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V Illopiuanky momaeTses iHpoOpMaIis mpo GhyH-
JAMEHTaJIbHI, HAYKOBO-TEXHIUHI Ta MPHUKJIAIHI pO-
00TH, 110 BUKOHYBINCH B [HCTUTYTI saepHUX Hd0-
crimkenb HAH VYxpainu B 2010 p. Jlo lopiuauka
YBIMIUIM aHOTalii poOIT 3a HampsMKaMHu: siAepHa
¢izuka, aTOMHa eHepreTHka, pafiauiliHa ¢izuka Ta
pamiamiiiHe MaTepiaJo3HaBCTBO, (i3MKa IUIa3MH,
PazIioeKOIIOTIsI Ta pamio0ioNoTiss; HABOIUTHCS Tepe-
JK CTPYKTYpHHX WiIPO3MIiIiB iHCTUTYTY, CIHCOK
myOmikamniii y pedepoBaHUX XKypHalax, JAOMOBimen
CIiBpOOITHHUKIB iHCTUTYTY Ha MIDKHAPOJIHUX KOH(eE-
PEHIIISX, HANAEThCS 1HQOpMAaNis mpo KoHQepeHiii,
Hapaau, npoBejeHi inctutyToMm y 2010 p., mani npo
MDKHapOJIHE CITIBPOOITHUIITBO IHCTUTYTY.
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TTepeamoea

2010 pix OyB 3HameHHMM Ui [HCTHTYTY smep-
Hux npociimkenb HAH Ykpainu. B mpomy pori iH-
CTUTYT Big3HauuB 40-piuys 3 JHS 3aCHYBaHHS Ta
50-pivyusi 3 MOYATKy eKCILTyaTallil JAOCHiTHUIIBKOTO
smepHoro peakropa BBP-M. Ilum momism Oymu
NPUCBSIYEHI HAyKOBi KoH(epeHIii, 3i0paHHs mpa-
[[IBHUKIB Ta BETEpaHIB IHCTUTYTy, HU3KA 3 SKHX
Oyna mHaropomkena [louecanmu BimzHakamu Ilpes3u-
nii ta Bimginenus sjaepHol (i3MKH Ta CHEPreTUKU
HAH Vxpainn.

VY 2010 potri iHCTUTYT TPOJIOBXKYBAB JTOCIiIPKEH-
Hs 32 (pyHAaMEHTAJIbHUMHU Ta MPUKIAIHUMH acIleK-
TaMH siiepHoi (i3UKH, aTOMHOT €HEpreTHKH, pajia-
uiitHoi (i3ukM Ta pagialiiHOro MaTepiallo3HaBCTBA,
panmiobionorii Ta pagaioeKoorii.

PoboTtu B ramysi sgepHoi (hi3MKM cTOCYBaiHCs
JUHAMIKU TIPOLECIB 3JUTTA-TOJUTY BaKKHUX SIIED,
JIOCTIKYBAITUCST BIIACTUBOCTI allb(ha-KIaCTEPHUX Ta
HEHUTPOHHO- 1 MPOTOHHOHAUIMIIIKOBUX SJIED, 130Mep-
Hi CTaHM Ta CTaHU KOJCKTHBHOI MPHUPOIU HEIapHO-
HENapHUX siJIep, CTBOPEHO HOBE 00N HAHHS 1 METO-
IUKA Ta OTPUMaHO HOBI pe3ylNbTaTH y BUBYCHHI
PI3HUX MPOIECIB po3Maay saep.

YV 2010 porti 3aBepIieHO MPOICC BUBES3CHHS Bifl-
[PaIbOBaHOTO SIICPHOTO TMAaHMBA JTOCIITHHIIBKOTO
SIIEPHOTO PeaKkTopa Ta OTPUMaHHS HHU3bKo30arade-
HOTO manuBa. B “rapsumx” kamepax IpoOJOBXKYyBa-
JTUCS TPelu3iiiHI  JTOCHI/DKeHHS 3pa3KiB-CBiAKiB
EHepreTUYHNX pPeakTopiB YKpaiHu A BH3HAUEHHS
pEaTbHOTO TEPMIHY MOXJIMBOI €KCILTyaTallii KopIry-
CiB peakTopa.

