagons. The:
include :

1 The development of new martensitic steels resisting high level irradiation embrittlement in combination with heavy

liquid metals and high temperature induced corrosion.

1 The development of ultrasonic visualisation systems (sensorsafukéra) ablect operate under liquid metals at
high temperature and high dose rates
The development of the heavy liquid metal technology in terms of pumping, conditioning, filtering, monitoring;
The development of very reliable high power proton accelerators (apptdX\V16f beam power);
The development of advanced remote handling (robotics) systems able to operate in radioactive environment an
under heavy liquid metals;
The development and testing in real conditions of MA bearing advanced nuclear fuel
The developmentfdiigh power liquid metal spallation source;
The development of high intensity RIB (Radioactive lon Beams) facility for fundamental physics called
ISOL@MYRRHA;

=a =4 =4

E ]

Since March 2010, MYRRHA received the financial support from the Belgian government for 40% shaf t he 9
i nvest ment . -funding bad bebhlrecavrdtfar the first stage (200D4).

In this seminar the present status of the project and its main capabilities as an irradiation facility will be presented.

NEW TWO -BODY POTENTIAL AP PROACHS AND THEIR ASTROPHYSICAL APPLICATION

yarmukhamedov RArtemov S. Vand “Burtebaev N.

Ynstitute Nuclear Physics, Uzbekistan Academy of Sciences, 100214 Tashkent, Uzbekistan
?|nstitute Nuclear Physics, National Nuclear CenteKazakhstan, Aimaty, Kazakhstan

In the present review report, the modified thady potential approach (MTBPA) and thenfethod in which the
direct radiative capture astrophysical S factor for thei}Bexpressed in term of the asymptotic normalization coeffigA(a,
(ANC) f or A+ are pfeBented . It is demonstrated that the MTBPA applied to the analysis of the direct experimental
astrophysical S factorscan be used as a source of obtaingth the ANCGvalue and a tool of test of the reliability fahe
modified DWBA calculations widely used for determination of the Adlues of astrophysical interest.

The results of the analysis of thestrophysical S factors for the some nuclear concaasteophysical )13ieactions of
the ppchain and the CN@ycle, include for the 12C(p, reaction measured in the QKRImaty,Kazakhstan), are discussed .

SWELLING BEHAVIOR OF FERRITIC AND FERRITIC -MARTENSITIC ALLOYS FOLLOWING HIGH DOSE
IRRADIATION WITH EITHER NEUTRONS OR IONS

F. A. Garner,Radiation Effets Consulting, Richland WA, USA
V. N. Voyevodinkharkov Institute of Physics and Technology, Kharkov, Ukraine
A. PovstyankoResearch Institute of Atomic Reactors, Dimitrovgrad, Russian Federation
B. H. Senceridaho National Laboratory, Idaho Falls, IDSA
S. Maloy Los Alamos National Laboratory, Los Alamos, NM, USA

In order to achieve higher buup of fast reactor fuel it is necessary to contain the fuel in cladding that resists void
swelling more effectively than is achieved using austenitic stéléhe current firsgeneration candidate alloys for more
swellingresistant alloys are commercial ferritic and ferfitiartensitic steels, with secowg@neration alloys being
developmental dispersidmardened variants of these steels produced by meethatizying. Thirdgeneration alloys will be
based on nandispersiorhardened steels produced by techniques more complex than simple mechanical alloying.
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Whereas current maximum fuel beup levels of 1611% are attained for cladding doses of ~100 dpghehri buraups require
doses of 256800 dpa, and some reactor concepts envision doses e500pa. The question arises whether swelling
resistance at such high doses are indeed achievable by any of the three generations.

A review is presented of high s irradiation studies on HT9 and B0 conducted in FFTF and B@&3® with maximum
doses of 15200 dpa. To probe doses greater than ~200 dpa ion irradiation is being used. While neutron doses at 200 dy
indicate that acceleration of the swelling rate iofde ferritic martensitic alloys is just beginning, ion bombardment shows
that swelling in this alloy class is bilinear (transient and then stsiadg) with a steadstate swelling rate of ~0.2%/dpa, one
fifth the rate of austenitic steels. The valuetlod ioninduced swelling rate agrees with an earlier prediction arising from
simple FeCr binary alloys irradiated in EBR and FFTF.

lon irradiation of second and third generation alloys is being planned to see if additional swelling resistancéaiandéya
extension of the transient swelling regime.

TECHNICAL SUPPORT OF JAEA FOR KAZAKHSTAN PROJECT
ON HIGH -TEMPERATURE GAS-COOLED REACTOR

Masuro OGAWA, Kazuhiko KUNITOMI, and Hiroshi KAWAMURA

Japan Atomic Energy Agency (JAEA)
4002 Naritacho,Oaraimachi, Ibaraki, 3141393, Japan
E-mail: ogawa.masuro@jaea.go.phone/Fax +829-266-7603 / 7608

In order to restrain global warming and attain a-lcavbon society, diversification in the use of leac heat such as process

heat and steam for chemical industries, district heating, etc., as well as production of clean energy such as hydrogen,
indispensable. The higiemperature gasooled reactor (HTGR), which is graphitgoderated and helium gaeoled, is
attractive due to its unique capability of producing high temperature nuclear heat and its fully inherent safety feature. Ir
particular, smatsized HTGRs with an electric power rating of less than 300MWe can greatly facilitate decentralipgd ener
supply, and the HTGRs, which can produce electricity, high temperature process heat and steam as well as hydrogen, cre
new industries and stimulate economical development in cities and localities as well as in those remote regions to which pow
trarsmission grids are underdeveloped in developing countries such as Kazakhstan.

The interests in HTGR as an advanced nuclear power source for the next generation reactor, therefore, continue to rise in
world. This is represented by the Japanese HTTiBhtFlemperature Engineering Test Reactor) Project, Chinese®MR
Project, International Generation IV VHTR (Very High Temperature Reactor) development program, US NGNP (Next
Generation Nuclear Plant) program, etc.

Japan Atomic Energy Agency (JAEA) issale comprehensive center for nuclear R&D in Japan, and promotes R&D in the
broad areas of nuclear energy and nuclear applications. To enhance nuclear energy application to heat process indust
including hydrogen production, which is one of the mosinpsing solutions to the global warming issues, JAEA continues
extensive efforts for development of HTGRs and hydrogen production system using the nuclear heat from the HTGR in th
HTTR Project. The HTTR is the first HTGR in Japan constructed at the Basasiarch and Development Centre of JAEA

with thermal power of 30 MW and the maximum coolant temperature at reactor outlet @.950

Using the HTTR, reactor performance and safety demonstration tests have been conducted. The reactor outlet temperature
950AC was achieved in April 2 0 0 4 Cawad confuted dna2080. Forohgdrogem u o |
production as heat utilization technology, R&D on themhemical water splitting by the "lodirfeulphur process" (IS
process) has been conduttstep by step. In 2004, ome=ek continuous operation of the IS process was successfully
demonstrated using a benstale apparatus with hydrogen production rate of 31 L/h. Data necessary for design and numerical
analysis such as material corrosion detarmal properties, chemical reaction data and equilibrium data are being accumulated
toward establishment of IS process technology.

In April 2007, the former president of JAEA visited Kazakhstan and concluded with National Nuclear Center of Kazakhstan
(NNC) a memorandum of understanding for the future cooperation in nuclear energy research and development. Then, JAE
started support for the Kazakhstan HTGR (KHTR) Project by utilizing the technologies developed under the HTTR Project. Ir
2008, JAEA techmially supported NNC in préeasibility study of KHTR gas turbine system with thermal power of 50 MW

and the maximum coolant temperature at reactor outlet of®@00h 2009, the feasibility support study on construction of the
KHTR in Kurchatov was perfored by utilizing a program of Japan Bank for International Cooperation (JBIC). Japan parties
that participated in this study consisted of Marubeni Utility Services, Ltd., Toshiba Corporation, Fuji Electric, Kawasgki He
Industry, Nuclear Fuel Industry, Bhizu Corporation, and JAEA. In 2010, JAEA started a conceptual design of KHTR steam
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turbine system with thermal power of-3#D MW and the maximum coolant temperature at reactor outlet ofG%6r earlier
deployment of HTGRs with support of Japan paritiepreparation for the feasibility study of KHTR which is expected to be
started in 2012. JAEA and Japan parties will continue to support NNC in the KHTR Project for the realization of deployment
of HTGRs in Kazakhstan.

THE PREDICTION OF THE NEW NEUTR ON RICH NUCLEI

Gridnev K. A.

St. Petersburg State University, Sdfdtersburg, Russia

Locating the proton and neutron drip lines and investigation of the nuclear structure far from the stability valley the@ne of
major problems in nuclear physibaving also interdisciplinary importance, for example, in nuclear astrophysics. In studying
the drip lines for neutron rich nuclei one usually takes a stable nucleus and increments the number of neutrons. At some po
the nucleus becomes overloaded witutrons and adding one more neutron makes the system unstable and one speaks of the
neutron drip line. However, it might happen that adding more neutrons to an already unstable nucleus may restoreythe stabili
and this unusual fact is often omitted i ttesearch. This phenomenon of stability restoration through adding more nucleons
results in formation of stability islands and stability peninsulas on the nuclear chart. We use the HF+BCS approach (Hartree
Fock with Skyrme forces) to analyze neutron ridh, O, Fe, Ni, Ar, Kr, Zr, Rn, Pb in the ground state accounting for
deformations. The calculations are performed using the oscillator basis. The results are compared with existing HFB and RM
calculations. Our analysis shows that stable areas on thenabket may extend far beyond the so far predicted ones.
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A RESEARCH PROGRAM NUCLEAR ENERGY CONVERSION

Bello Olawale Moshood, Aruna Abiodun Ibrahim,Odukoya Jamiu

Internaional British Institute, Cairo, Egypt

Direct conversion of nuclear energy to electricity has been a challenging problem since the inception of the generatiol
of electricity from nuclear reactions. The development of wide bandgaguipctions in mateals such as diamond, gallium
nitride, aluminum nitride, and silicon carbide is at the heart of this research. jAngtion in materials with banglaps greater
than 3 eV can be used in nuclear energy conversion in multiple ways. For example, for diverdion of the kinetic energy
of particles from the decay of radioisotopes, a diamomdjgnction has some unique advantages. It is less susceptible to
radiation damage than SiC, GaN, and AIN because, at high temperatures, it -@amealfpoint defestcaused by radiation
damage. A method which eliminates the radiation damage problem is &téwoPhoton Intermediate Direct Energy
Conversion (PIDEC) method that uses the efficient generation of photons from the interaction of particulate radiation with
fluorescer media. The photons are then transported to widedagnghotovoltaic cells where electrical current is generated.
PIDEC holds the promise of 40% energy conversion efficiency in a single cycle. PIDEC can be applied both to large powe
generationsystems and to small scale nuclear batteries based on radioisotopes (Radioisotope Energy Conversion Systel
RECS). Students and faculty have built a test stand for the PIDEC and RECS concepts which tests the physics of fluorescer
production from the intaction of radiation with various fluorescer media, the transport of photons, radiation shielding
methods, photovoltaic conversion with wide bagap photovoltaic cells, and conversion efficiencies. The technology is
licensed to a Missouri company (US Seariductor, Independence MO) and is helping to facilitate economic development in
the State of Missouri.

DEFINITION OF RATE C ONSTANTS OF HYDROGEN ISOTOPES INTERACTION
WITH LITHIUM CPS

Gordienko Yu.N., Kulsartov T.V., Kenzhin E.A., Tazhibaeva |.LsuBawv N.I.,
Ponkratov Yu.V., Sadvakassova A.O., Tulubaev Ye.Yu.

Institute of Atomic Energy of NNC RK, Kurchatov, Kazakhstan

Creation of a thermonuclear energy reactor is in many respects defined by an optimum choice of materials for its
systems, knotand elements. Lithium is one of the best candidates as a plasma contacting material of divertor reception plate
and other intrachamber devices of a TOKAMA#actor f]. The idea of use of liquid lithium in TOKAMAK has received
development on the basis safirface tention forse use in capillary channels efated capillaryporous systems (CPS). This
composit material with liquid and solid components can be considered as a new class of materials for TOKAMAK.

Advantages of lithium CPS as the plasfaeing materials has been confirmed by multiple experiments with lithium
devices based on their in modeling conditions and in conditionsldf , v-10, FTU TOKAMAKS.

At present time on Kazakhstan material TOKAMAK (KTM) together with the Russian experts works on creation
lithium module of KTM divertor reception device are carried out [2,3]. Application of this module will allow to investigate
plasmaphysical aspects of lithium influence, to working off the basic approaches to design of lithium divertor and
intrachamber elements of DEMO new generation of fusion reactor and also to working off of work technologies with lithium at
TOKAMAK conditions.

The module of lithium divertor (MLD) will be created on a basis of lithium CPS with a basis from stainless steel and
tungsten. In the context of correction of working gases inlet prestarting modes it is necessary to spend estimations
parameters ofyrdrogen interaction with lithium CPS in the conditions modelling operating conditions of TOKAMAK.

In present work results of research of interaction of isotopes of hydrogendedits d jsol twand influences
dzOIs j Ca®rdespheric gases on key parametraatefaction of isotopes of hydrogen withd Is  § 8 1 &g resulted.

As a result of the spent researches main parameters of hydrogen isotopes interaction with lithium CPS have bee
defined. The influence effect of atmospheric gases leaking (at levelaufraissible leak about 1,720 Pa / (nis)) on rate
of lithium CPS interaction with hydrogen isotopes have been fixed which is expressed by rate decrease of hydrogen isotop
absorption and reduction of a interaction constant more than 1,5 times haes\mdad.

The received parameters of hydrogen isotopes interaction with lithium CPS have been used for calculation of
deuterium(hydrogen) inlet rate to chamber KTM at a prestarting mode. It is recommended that at use of MLD in chambe
KTM it is necessaryo support continuously a flow(inlet) deuterium/hydrogen to the vacuum chamber at [é%eidlé/s at a
prestarting stage.
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1'S. Mirnov et. al. Plasma Phys. Control. Fusion 48 (2006)8®71 p. 824

2 |.Tazhibayeva, I.Lublinski, A.Vertkov, V.Lazarev, Az i z o v , G. Mazzit edup divertorPof KTMg o s t
tokamak on the base of lithium CPS0, abstract f o019 Lds9 AN
Vegas, 811 November, 2010, CA, USA,p.93.

% |. Lyublinski, M.L. Apicella, E. Azizov, V. Balakirev, V. Evtikhin D. lonov, G. Mazzitelli, S. Mirnov, |. Tazhibayeva, A.
Vertkov Main Results and Prospects of Lithium CapilBigrous System Investigation as Tokamak Plasma Facing Material,
22-nd IAEA Fusion Energy Conference,-18 October, Geneva, 2008, Book of Abstracts, p.121, and CD full paper.

DEGREE OF BERYLLIUM DAMAGE BY HEAVY -CURRENT E-BEAM

Deryavko I.I., Kukushkin{.., Tarasenko Ye.V., Baklanov V.V.

Institute of Atomic Energy NNC RK, Kurchatov, Kazakhstan

The first wall protective layer material of ITER thermonuclear reactor will be exposed to intensiena#lof heat and
gamma radiation, and corpuscular fluxes of plaghigh-energy neutrons, molecules, atoms, ionsctedes). Therefore,
studying the charaeristics of the protective material resistance to the effects of these loads is egestypuoblem. Institute
of Atomic Energy NNC RK performed the study of degree of beryllium damage, thetpmtiayer candidate material of
ITER first wall, under e influence of pulsed electron irradiation, simulating the conditions of plasma disruption to the first
wall using a higkcurrent accelerator GSER The task of research is to determine the process of beryllium damage under
electron irradiation: gradu@hcrease of the material degradation from pulse to pulse or as a powerful damage in the first pulse
followed by a slight increase of damage achieved in the other pulses.

Usedacceleratorllowedto createa short(~3 mfig) pulsesof high-current(up to 300 ¢ /cn¥) beamof high-energy(~0.5
MeV) electrons which providedthe specific heatfluxes up to 50 GW/m? establishmenbn the irradiatedplane surfacewith
areaof about100 cn?. The study involvedontexturedcylindrical specimenf 14 mmdia and 15 mm height and textured
prismaticspecimens with dimensiod$~20520 mm.

Tracking changes in degradation levet each ofthreetypes ofsurfaceswas performed in order tdeterminethe
dynamics of beryllium damage widnincrease of electronigulsesnumber (nortexturedsurface, surface perpendicularthe
texture axissurface parallel tthe texture axis)feer 2, 4 ,6 and 8pulsesof electronirradiationwith energy density-14 J/cnf.
Tracking showed that the increasf pulses number (according to mplological state visual assessment of the surface,
measurement of its material sputtering anda){ determination of this meral structure degradation level) causes the gradual
increase in material damage of all thigees of stfaces. That is, among the two main options of beryllium damage by high
current electron beam (gradual increase of materiabda from pulse to pulse or the powerful damage in the first pulse) the
first1 less dangerousoption of material dgradation is realized.

From the resultsof tracking we shouldalso note that the threetypesof Be-surfacesthe surfaceperpendiculato the
textureaxisis the moreresistanto electronirradiation while the nontextured surface is tHeaststableone.

DETERMINATION OF REA CTOR TESTS MODES BY CALCULATED -EXPERIMENTAL METHOD

Prozorova 1.V., Aleinikov Yu.V., Popov ¥uy.Toktaganoy .[ ., Pakhnits \b.

Institute of Atomic Energy NNC RK, Kurchatov, Kazakhstan

The report presents the results of nemqpoh y s i ¢ a | calculations of experi-ment .
pile experimentsln the course of the work the experimental devices mugsk which differ in fuel erichment, the amount of
fuel elements and design, are considered.