B o6macri panianiiiHoi (i3uku IOCIiIKyBaBCsS
BIUTMB Pi3HUX THIIIB ONMPOMIHCHHS Ha BIIACTUBOCTI
PEYOBUH, 1[0 3aCTOCOBYIOTHCS B SIICPHHUX Ta pajia-
[IHHUX TEXHOJIOTiAX, a00 € TEepPCHEeKTUBHUMH B
MPaKTUIHOMY 3aCTOCYBaHHI, Cepell HMX HaliBMar-
HITHI HamiBIPOBIAHWKH, OpTaHiuHI HEYOPSIKOBaHI
HaIMiBINPOBIAHUKY, KOHCTPYKLIHHI Marepiaiu Kop-
MyCIB SAEPHUX PEaKTOPiB, TOIIO.

B mgocmimkeHHSX, IO BIMHOCATBCS 0 00acTi
MIEPCIICKTUBHUX SIJACPHUX PEAKTOPIB, TEOPETUYHO
MOKa3aHO MO>KJIMBICTh PO3IIOBCIOKEHHS CTaIllioHap-
HOI XBHJII SIIEPHOTO TOPIHHS B CEPEIOBHIII, IO BiJl-
MIOBiJIa€ BiIIPAllbOBAHOMY SJCPHOMY IAJMBY, 3HAN-

Hupextop [HetutyTy simepaux pocnimkens HAH Ykpainu,

akanemik HAH Ykpainu

JICHO YMOBH Ta METOAM PETYJIIOBAHHS XBUII SJEpHO-
IO TOPiHHSL.

B ramysi ¢i3uku mia3Mu Ta TEPMOSIIEPHOTO CHH-
TE3y BUSBJICHO HOBHM MEXaHI3M 4YacOBOI €BOJIIOLIT
YaCcTOTH KOJMBaHb y IJIa3Mi — 3MiHa JOIUIEPOBOTO
3CyBY, IO BiJOYBa€ThCS BHACTINOK 3MiHH YacTOTH
obepTaHHs IUIa3MH TIPH PO3BUTKY HECTIHKOCTEH;
NPOJEMOHCTPOBAHO  MOXJIMBICTH  JiarHOCTHKH
IIBUJIKMX 10HIB B TOKaMaKax 3a JIOTIOMOTOI0 aHAIli3y
raMMa-BHIIPOMIHIOBaHHS, BHUKJIWKAHOTO SIEPHUMHU
PeaKIis MU TaKUX 10HIB 13 I0HAMH JOMIIIOK TUIA3MU;
AQHAJIITHYHO 3HAHIEHO YMOBH, 3a SIKHUX €JIEKTpOCTa-
TUYHE T0JIe, MO 30yIKYETHCSI 30BHINTHBOIO CHUCTE-
MOIO €MHICHOT'O THITY, 37]aTHE €()eKTUBHO NMPOHUKA-
TH B TYCTY MarHiTOakTHBHY IJIa3My 1 MPHCKOPIOBa-
TH €JIIEKTPOHH, 110 MOKHA BUKOPHUCTATH JIJIS pO3pO0-
KM TUIa3MOBOTO JIBUTYHA; PO3POOJIEHO HOBE KOM-
MaKTHE €KOHOMIYHE JKEpeno, 3JaTHE CTBOPIOBATH
TyCTi IOTOKH TIJIa3MHU.

B ramysi panioexororii Ta pazmio6iosorii po6oTu
iHCTUTYTY Y 2010 pOIIi CTOCYIOTHCS CTBOPEHHS CTa-
TUCTUYHUX METOIMK PpO3paxyHKy KOHTPOJBHUX
PiBHIB, €KCIIEpUMEHTAILHOTO BH3HAUYEHHS Koediri-
€HTIB TEPEX0Ay PaTiOHYKIIIB MK Pi3HUMH 0i0J10-
rIYHUMHU 00’ €KTaMH, TOILO.