According to the results of activation detectors spectrometric measurements the quantitative assessment of the variatic
value in attitude of neutron fluence to the reactor energy release with increasing energy release in a reactor was performed

The calculationsesults are compared with the results of physical research on theumoaknost completely repeated
the experimental devic&urther calculation of the influence on the ratio between the energy release in the fuel assembly and
energy release in the reag temperature of fuel and its position as a result of melting process, was studied.

The results obtained allowed to establish basic correlations necessary to select the diagram of IGR reactor powe

change corresponding to the energy set in the expetatragvice FA.
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EFFECT OF GAMMA RADIATION ON SURFACE STRUCTURE ELECTROLESS NI -P LAYER UNDER H202
ENVIRONMENT

Garibov A.A., Hashemi M.Y., Agayev T.N.

Institute of Radiation Problems Azerbaijan National Academy of Sciences, Baku, Azerbaijan

In this research structure ,microstructure and chemical compositions of produced phases in electPlegeMNéxposed to
gamma radiation under H202 environment were investigated using a (SEM) equipped with andspersiwve xay
spectrometer(EDX), an-say photoelectron spectroscopy(XPS) analyzer and-eayxdiffraction(XRD) analyzer. Results of

XRD in figl(a,b) showed that NP amorphous layer deposited by electroless method on stainless steel 304 substrate aftel
gamma radiation for 70h in H202 environmbéransform to deferent oxides such phosphor oxide (P203 or P205). This result
confirmed by XPS figl(c) and EDX (fig2). From result of XPS thin layer of P203 produces in surfac® déyéir. As seen

in fig 1(c) main peak from C (1s) as reference anakpeom O (1s) at 532.25ev energy which related to P203 formation
appeared in XPS spectra. XPS results confirmed that surface layer was composed mainly of P203 oxide. It can be conclud
that transformation of NP layer from amorphous(super saturatedesta crystal structure due to oxidant radiation in H202
resulted in escape of P from super saturates state and finally formation of P203 oxide at surface layer
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Fig 1. XRD of NiP layer: a) before, b) after radiation and ¢ ) XPS ePNiurface after radiation state
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Fig 2: EDX of NiP (a) before and (b) after gamma irradiation

[1]: Changdong Gu, Jianshe Lian, Guargyu Li, Liyuan Niu, Zhonghao Jiang, High cofnesimtant NiP/N i/Ni-P
multilayer coatings on steel, Surface & CagtiTechnology 197 (2005)&37.

[2]: Zugiang Qi,Weiming lee"XPS study of CMP mechanisms of NiP coating for hard disk drive substrates, Tribology
international 43(2010)81814

21



Nuclear Energy

INFLUENCE OF PRELIMINARY THERMAL TREATMENT ON RADIATION  -OPTICAL
PROPERTIES OF FIBERS

Amonov M.Z.

Institute of Nuclear Physics AS RU, Tashkent, Ulughd#ekistan

The dependence of defect formation under irradiation org@idp contents was studied, and possibilities for increase
of radiatioroptical hardness of optfibers (OF) were examined. For this, we have compared effects of preliminary thermal
treatment of quartz OF with low and high @jfbup contents on their radiation hardness. The optimal temperature and thermal
treatment time were determined which resiltes i ncr e a s e dopti€aFHarsiness indsisildet andbrnear IR parts of
spectrum. As samples, USA made Polimicro LLC-BI® and FVP3 00 OF6s wer e u s e dgroup@oFiRc e nt |
300 and FVP300 was 1c m and 100Qs tm, respectively.

Measured losses in the OF demonstrated that the spectrum almost did not chang&08 BUPing its thermal
treatment at 1884. However, at 200 and 22@ one could observe slight decrease of initial losses, i.e. lossetooin OF. It
was discovered that at slow cooling of thermally treated samples down to room temperatures one could observe addition
losses that was pronounced at-460D nm, and at 800 nm and more.

Similar result was observed for F\G®0, which had lgh concentrations of Olgroup.

In the losses spectrum for thermally treated girdadiated FIP300 OF the band with peak at 610 nm, which belongs to
absorption of noibridging oxygen hole centers (NBOHC) does not exist. It was discovered that in thdOB\Wype OF
absorption spectrum the intensity of absorption band at 610 nm depends on temperature of preliminary treatment. Intensity
this absorption band has the least value for the OF preliminary thermally annealedeat 200

Based on the obtained daive assume that preliminary thermal treatment ofJ0® leads to decrease in number of
oxygen vacancies, and thereby to the decrease of numpecaditers and NBOHC.

Since under heating of OF at mentioned temperatures deday-bfnds in FVR300 is nd observed, one can assume
that the defects of the following type are transformefii- 0’y - O- Sit (| § s 600 nm )f* Si- o° (I § sz 630 nm).

Based on the obtained data we have drawn a conclusion that before thermal annealing a typeeattmn of
preliminary defects in structure in quartz OF, containing different concentratigngiafroup, are different. Therefore, after
preliminary thermal annealing the type of defects and degree of imperfection of the structure in the bothm@E Oiéfeoent.

This causes the fact that the processes, taking place at follguviragliation, are different.

INFLUENCE OF THERMAL ANNEALING AND gIRRADIATION ON
OPTICAL LOSSES OF FIBER WAVEGUIDES

Amonov M.Z.

Institute of Nuclear Physics AS RUashkent, UlugbelJzbekistan

This work presents the results of studies dedicated to influence of temperature annealing and fpitoadiggion, and
combined influence of temperature annealing gircadiation on the transmission spectrum of F3F0type optic fibers (OF)
wi t h-grqup concentration of 1000 ppm. Annealing temperatures were 180, 200, 220 &rd.@Bfadiation dose powers
were 200, 315 and 350 R/sec.

At annealing at 1884 t he OF6s transmi ssi on s pie©ORisabseen atr2@. chtan
annealing temperature of 228 some | oss of transparency is obsédu.ged c
irradiation of both norannealed and annealed OF induces color centers (CC) with absorption band at 8h6wmmas the
nonbridging oxygen hole centers (NBOHC). Intensity of this band has the least value in OF samples preliminary thermally
treated at 2066 . At OF annealing at % ewipteh affimddisimsmtierinigrisiey of adsdippn 2 0
band at 610 nm mainly decreases. It is assumed that that decrease in the intensity of 610 nm absorption band at temperatt
from200t035¢ i s caused by that fact that mobile atoms of m
1Si-O-Mebi nd, that causes decrease of NBOHCG6s concentration

Under combined influence of thermal annealing gitdadiation similar phenomenon can be observed.

At thermal treatment at 18% with simultaneousrirradiation, the measurement of transmission spettat 318
demonstrated that the NBOHC with 610 nm peak does not exist in the absorption band spectrum. Similar phenomenon is al
observed at OF thermal annealing at ®20°% with following grirradiation. Likewise the previous case, we assume tit th
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is related to the formation dfSi- O- Me under influence of temperature agdrradiation, which in turn decreases the
concentration of NBOHC, i.e. combined influence of temperatureémddiation accelerates this process.

Based on the obtained dat& Wave drawn a conclusion that the optimal temperature to minimize radraticsed
|l osses affecting on OFés tramsparency can be the temperse

INTRINSIC ELECTRON EXCITATIONS IN ZrO  ,1Y,03CRYSTALS

Amonov M.Z.

Institute of Nuclear Physics AS RU, Tashkent, Ulughdihekistan

Spectral and kinetic luminescence and absorption characteristics g% Z0crystals were studied by high tm
resolution impulse spectroscopy. These experiments were
were based on higburrent accelerator GHS00 provided electrons energy of 300 keV, with pulse duration of 10 nsec and
current densitpf up to 1000 A/crh

It is demonstrated that the studied crystals have two types of intrinsic luminescence, one of which is caused by radiativ
decay of autolocalized excitons, and the other one appears at decay of autolocalized holes followed byreadiatination
with electrons by trapped inéenters.

Based on the comparative analysis of luminescence spectra relaxation kinetics it is demonstrated that immediately aft
excitation is stopped the luminescence decrease is caused by the recombatatiem annihilation of electrons with
autolocalized holes. At the final stage luminescence decrease is caused by decay of autolocalized holes

ISOMERIC YIELD RATIOS AND CROSS SECTION RATIOS
OF THE REACTION (g n) AND (n,2n) ON ***Hg NUCLEI

L %palvanov S.R.}?Palvanova G.*Kajumov M. Juraev O.

!Department of Physics, National University of Uzbekistan, Tashkent, Uzbekistan
?Institute of Applied Physics, National University of Uzbekistan, Tashkent, Uzbekistan
3Institute of Nuclear Physics, TashiteUzbekistan
e-mail: satimbay@yandex.ru

The measurement and interpretation of isomeric ratios have provided information about the energy levels structure ¢
nuclear systems and the angular momentum and reatiechanism effects involved in the production of isomeric states in
nuclei.

In the present work results of investigation of the isomeric yield ratig¥ \of the reactiont*Hg(o,n)**’™Hg and
19%g(n,2n}*"™Hg are presented.

Samples of natural haveeen irradiated in the bremsstrahlung beam of the betatreB0SH Institute of Applied
Physics of National University of Uzbekistan in the energy range 083 MeV with energy step of 1 MeV. For 14 MeV
neutron irradiation we used the NGO neutron geerator of Institute of Nuclear Physics.

The gamma spectra reactions products were measured with a spectroscopic system consisting of HPGe detect
CANBERRA with energy resolution of 1,8 keV at 1332 keV gamma ra/@b, amplifier 2022 and multichannehatyzer
8192 connected to computer for data processing.

The yields of the metastable state decays were evaluated by using &eN33°"™Hg: P=13/Z", T,,=23,8 h)g-
rays. The yields of the ground state decays were evaluated by using fHieeMd{°*"Hg: P= 1/2, T,,,=64,14 h) grays.
The results of calculation are given in the table belowgdaVeV).

Egnax) €V 26 28 30

YmlYqg 0,1180,006 0,122°0,00 0,120’ 0,006
6
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In the range 125 MeV our results are in good agreement with the date of ref. [2]. In the rangB RV the
isomeric yield ratios ¥/Y 4 of the reactiongn)on***Hg are obtained at first.

The results are compared with the calculations made in the statisticald@rthieory. The experimental results are in
agreement with the calculated ratios for values of spioffyiarametes between 2 and 3.

1. Balabanov N.P. e.a. In: Abst. of paperatiern.Conf. on nuclear spectroscopy and structure of the atomic nucleus.
St.Petersburg, 1994, p. 203.

ISOMERIC YIELD RATIOS AND CROSS SECTION RATIOS
OF THE REACTION (g n) AND (n,2n) ON"*%%Ge

1 %palvanov S.RY #Palvanov G.S2Konakov Z.2Kajumov M. 2Juraev O.

!Department of Physics, National University of Uzbekistan, Tashkent, Uzbekistan
?Institute of Applied Physics, National University of Uzbekistan, Tashkent, Uzbekistan
3Institute of Nuclear Physics, Tashkent, Uzbekistan
e-mail: satimbay@yandexur

In the present work results of investigation of the isomeric yield ratios reactit®sp,n)*™%Se, #Sep,n)P'™Se,
"sSe(n,2nfP™%Se and®®Se(n,2n}'™%Se are presente@he isomeric yield ratios were measured by the induced radioactivity
method.

Samples of natural Se have been irradiated in the bremsstrahlung beam of the bet&itdarf BBtitute of Applied
Physics of National University of Uzbekistan in the energy range 083.0eV with energy step of 1 MeV. For 14 MeV
neutron irradiation we used the NKB0 neutron generator of Institute of Nuclear Physics.

The gamma spectra rdémmns products were measured with a spectroscopic system consisting of HPGe detector
CANBERRA with energy resolution of 1,8 keV at 1332 keV gamma ra@#, amplifier 2022 and multichannel analyzer
8192 connected to computer for data processing.

The yidds of the metastable state decays were evaluated by using the 254"/ §=1/2', T,,=38,9 m) and 103
keV ®'™Se, J=7/2", T,,,=57,3 m)grays. The yields of the ground state decays were evaluated by using the 36%%geV (
J=7/2", Ti=7,1 h) ad 275 keV {Se, J=1/2', T,,,=18,5 m)g-rays.

For the®Sep,n)®*™%Sethe results of calculation are given in the table below §2MeV).

Egnax MeV 27 28 29 30
Yol/Yg 056002 057002 057002 0560,02

For the”*Sep,n)*™%Se and %2Sep,n)®'™%Se the results are in good agreement with the date of ref. [1]. The isomeric
yield ratios of the reactiorg(n) on’**%Se in the 285 MeV energy range are obtained at firgt.n)" and @, n)° reactions
cross section are obtained. For fi8e(n2n)y*™%e results are in good agreement with the date of ref. [2]. The results are
compared with the calculations made in the statistical Fgasitheory.

1.Mazur V.M. //Physics of elementary particles and atomic nuclei.20GQ. P.1043.
2.Fam Zun Kihe@ et al.// Yad. Fiz.. 1982. V.35. P.257.
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METHODS OF POSTREACTOR RESEARCH OF NJPSFUEL ELEMENTS

Deryavko L.I.

Institute of Atomic Energy NNC RK, Kurchatov, Kazakhstan

It is known that during the period from 1975 to 1998 in IVG.1, IR@iiil RA research reactors casinge carbide rods
and carbideggraphite rods of nuclear ppropulsion system (NJPS) were tested in motor mode (in flowing hydrogen
technological channels), in the low power mode (in the floviieg helium resource ampoujeand in the high power mode
(in flowing hydrogen technologic channels). The tests followed by postreactor material testing research of fuel elements
whose main aim was to establish qualitative and quantitative efficiencyaeef$ of fuel elements il these modes.

The essence of postreactor studies of fuel rods was to assess the general condition of the fuel elements (and fi
el ement s6 beams) in heating sections (HS) of fuel chann
parameters degradation level of the irradiated fuel rdte presencanddegreeof longitudinal curling of fuel rodsin HS,
fuel elementsurface morphology ancblor changethe presence dfistortionandfuel elements surfaceracks the presence
and reldaive amount ofrods breakage in HSaswell asthe presencand amount offuel rodssinteringto eachother was
recorded in assessing tbgerall state offuel elementsin the study ofthe basicparameter®f irradiatedfuel elementghe
magnitude angign changeo f f u e | e | dengtmdiamedier runaimggldctrical resistivitydensity, microhardness,
lattice spacingelastic modulusstrengthstate ofthe micrastructure were determined

As a longterm postreactor study involved a huge amafrftiel elements (each FA cut in the hot cell of technological
channel or resource ampoule contains freB00 to~3000 fuel rods), it was required to use special techniques to complement
standard and reduce the duration of the research implementatioat blo¢hstage of the fuel elements overall state assessment,
and at the stage of studying radiation changes of their parameters. legthis, the methods for estimating the angle of the
longitudinal curling of fuel rods beam in HS, the method of dieie of small residual wryness of the fuel element, the
methods to detect surface cracks in fuel elements, the methodayf determination of fuel rod swelling and method for
measuring the microhardness of ceramic fuel in the case of high porosity shittsi® have been developed and used in
postreactor studies of irradiated fuel rods. Tdmort presents description of each method and its application limits.

MODELING OF TRITIUM AND HELIUM RELEASE FROM IRRADIATED BERULLIUM
OF VARIOUS GRADES

Gordienko Yu.N., Kulsartov T.V., Kenzhin Ye.A., Tazhibaeva I.L., Barsukov N.I.,
Ponkratov Yu.V., Sadvakassova A.O., Tulubayev Ye.Yu.

Institute of Atomic Energy of NNC RK, Kurchatov, Kazakhstan

One of thermonuclear synthesis problems is the choice of th&rootional materials able to withstand thermal and
neutron loads in stationary and plasma failure operating modes. .As the plasma facing material of ITER first wall &ds plann
to use beryllium, which will be exposed to significant radiation damadesirfadiation of beryllium results in formation and
accumulation of radiation defects as well as helium and tritium nucleuses in the result of nuclear reactions with berylliun
atoms. An actual problem of tritium safety of nuclear and fusion facilitiberiglium handling and its cleaning from tritium.

After commissioning of thermonuclear reactors ITER total amount of irradiated beryllium will be considerably increased. At
the present time irradiated beryllium is processed as a waste, but because aufshighd ecological danger its disposal is
rather undesirable proceduf@ne of tritium removal methods from irradiated beryllium is Higimperature outgasing, and in
order to select its optimum conditions it is important to know tritium accumulatioecuhblility parameters.

The additional reason of steadfast attention to these
of the mechanism of tritium interaction with irradiated beryllium, that is the very important for tritiuruatigtn calculations
in beryllium elements of future fusion reactors.

In this work the results of thermodesorption investigation of samples eB®yfade beryllium irradiated for 300 days
in BN-350 reactor to fast neutron fluence $'icn?. TDS expeiments were carried out at the VIKA facility in temperature
range 3 @& withthé led4i0p Ar ad/min. 10 A

As a result of the experiments the kinetic dependences,df j4 J H.0,1 u u,andu,0 release were received for
the linear heating modef deryllium samples. It has been established that the main peaks of gas release from beryllium
samples appear in two temperature intervals. Intensive gas release occurs at the temperatures close to beryllium tmelting poir
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Using the experimental data hetiuand tritium integral inventory in the sample (600 ppm and 15 ppm accordingly)
were calculatedThe contribution of each tritiurnontaining molecules in the total tritium release was also estimated
The general analysis of literary and experimental dditaved us to develop phenomenological model of possible
mechanisms of tritium and helium interaction with irradiated beryllium based on of processes of tritium diffusion in volume
and on grainds border and al s oheliumibubblasm absor ption and r e
These processes can be described by the following system of equations:

euc

T'u L= Kc, Hc,,
T Mt

THCy _

| =Kc, -Ug,,

gt

Tlucbnd_

A =Hc,_A +{Jg,,
lllut gr Cob

where ¢y T average concentration of gas atoms in the grain volume;
Cop I @verage concentration of gas atoms in the helium bubble eplum
Congl average concentration of gas atoms migrated to the grain boundaries.