VY 2010 p. HAYKOBISIMH 1HCTHTYTY 3aXHUIIEHO TPU
IrcepTarii Ha 3M00yTTS BUCHOTO CTYIICHS JOKTOpa
HayK 3a CHeI[aJIbHICTIO (i3uKa aTOMHOrO spa,
€JIEMEHTApPHUX YaCTUHOK 1 BHCOKMX €HEprii Ta 4o-
THPU KaHAUAATCHKI THUCepTarlii 3a CIemialbHOCTIMU
¢izuka aTOMHOTO sA1pa, eJICMEHTAPHUX YaCTUHOK i
BUCOKHX E€HEprii, (i3uka mia3mu, TeIIoBi Ta SAepHi
E€HEPrOyCTaHOBKA Ta NPUHHATO A0 3aXUCTy TpHU
KaHIUJATCHKI TUCepTaIlii.

VY 2010 p. iHCTUTYT ycHiIIHO MpoOBiB 3-10 Mixk-
HapoAHY KOH(epeHIio “AKTyanbHi MpodiieMu sije-
pHOT (Qi3UKU Ta AaTOMHOI EHEPTEeTUKH , B AKiN B3N
yuacTp Onmu3bko 200 iHO3eMHHMX Ta YKpaiHCHKHX
BYCHUX.

Binpm neranpHa iHpoOpMalis mpo HaBa>KIMBIMI
HayKOBI 37J00yTKH CIIBPOOITHUKIB IHCTHUTYTY 3a
2010 p. mHaBoguTbesa B manomy Ulopiuamky. Criomi-
BalOCh, [0 YATAYl 3MOXKYTh 3HAUTH B HHOMY I[IKaBY
Ta KOpHUCHY AJ1s cebe iHpopmariito.

1. M. Bunnescbkuit

[ToBHuit Texct Lllopiuanka po3mimeHno Ha BeO-cTopini http://www.kinr.kiev.ua/Annual report/report10.pdf
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BIJIUIN TA JIABOPATOPIT

SnepHo-@isuuHi yctaHoeku / Experimental installations

uxnorpon Y-120
3aBimyBad — KaHM. ¢i3.-MaT. HayK,
A.€. bop3akoBcbkuit
Hocainnnubkuii peakrtop BBP-M
I'onmoBnwMit imkerep B.M. MakapoBChKHiA
I3oxponHuii HMKIOTPOH Y-240
3aBigyBay — kaHg. (i3.-MaT. HayK,
0O.€. Banbkos
EnexkTpocTaTuyHMi nepe3apaaHuii
npuckoproBay (tangem) EI'TI-10K
B.o. 3aBimyBaua — moxTop (pi3.-MaT. HayK,
c. H. c. B.B. Ocramko

Cyclotron U-120
Head - Candidate of Phys.-math. Sciences
A.E. Borsakovsky

Research Reactor WWR-M
Chief engineer - V.M. Makarovsky

Isochronous Cyclotron U-240
Head - Candidate of Phys.-math. Sciences
0O.E. Valkov

10 MV Electrostatic Tandem Accelerator
Head - Doctor of Phys.-math. Sciences
V.V. Ostashko

Bianinu ta na6opartopii / Departments and laboratories
Cexuia apepHol gisuku / Nuclear physics section

Binaia Teopii aapa
3aBimyBad — noKTOp (i3.-MaT. HayK, wieH-kop. HAH
Ykpainn, mpodecop B.M. Komomiern

Binain sanepHoi ¢izuku
3aBigyBad — NOKTOp ¢i3.-MaT. HAYK,
c. 1. ¢. 1.O. Kopx

Binain sanepHoi cnekTpockomii
3aBigyBad - TOKTOp (i3.- MaT.HAYK,
c.H. ¢. B.T. Kynpsmkin

Binain crpykrypu siapa
3aBigyBau — TOKTOp (pi3.-MaT. HayK, akageMmik HAH
VYxpainu, npodecop [.M. BumneBchkuit