Proposed model has been applied in the calculation algorithm which allowed to simulate experimental kinetics of
tritium and helium release from irradiated beryllium of BB reactor. Main parameters of tritium and helium interaction
with irradiated beryllium of BN350 are also defined in the result of the modeling.

NUCLEAR ENERGY i STATUS AND OUTLOOK

Yusuff Tajudeen Abiodun

International British Institute, Cairo, Egypt

Rising expectations best characterize the current prospects of nuclear power in a world that is confronted with ¢
burgeoning demand for energy, higher energy prices, energy supply security concerns and growing environmental pressures
appears that thinherent economic and environmental benefits of the technology and its excellent performance record over the
last twenty years are beginning to tilt the balance of political opinion and public acceptance in favor of nuclear péseer. Nuc
power is a coseffective supplyside technology for mitigating climate change and can make a substantial contribution to
climate protection. This paper reviews the current status of nuclear power and its fuel cycle and provides an outloek on whel
nuclear power may beshded in the shotb-medium run (20 to 40 years from now).

PECULIARITIES OF DEFECT FORMATION IN BARIUM AND STRONTIUM CERATES UNDER REACTOR
IRRADIATION

Khromushin I.V., Aksenova T.l., Zhotabaev Zh. R., Munasbaeva K.K.

Institute of Nuclear Physics,a&fonal Nuclear Center of RK, Almaty, Kazakhstan

Complex oxides with the perovskite structures are very interesting both from the scientific and applied points of view
because of their unique properties such as high temperature protonic conductiwtynalas it possible to use them in
hydrogen fuel cells for energy production. Also high temperature proton conducting oxides can be used in a number o
applications for nuclear industry including hydrogen isotope separation devices, hydrogen sensdrsrantt @ expected
that irradiation can brings to significant modification of these materials. So, it is important to obtain knowledge &t rad
effects on structure and properties of the perovskite type ceramics.

Samples of BaCefand SrCe@ dopedwith neodymium and yttrium were fabricated by sedtdte reaction and
inductive melting technologies. After synthesis, the samples were annealed in aif@tf@5@ hours. Samples were then
sealed in glass or quartz ampoules and were irradiated 8 100 n 6 we t & ¢ h aKnreaetdr of thé Instithtee of WWR
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Nuclear Physics RK to achieve different total doses. The neutron flux during irradiation Wwa8"~8/cnfc. Gas
thermodesorption and IR spectroscopy were used to characterize these materials.

The experimental setup used for gas thermodesorption studies allowed the partial pressure of gases in the workir
chamber to be measured during heating at a known ramp rate.

To achieve an acceptable vacuum (2E@) the entire vacuum system, including vheuum chamber was heated to
300°C prior to the experimental programme. During the system-bakesamples were placed in a cooler part of the chamber
which was maintained at approximately Z5by circulating cooling water through the vessel. The teatper of the samples
was measured using a-Ré thermocouple placed on the bottom of heating cup. The samples (up to a total of 7) were
successively placed in the heating cup and thermodesorption spectrums of the gases of interest were measured.

A personalcomputer with an Advantech PAF10HG module was used to select and control sample heating, choice
of gas masses to be monitored, temperature and thermodesorption spectrum measurement. This automation scheme allow:
to 6 desorption spectra of differerasgges to be measured simultaneously. The samples heating rate was 42 K/min in all cases.

IR spectra were measured with JaparPiestije21 Fourier IR spectrometer in the frequency range from 380 to 4000
cmit at room temperature.

Spectra of oxygen and watmolecule release from Ndioped ceramic barium cerate samples irradiated in the reactor
to different doses at 10 have shown that the amount of desorbed gases increases with irradiation dose. Earlier we have
shown that amount of desorbed water and exygolecules increases with increase in doped level of barium cerates. So effect
of irradiation is similar with doping effect. Taking into account that temperature range of gas release from irradiatesd sampl
remains unchanged in comparison with unirratiabnes it can be suggested that identical processes are responsible for
oxygen and water molecule release.

All above mentioned facts allowed us to suggest the following explanation of influence of reactor irradiation on these
materials. During irradiatio oxygen vacancies are formed in the oxides. As a result reducffigodae’” takes place. These
vacancies can be filled with hydroxyl groups from ambient. Some vacancies can be filled with oxygen in case of bariun
cerates. That is why the higher doseezctor irradiation the higher amount of desorbed gas molecules from the oxides.

IR-spectroscopy of these samples has shown that irradiation of these materials brings to formation of Ba and C
hydroxides fig.3. It can be seen that the absorption band82&ti11040 cnt take place in spectra of irradiated samples
though these bands are absent in spectra of unirradiated ones. It is suggested that these bands are resulting froofi vibration
OH-group in barium or cerium hydroxides. We consider that thedehigles are formed on the topmost surface of irradiated
samples at their contact with ambient during irradiation.

It is necessary to notice that a significant increase in carbon dioxide release from these samples was observed wi
increasing of irradiatin dose. So we consider that irradiation of these materials stimulate their interaction with carbon dioxide
from ambient and formation of carbonates in subsurface area. tBmgresence of carbonates in these materials leads to a
deterioration of the oxgle stability and conductivity, it is necessary to avoid contact of cerates with carbon oxides, especially
during reactor irradiation.

RADIATION DEFECTS ON OXIDE MATERIAL SURFACE

Tuseyev T.

Instiute of Nuclear Physics of NNC RK, Almaty, Kazakhstan

Earlier we investigated the influence of ultmlet and gamma radiation as well as neutrons and charged particles on
the surface qualities of different oxide systems: oxides of silicon, beryllium, aluminum and others, in particular ttesnabso
qudities.

The influence ofa- and proton irradiation on surface properties of beryllium oxide were investigated by manometric
and ESRspectroscopic methods.

a- and proton irradiation of the system B€I located in adsorptive desorption equilibrium atoom temperature
generates irreversible additional adsorption of oxygen.

Comparison of the influence &-particle irradiation with energy 50 Mev and protons with energy 30 Mev, on
accumulation of centers of adsorption shows that the speed of accumofatiotive centers fof , under operating oé-
particles is more, than under operating of protons. This can be explainedphsicles in comparison with protons posses a
large ionizing ability that will lead to creation of a large number of adsorption centers.

As for metanism of oxygen adsorption dnj [t is possible to make the following supposition: the surface §f
is covered with hydroxyl groups and at irradiation they can be failed. Thus on a surface the active centers are crbated, whi
are capable to become bgnters of adsorption. At irradiation ofl j fhe paramagnetic centers are formed, which have a
complicated structure. The signals ESRIop Jirradiated by protons, apparently, are formed both on a surface and in volume,
as from the one hand at adsorptmfoxygen there is decreasing of a signal amplitude (destruction of surface ESR centers),
and on the other hand even flooding of free air does not completely destroy signals of ESR (volumetric ESR centers).
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With increase of a dose in the field of a fInerF=41013—3,5'1014 cm_2 a radiation annealing of paramagnetic centers

is watched in vacuumrocessed j JAt further increase of proton flow ( F > 11614 cm_2) a cymbate change of quantity

of paramagnetic defects, i.e. growth of PMC quantity has a place.
Dose dependence of concentration PMG fontained adsorbed,@ characterized by a maximum iretfield of a

radiation dose cF3'1014 cm_2. The annealing of PMC begins at the growth of radiation do&!ﬁEOMcm_z).

The paramagnetic centers, observed by us, are the sum of volumetric centers on a surface of paramagnetic centers. -
accumulation cure of paramagnetic centers on a surfacg fwith adsorbed oxygen lies above by accumulation curve of
paramagnetic centersf vacuumprocessed j J[since the adsorption of oxygen onj jncreasegjuantity of paramagnetic
centers, i.e. the oxygen is adsorbed in the-icadical form{ ,., as was wtched in our experiments except for small doses

(F<1'1014cm'2). Since a fluence F:2,215)14cm'2 the number of paramagnetic ¢ters in a systenh j - , is morethanin
vacuumprocessed one.

Comparison of irradiation influence of vacutprocessed sampldsj pf a-particles with energy 40 and 50 Mev and
protons with energy 30 Mev has shown, that the regularity of accumulation of paramagnetic cergersrfdrproton
irradiation has nottinear character: for all cases: the maximum is watched at value ofrecéld® 0,31014 cm_2 . After a

narrow maximum the secondary growth of accumulation of paramagnetic centers is watched at EB§e§H>1 4fn d% .