Binain ssnepHux peakuii
3aBijgyBad — TOKTOp (i3.-MaT. HAYK,
c. H. ¢. lO.M. IlaBnenko

Binain Teopii smepHMX peakmii
3aBijgyBay — TOKTOp (i3.-MaT. HAYK,
npogecop K.O. Tepenenpkuii

Binain ¢izuku JenToHiB
3aBigyBad — TOKTOp (i3.-MaT. HAyK,
c. H. c. ®.A. [laneBuy

Bignin nonspu3aniiiHux nponecis
3aBigyBad — TOKTOp (i3.-MaT.HAYK,
c.H.c. FO.B. Kibkaino

Binain ¢izuku Baxkkux ioHiB
3aBigyBad — TOKTOp (i3.-MaT. HAYK,
npodecop A.T. Pymunk

Binain sinepHo-aTOMHHX npoieciB
3aBimyBau —10KTOp (hi3.-MaT. HayK,
npogecop O.1. Jleron

Bignin ¢iznkmu BucokuX eHepriii
3aBigyBad — MOKTOp (Di3.-MaT. HaYK,
npodecop B.M. Ilyraua

Bignin sanepHoi enekTpoHiku Ta 3ac00iB aBTO-
MaTu3amii. 3aBigyBay — JIOKTOp TEXH. HayK,
c. H. c. A.II. Boiitep

JlaGopaTopisa 4acoBoro aHamii3y siiepHuX
npouecis. 3aBigyBad — JOKTOp (i3.-MaT. HayK,
npodecop B.C. OnbxoBChKHit

IIIOPIYHUK - 2010

Nuclear theory department
Head — Corresponding Member of National Aca-
demy of Sciences of Ukraine, Prof. V.M. Kolomietz
Department of nuclear physics
Head — Doctor of Phys.-math. Sciences
1.O. Korzh
Nuclear spectroscopy department
Head - Doctor of Phys.-math. Sciences
V.T Kupryashkin
Nuclear structure department
Head — Member of National Academy of Sciences
of Ukraine, Prof. .M. Vishnevsky
Department of Nuclear Reactions
Head — Doctor of Phys.-math. Sciences
Yu.M. Pavlenko
Nuclear Reaction Theory Department
Head — Doctor of Phys.-math. Sciences,
Prof. K.O. Terenetsky
Lepton Physics Department
Head — Doctor of Phys.-math. Sciences
F.A. Danevich
Department of polarization phenomena
Head — Doctor of Phys.-math. Sciences
Yu.V. Kibkalo
Department of heavy-ion physics
Head — Doctor of Phys.-math. Sciences,
Prof. A.T. Rudchik
Department of Nuclear-Atomic Processes
Head — Doctor of Phys.-math. Sciences,
Prof. A.L. Levon
High Energy Physics Department
Head — Doctor of Phys.-math. Sciences,
Prof. V.M. Pugatch
Nuclear Electronics and Automatic Means
Department. Head - Doctor of Techn. Sciences
A.P. Voiter
Laboratory for time analysis of nuclear
Processes. Head - Doctor of Phys.-math. Sciences,
Prof. V.S. Olkhovsky



BIJIUI TA JIABOPATOPII

Cexuia aTomHOi eHepreTuku / Atomic energy section

Bingin Teopii sgepHux peakTopin
3aBigyBad — JOKTOp (i3.-MaT. HAyK,
npodecop B.M. I1aBnosuu

Binaisn qocainHUIbKOro AIEPHOTO peaKkTopa
3aBigyBay — 1OKTOp (i3.-MaT.HAYK,
unen-kop. HAH Ykpainu B.1. Cricenko

Binain veiiTponnoi ¢izuku
3aBimyBad — kaHx (i3.-MaT. HayK,

c. H. ¢. 0.0. I'pumaii

Binain mpo6sem go3umetpii saepHux

peakTopiB
3aBigyBad — KaHauAatT (i3.-mMaT. HayK
B.M. bykaHos

HapuyanbHuil HeHTP 3 (PI3NYHOIO 3aXHUCTY,
00JIiKy Ta KOHTPOJIIO SIIEPHOT0 MaTepiay
3aBigyBay — kaHA. (i3.-MaT. HAYK
B.1. I'aBputok