RADIATION -INDUCED COLOR CENTERS AND LUMINESCENCE IN ZrO ,-Y,03 CRYSTALS

Amonov M.Z.

Institute of Nuclear Physics AS RU, Tashkent, Ulughd#hekistan

The nature of growth defects and radiatinduced defects was studied in Zr0,0; crystak. These studies included
investigation of color acquisition and luminescence mechanisms ip¥Q; under external influence (impulse radiation,
thermal and chemical treatment), and determination of importance of intrinsic and impurity defects irofoohatblor
centers (CC) and luminescence centers (LC).

In the studied crystals aftgiirradiation, in the absorption spectrum one observe a complex wide band at 420 nm, which
is conditioned by absorption oflfke center. This does not contradict to theda from literature, where it is stated that in ZrO
Y05 crystals at substitution of Zrby Y*" ions an excessive amount of oxygen vacancies are formed in order to compensate
excessive charge. Based on this data, the influence@yfstabilizer concemation on CC formation was studied.

It was discovered that with increase ofO¢ concentration in Zr@Y ,0; crystals the intensity of absorption band at 420
nm also increases aftagirradiation. In the gluminescence spectrum of Zyd,0; crystals measuck at 31@ the
luminescence band at 530 nm was observed. The intensity increase of this luminescence band at 530 nm and absorption b
at 420 nm is directly proportional to the concentration gDy

Based on the obtained results, it was deduced thab#w@mion band at 420 nm and luminescence band at 530 nm can
be caused by absorption and luminescencelideFcenters in Zr@Y ,0s.

RESEARCHES OF REACTOR RADIATION INFLUENCE ON PROCESSES OF HYDROGEN ISOTOPES
INTERACTION WITH MATERIALS OF FUSION REACT ORS

Kulsartov T.V., Kenzhin E.A., Tazhibaeva |.L., Barsukov N.l., Gordienko Yu.N.,
Ponkratov Yu.V., Sadvakassova A.O., Tulubaev Ye.Yu.

Institute of Atomic Energy of NNC RK, Kurchatov, Kazakhstan

One of the issues of modern fusitype reactor (FTR) de#gning is tritium safety which is closely connected with the
problem of tritium distribution modeling in FTR structure elements and assemblies. Permeation and diffusion parameters use
for estimation of tritium migration in FTR should be defined in theditions similar to the conditions of real FTR operation.

In the FTR operating condition construction materials are exposed to neutron irradiation and therefore the simulation of it
influence on the processes of tritium and helium interaction with mistégianportant research task.
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This paper presents experimental results of hydrogen isotopes interaction under reactor irradiation, simulating FTF
neutron flows with prospective FTR materials to be used in various FTR structure elements: divertofgdasnmaaterial
tungsten; a functional materialoxygenfree copper; constructional materisS316IG steel (ITER grade).

Investigation of reactor radiation impact on the processes of hydrogen isotopes interaction with FTR materials wa:s
carried out at I\G1.M reactor of IAE NNC RK. Experiments were carried out by thermodesorption and hydrogen permeation
techniques and allowed to determine main parameters of hydrogen isotopes interaction with investigated materials at tt
temperatures corresponding to reahditions of fusion facilities operation.

The obtained results revealed that neutron irradiation influence results in the change of hydrogen isotopes interactio
parameters with investigated materials in the result of a number of various effects:magliatio mu | at ed pr oces s
dissolution in a metal lattice, decrease of trapping activation energy and hydrogen isotopes release from traps, changes
dissolution and diffusion activation energies.

RESEARCHES OF TRITIUM AND HELIUM GENERATION AND RELEASE PROCESSES FROM LIQUID
LITHIUM AT THE REACTOR IRRADIATION

Kulsartov T.V., Kenzhin E.A., Tazhibaeva I.L., Barsukov N.I., Gordienko Yu.N.,
Ponkratov Yu.V., Sadvakassova A.O., Tulubaev Ye.Yu.

Institute of Atomic Energy of NNC RK, Kurchatov, Kakhstan

One of prospective directions of fusitype reactor (FTR) development is connected with use of liquid lithium in
chamber FTR. Now liquid lithium systems are applied on various TOKAMAKS, for example-lithiidn limiters ons11-f
(Troick, Russh) and FTU (Frascati, Italy), liquidi t hi um di vertor on NSTX (Princeton,
of divertorés I ithium module reception device of Kazakh:e
will be created on a basélghium capillary-porous systems (CPS) with a matrix from stainless steel.

As researches have shown the application of lithium in TOKAMAK allows:

1 to create a self repair reception surface of the intrachamber devices possessing practically urdouitest re

1 to lower specific energy loadings at the expense of intensive reradiation on lithium atoms in peripheral area of the

plasma discharge. Thus issue of heat rejection from reception devices will essentially facilitate;

T to reduce ef hagngnumber gptd nairsnmam possible level close to unit that will essentially raise

plasma parameters of a reactor;

1 to exclude accumulation of tritium that is provided by absencelittesproducts of erosion and by possibility of

active control ofhe tritium content in liquid lithium.

At work of FTR tritium and helium will form in lithium under the influence of a neutron irradiation. The detailed
information on processes of generation and release of these gases is necessary for an estimatimfiwdrtbe degree on
pl asmabdés parameters.

In present paper results of the spent works on research of processes of tritium and helium generation and release frc
liquid lithium are resulted. Reactor experiments were carried out on IVG1.M reactor ameldaltodefine rates of tritium and
helium release from liquid lithium for various reactor powers. Efficiency of tritium and helium releases have been received
which were calculated as ratios of gas release flow to their generation rate generation.

Experinents have shown that for investigated temperatures of liquid lithium32004) efficiency of tritium and
helium release essentially depends from generation rate and temperature.

SHORT-LIVED COLOR CENTERS IN Zr0 ,-Y, 03 CRYSTALS

Amonov M.Z.

Institute of Nuclear Physics AS RU, Tashkent, Ulughd#hekistan

Shortlived colorcenters in Zr@Y, 0; (10%) crystals were studied at different moments of time passed since electrons
irradiation was stopped. These experiments were perform
on highcurrent accelerator GH800 provided electrons energy of 300 keV, with pulse duration of 10 nsec and current density
of up to 1000 A/crh The measurements were performed by means of electrons pulse both at 77 K and at 296 K. Based on th
experimental data, it was demonstrateat th ZrG-Y ,0; (10%) crystal under the electrons pulse irradiation one could observe
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in the absorption spectrum a wide band with its peak at 500 nm similar to the one observedruadiation, but with higher
intensity.
By studying the difference ofcy st al sé absorption spectra taken at dif
influence stopped, for the first time, additional absorption bands were observed with peaks at 330, 480 and 530 nm, which a
responsible for shoftved color cergrs, and have made assumptions regarding their nature.

SIZES OF VACANCIES AND PORES IN SILICON ACCORDING TO THE
METHOD OF POSITRON A NNIHILATION SPECTROS COPY

YFuntikov Yu.V.!Grafutin V.1.,°Meshkov I.N.}Prokopev E.P ‘Timoshenkov S.P’Yakoveko S.N.
!Alikhanov ALl

Ynstitute for theoretical and experimental physics (ITEP), 117218 Moscow, str. B.Cheremushkinskaya, 25, Russia
2JINR, JoliotCurie 6, 141980 Dubna, Moscow region, Russia

Measurements of annihilation spectra of positrons (tifri#eoof positrons (TDAP), angular distribution of annihilation
photons (ADAP) [18]) allow to judge electronic structure of eronment, formation and evolution of defects, about kinetics
intratrack physical and chemical processes in the investigatedomment. Experimental researches spend with use of
accessible radioactive sources of positron®2Rand Cu64 more often. For a method of positron diagnostics the great value
gets construction of the theoretical models describing elepsitron inteaction in materials, possgnag defects of structure
[1]. Along with "exact" numerical calculations simple analytical models are thus used also. In works [1,2] it was offered and

empirical expresion connecting time of life of positrorfs with number of vacanciefN,, in free volume of siton is proved:
tns]=t,[ns]+ 14V [nn], V =(4/3)pR® - free volume of vacancies, whete, - time of life of a positron in a

faultless crystal. Calculations under the formula (3) for silicon and iron are presented to table.

Defects of vacancion type, times of life of positrons and radiuses
of vacancies in silicon

Type of a state Time of positron life , Radiuses of vacmies,
t 4 (ps) U
Si-bulk 219
Si-monovacancy 266270 2,0
Si-divacancy 318325 2,6
Si-4 vacancy 425 N30 3,3
Si-4 vacancy 425 N30 3,3
Si-6 vacancy >520 3,7

Thus, the simple analytical model of the connected sfadepositron can be used with success for a qualitatpkeation of
features of annihilation process in defective metals and estimatioas ofu ses of vacancies and a g
and nanometer (nm)) sizes.

1. V.lL.Grafutin, I.N.MeshkovE.P.Prokopev, N.O.Hmelevsky, S.L.Jakovenko. Definition of the sizesfe€td of vacancion
type in angstrem ranges by methods of positron annihilation  ctrepeopy.
http://www.portalus.ru/modules/science/rus_readme.php?subaction=showdate&id=1284930000&archive=&start from=&u
cat=&

30


http://www.portalus.ru/modules/science/rus_readme.php?subaction=showdate&id=1284930000&archive=&start_from=&ucat=&
http://www.portalus.ru/modules/science/rus_readme.php?subaction=showdate&id=1284930000&archive=&start_from=&ucat=&

Nuclear Energy

SOLID SURFACES MODIFICATION AND DIAGNOSTICS
AT GRAZING LOW -ENERGY ION BOMBADMENT

lUmarov F. F.,°Dzhurakhalov A.A. antMukashev K.M.

Kazakh British Technical University, 050000 Almaty, 59, Tole bi str., Kazakhstan
“Antwerpen University, Belgien
3National Pedagogical University after Abai, 050100 Almaty, 13, Dostyk ave., Kazakhstan

The ion implantation process at grazing angles lead to sputtering of the subsurface layers and to change of a profile «
composition and structure of further layers. The (001) surface of Bemiconductors is one of the most widely used
semiconductor surées in both homoand hetereepitaxial growth for the marfacturing of electronic devices. Implantation of
Be and Se ions into GaAs allows to make the acceptor and donor impurities and Ultk& jsimetions in this semiconductor.

In the present work thpeculiarities of the ion sputtering and ion implantation processes under conditions-ehdogy
grazing ion bombardment of Cu(001) and GaAs(001) surfaces have besigated by computer simulation. The computer
program for a calculation of the ion jeatories is based on the binary collision approximation. The trajectories ofilidéngo
particles have been constructed as a sequence of binary collisions. The partiatiansereere described by tleereened
Coulomb potential with the ZiegldiersackLittmark (ZBL) gpproximation to the ThomaBermi screening functionfhe
inelastic energy losses have beemsidered as local and calculateg modified Firsov model with their including into the
scattering kinemtécs. Elastic and inelastic energgskes of scattered and sputtered particles were summed along their
trajectories. The simulations were run with the crystal atoms initigdlyostry at equilibrium lattice sites because in the
conditions of grazing incidence the indince of the thermalibrations of lattice atoms at room temperature on ion scattering
and sputtering results is igsificant.

The sputtering has been simulated in the primary kwockegime. Only the primary knoan recoil PKR) atoms
ejected from first, second and thiralykrs have been considered. The presence of a planar potential energy barrier with the
height U =2.96 eV for Ag atoms on the surface was taken into account. The numbeidehinions is 2x1D The incident
ions and the recoil atoms were followed throogththeir slowingdown process until theimergy falls below a predetermined
energy: 25 eV was used for the incident ions, and the surface binding energy was used for toa latocis The angle of
incidence of the ion beam relative to theface was banged in the range = 3@, the azimuttangle of incidencehanged
in the ranges = 9 by rotation of a target around its normal was counted from <100> direction, the polar and azimuth
angle of ejection of des o respectvely Bhe teptls diskilsutionsroe5 keaAr iéns ichplantad U
into Cu(001) stface and 1 keV Be and Se ions implanted into GaAs(001) and also full and partial sputteifiogents for a
range of grazing angles of incidence3®) have been calculed and presented. Some difference of these dependencies for
two directions is explained by fiérent shapes of surface semichannels in the <110> and <110> directions. It is shown that at
grazing angles smaller than some critical angle, ion implantaties ot take place. The value of the critical anglerehses
with decreaing mass of incident ion. The oscillatory behaviour of the depth distributions of 1 keV Be+ and Se+ ions for
<110> direction calculated for three values of angle of incidence isieagldy shape of channel in this direction. The
comparison of depth distributions for Be+ and Se+ ions shows the range for Se+ is shallower than than for Be+ and the hal
width of profile for Se+ is narrow. It was shown that the formation of recoil atdrggazing ion inclence beam on an ideal
atomically smooth surface of a single crystal promotes itsHaydayer sputtering. In conditions of layby-layer sputtering it
is possible to achieve successive removal of layetwouitdisturbance of the nebayer at removal of the previous one.

At sufficiently small grazing angley (< 9°) the sputtering processes do not take place due to impossibility of ion
penetration through surface in the case of perfect suffadbe anglar range 8Oy O %tHe monotonous increasing of the
total sputtering yield is lsserved. The main coiilbution to the total yield is given by atoms of the first layer. Rather small
contibutions of second and third layers on the total yield are caused by reflection of atoms of these layers by top layers, i.t
atoms of deeper layers have additional collisiaiith atoms of top kgers and lose its energy. Maxima of angular distidn
are observed ai = § 100 and 266-280°. When ion falls on the surface at small angle of incidege2®), it goes into
surface semichannels and channels moving near the centrerpletshand gives the part of its energy to atoms of these
channels. As a result theseoms are ejected in the perpiécular diret i o n °( (& 9 B7rBovement of ion. This
dependence shows also that the main contribution to sputtering comes from firskt lagsrbeen shown that at grazing ion
bombardmentdue to movement of incident rioin surface semichannels and channels itime scattering and sputtering
processes have some pecitias. The elastic energy losses of the scattered particles are considerably smaller than the inelastic
ones in a region of glancing scatterifigne main ontribution to sputtering comes from first layer of the surfétceas shown
that in considered case the main peak of the implanted depth distributions is considetkly gtearange for Se is shallower
and the haHwidth of profile for Se is narrowhan that for Be. The obtained results allow to select the optimunbtaining
of implanted depth distrillions with demanded shape in narrow nganface area (20 atomic layers) of crystals.
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STRUCTURAL AND PHASE TRANSFORMATIONS IN EP -450 FERRITE-MARTENSITE DUAL PHASE
STEEL UNDER IRRADIATION IN BN -350

*Maksimkin O.P., *Turubarova L.G., *Tsai K.V. and ** Garner F.A.

* Institute of Nuclear Physics, National Nuclear Centre, Almaty, Kazakhstan
** Radiation Effects Consulting, Richland, WA, USA

In the present work, the studies of irradiatinduced microstructural changes, hydrostatic density and microhardness of
12Cr13Mo2NbVB were performed. The above mentioned material was used in hexagonal shroud of fuel assembly (regio
close to the edge) arid changes of crossection dimensions (distance between edges) on different heights from the center of
active3Z®bnemdf A+75 mmo, A+375 mmo) were also studied.

Advancedf uel as s elmbO3 $188 wadlii service in B30 fast neutron reactor for the period from 1989 to
1992 and worked for 485 effective days, damage dose atupuiwf 7.4%, i.e. 61.1 dpa at 520 MW and irradiation
temperatures of 36800 &. It was of nterest to estimate the scale of microstructural changes and variation of steel properties,
which influence material s working characteristics.

The obtained results show that radiation and thermal impact lead to phase recrystallization of steel whie dynam
rearrangements cause redissolution of carbides. As a result, optical micrographs show an increase in volume fradgon of ferri

with irradiation temperature. At l evel i+375mmd the vo
unirradiated conditions. Strongly correlated changes of density, microhardness and irréaatiaiied swelling of steel which
showed extremums at38and 61 dpa (level #A+75mmo) .

In addition, in the irradiated steel aligned chains of secondary phase pavidctesbserved which were located only at
the edge surface of shroud and were not observed at the face surface.

The work discusses effects of recrystallyzation on radiatidnced swelling of ferritenartensite steel, which
maximum value did not exceed38% according to profilometry and density data.

STUDY OF RELAXATION PROCESSES IN FIBER WAVEGUIDES

Amonov M.Z.

Institute of Nuclear Physics AS RU, Tashkent, Ulughé#hekistan

This work is dedicated to study of color centers (CC) and tteetinduced and thermal relaxation in quagizartz fiber
waveguides (FW) aftegrirradiation at low temperatures, by measuring of optic absorption spectra, and thermoluminescence
(TL) curves.

The girradiation of FVR300 type FW at 7§ starting from he dose of @0° R induces color in them, which density
increases with the dose gfrradiation. The absorption spectrum of irradiated samples one can observe the bands with peaks a
210, 255, 330 and a wide peak with complex structure at 550 nm. Thenadationed CC are nestable at 76 .

Non-induced relaxation of additional absorption bands (AAB) mainly occurs in 15 minutes, but their decrease rate is
different, which is apparently caused by different depth of charge traps.

Study of thermal relaxation of AAB shows that thermal relaxatf absorption bands at 210, 255, 330 and 550 nm
takes place differently.

Study of TL curves shows that Fivirradiated at 7§ have postuminescence. Intensity decrease of LB is observed
down to 85s and coincides with thermal relaxation of AB at 210 (gracenter). Further, one can observe peaks at 95, 103,
140, 170 and 258 on the TL curve.

Comparative analysis of ndnduced relaxation, thermal relaxation of AB and TL curves in FW gives an opportunity to
determine that within temperatures 0o£300¢s the hole centers are charge carriers in recombination processesnters do
not participate in the recombination processes in the mentioned temperature interval.
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THE EFFECT OF DIRECT g a AND REVERSED a- gMARTENSITE TRANSFORMATIONS ON VOID
SWELLING AND EMBRITTLEMENT OF AUSTENITIC STAINLESS STEELS

*Maksimkin O.P., *Aythozhin A.S. and ** Garner F.A.

* Institute of Nuclear Physics, National Nuclear Centre, Almaty, Kazakhstan
** Radiation Effects Consulting, Richland, WA, USA

Analysis of expemental and literature data gives an insight into the effeci-phase on processes of radiation
induced swelling and embrittlement of -8 stainless steels. Studies of the impact of fast neutrons on shrouds materials of
BN-350 reactor fuel assembliesopided new results on correlation of radiatioduced swelling, magnetic properties and
microstructural changes in 12Cr18Nil0Ti and 08Cr16Nil1Mo3.

It was suggested that in the interval of temperatures for neutron irradiatig®@20) and at doses lefisan 2025 dpa
in austenitic steelg a transformations may take place under irradiation, and martengitese forms and develops in defect
area of Frank | oops. This resul ts -dispersédmanegized hcostricturefwhighma r t
assumed to be related to the increase of incubation period for void formation and decrease of swelling effect.

Annealing at temperatures higher than 4D@auses disappearanceagphase during invers® gtransformations and
usually leads t@an increase in void swelling rate.

High temperatures>@00 ¢) and neutron irradiation doses lead to a significant depletion of austenite forming elements
in the solid solution, and as the result, material locally is inclinagl ta phase transformations which take place at cooling
from irradiation temperature t@om temperature. It could be assumed that the identfiptiase is the martensite formed in
metastable steel under thermal stresses caused by cooling.

As martensita-p hase is brittle, it could be concl wmdead etsihatango o
viscous and brittle transformations in steel are characterized by high (~10%) levels of swelling, which could be rblated to t
formation of martensite under deformation in the matrix between voids.

THE NUCLEAR REACTOR AU TOMATED CONTROL SYSTEMS

Kunakov S. , Muhamediev R., Chaiko E., Alipova B.

International University of Information Technologies, 34a ManasSt., Almaty, Kazakhstan
e-mail:s.kunakov@iitu.kz

ABSTRACT

In a digital computer controlled system it is posstiolenonitor several variables almost at the same time and control
the system which are very typical and the same in nature as in the controlled systems ruling the operation of noclear react
This is called a sampledhta control system.The purpose df fhaper is to draw attention of atomic energy station designers to
the fact thatAutomation Could Have Prevented the Nuclear Accident in Chernobyl and dagamroposals how to handle
such a problems and the solutions of which are coming from autorsgitems which are still not sufficiently applied to the
nuclear reactor control. Our task is to provide this solution with more user friendly interface, and exception handksg proce
must be applied to this project .All these solutions are entirely ctathewith information technologies and control automated
systems

GENERAL

Fist of alll i t 6s ne e dueldar powerissnatyableambe substitgte ibgolar,tgeéothérmat, h e
hydraulicenergy We shouldthoroughly investigate why we are not able to handle this problem and not to remove the nuclear
power by itself. We should try to understand and find the solution of this prolilésmossible Listed below are specific
designand control errors, which if corrected, could havevented the Fukushima accidelttis hard to believe that level
sensors were not provided in the reactors, suppression chambers, storage ponds and therefore the operators did bt know if
rods wereuncovered and to what extehh. future designs all safety shutdown systems should be fully automated and their
triggering should not dependent on the judgment of hesitant or panicked operators. In order for this to happen, opérators mt
have full confida@ce in the reliability of these systems. Therefore they must be well maintained and completely reliable, which
requires multiple backup sensohs.Fukusima accident many typical problems are revedfesater is present, it may boil,
bursting out of itpipes The fuel and reactor internals may mdlhe primary source of electricity was lost because the grid
was damaged by the earthquake. Backup power should have come from diesel generators, but they were at ground level
therefore stopped when thewtgflooded by the tsunami. The secondary sources of backup power were batteries. These

33



Nuclear Energy

batteries were undersized and quickly depleted. Tertiary backup was not provided and the design did not provide convenie
means of introducing water by water cannondropping water from helicoptersin order to make sure that cooling can not
be Il ost, a filast resorto backup system should havebldeen
energy source (electricity, steam, etc.) andsdoat contain any moving parts. Suchinterruptible energy source is gravity.
Therefore, cooling water tanks should be placed on top of the reactor buildings. These tanks should be sized to remove all t
heat that is released during a normal reactot gbwn. If faster heat removal is needed, the cooling rate can be increased by
air pressurization of the water tanks and if increased cooling capacity is needed, the tanks can be so designed tthat they car
conveniently refilled by water cannons, fire ereg or helicoptetd® r i or t o activating the abov
system, first a diesel generators should be automatically started and if they fail, the system should be automatieallyoswitch
battery backup that is sized large enoumbupply all electricity needed during the shut down.

In case of pressure buildup, neither hydrogen, nor steam should be allowed to be released into the atmospher
Therefore, fully enclosed external condensers should be provided outside the readtny.dtildgular power is unavailable,
the coolant for these external condensers should come from the gravity flow system on tiAdl theke technical steps
preventing accidents and ensuring safety actions might be controlled and perfectly comnilidtibysystems and likely
to them which are started to design in International University of Information Technologies.

[1] D.E. Knuth,The Art of Computer Programming Vol. 2: Seminumerical Metkeels
ond edition), AddsionWesley, Reading, Mass., 98
[2] Automated system DELTA/

THE REACTI ONg PWITHTHE $S; DIPROTON FORMATION IN THE GEV REGION

L3mambekov O2Uzikov Yu.N.

'Kazakh National University, Almaty, Kazakhstan;
ZJoint Institute for Nuclear Researches, LPN, Dubna, Megleg., Russian Federation

I'n the r ea ¢! whera{pgkds¥tHe prptdn pair in tH&, state at small excitation energy,J=<3 MeV, the
swave intermediate @a&N s tparityeconsewatioh ard lihe detheralized Pduli gulectaad osly i n
negati ve pariry @a@N states are al | o-sebdr.contfibuteom wHich rdeminatesn e
the similar reaction With st e nfsiirdelr abéd yt esruprgt. dmifs ¥, iti n ¢
would mean that ¢ %can giveenmor insightrinto shednfieoNNd y ma ni ¢ s, -mechanims ésat h e

nonshortr ange type one. However, t he g °creaertly measaredtat ANKE@CDSYt h e
facility [1 ] demonstr at diee buamp al beaarenesgy ~1E@BBRGeV for the cms diproton scattering angle
=0, The microscopical model by Ni skanen®{ @] trdgien, éilsn al |

to explain thé data. On the other hand, a simpler model with the bne® I °p " subprocesses (the epien-exchange)

allows one to explain the shape of energy dependence of the measured cross section at zero angle and beamZbergy 0.5
GeV, although slighy oversestimates its absolute value. Here we present the results of our analysys of the data [1] on the
basis the box diagram wi tisobar. We fpund ticat thee calcubated drodsesecaoh deoreases tho |
slowly with ncreamg beam energy when thaDklta$propagator is under the loop integral, whereas for the impulse
approximation the agreement with the data is rather good. We analize physical reasons for this unexpected behaviour a
found that the agreement with tata can be restored when the largesb#ll momenta ¢ 0.1 GeV/c of the haloff shell

t-matrix of the $pp&) scattering are not involved into the loop integral. Possible mechanisms for such a cutoff are
discussed.

1. Kurbatov V. et al. // Rys. Lett. B 661, 22 (2008).

2. Niskanen J.A. // Phys. LeB.642 34 (2006).

3. Uzikov Yu.N. in Proc: 19th International Baldin Seminar on High Energy Physics Problem, (September, 2008, Dubna),
Eds. A.N. Sissakian et al. (JINR, Dubna, Russia, 2008 pv 307; arXiv:0803.2342 [nuith]
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THERMOLUMINESCENCE OF QUARTZ OPTICS FIBERS WITH DIFFERENT CONCENTRATION
OF [ 1-GROUP

Amonowl.Z.

Institute of Nuclear Physics AS RU, Tashkent, Ulughd#ekistan

The postluminescence (PL), thermoluminescence curves (TL) and absorption spectra (AS) of Polymico maede quartz
quartz optic fibergrirradiated at 7% were studiedIt was discovered that the thermal relaxation center (210 nm) and PL
coincide and end at 85. Further heating of waveguides up to 298annot change the concentratiory of centers, however
at heating of waveguides up to 300 K concentratidncenters increases.

Our studies demonstrated that traps causgirgenters in quartguartz waveguides have deep levels and do not
participate in the recombination processes in the temperatures intervabb085 We have shown that within temperature
vaues of 85220s V,-centers are charge carriers in recombination processes. Their increase ata80Be explained by +e
trapping of some part of electrons at rradiative decay of electron center with absorption band at 250 nm.
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