Department of the Nuclear Reactor Theory
Head - Doctor of Phys.-math. Sciences,
Prof. V.M. Pavlovych
Department for Nuclear Research Reactor
Head — Corresponding Member of National Acad-
emy of Sciences of Ukraine V.I. Slisenko
Neutron Physics Department
Head — Candidate of Phys.-math. Sciences
0.0. Gritzay
Department of the Nuclear Reactor Dosimetry
Problems
Head — Candidate of Phys.-math. Sciences
V.M.Bukanov
George Kuzmycz Training Center for Physical
Protection, Control and Accounting of
Nuclear Material
Head — Candidate of Phys.-math. Sciences
V.1.Gavryliuk

CexUia papiauiiHoi i3uku Ta paaiauiiHoro / Radiation physics and radiation material

MOTepiaﬂO3HOBCTBG

Bingin reoperuunoi ¢izukn
3aBigyBau — NOKTOp (i3.-Mat. HayK, wieH-kop. HAH
Vkpainu, npopecop B.M. Cyrakon

Binain pagianiiinoi ¢piznkn
3aBigyBad — TOKTOp (i3.-MaT. HAYK,
npogecop IL.I. JlutoBueHKO

Binain pagianilinoro marepiajio3HaBcTBa
3aBigyBad — KaHAUAAT (Pi3.-MaT. HAYK,
JL.I. Yupko

science section

Department of Theoretical Physics
Head - Corresponding Member of National Aca-
demy of Sciences of Ukraine, Prof. V.I. Sugakov
Department of radiation physics
Head - Doctor of Phys.-math. Sciences,
Prof. P.G. Litovchenko
Department for radiation material science
Head - Candidate of Phys.-math. Sciences
L.I. Chyrko

Cekuia isuku nnasmm / Plasma physics section

Bingin Teopii sgepHoro cuHTE3y
3aBimyBad — TOKTOpP (i3.-MaT. HayK,
npodecop f.1. Konecauaenko

Binain Teopii miazmm
3aBigyBad — TOKTOp (i3.-MaT. HAyK,
c. H. ¢. K.II. Hampait

Binain ¢izuku niazmu
3aBigyBad — kaH. (i3.-MaT. HayK
A.T'. Bopucenko

Fusion Theory Division
Head — Doctor of Phys.-math. Sciences,
Prof. Ya.l. Kolesnichenko

Plasma Theory Department
Head — Doctor of Phys.-math. Sciences
K.P. Shamrai

Plasma Physics Department
Head - Candidate of Phys.-math. Sciences
A.G. Borisenko

Cexuia papioexkonorii Ta paaiobionorii / Radioecology and radiobiology section

IeHTp exoJIOriYHMX NMPosIeM
ATOMHOI €eHepreTuKu
3aBigyBay — kaHg. (i3.-MaT. HayK,
c.H.c. B.B.Tpumun
Binais pagio6iosorii i pagioexoJiorii
3aBigyBad — JOKT.010JI. HAyK,
c. H. ¢. A.L. JIunceka

Center for ecological problems

of atomic energy
Head — Candidate of Phys.-math. Sciences,
V.V. Tryshyn

Radiobiology and radioecology department
Head — Doctor of Biol. Sciences,
Al Lypska

IHCTUTYT AJEPHUX JOCJIPKEHb HAH YKPATHU
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GIANT NEUTRON HALO IN NUCLEI BEYOND BETA-STABILITY LINE

V.M. Kolomietz, S.V. Lukyanov, A.I. Sanzhur

Ingtitute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

In the vicinity of the beta-stability line, the average
changes in binding energy E and nuclear radius R
with nucleon content obey the saturation properties.
The volume part E,, of binding energy and the nu-

clear volume itself are proportional to the particle
number A with E, =-h,A and R=r,A"”, where

b, >0 and r, are constants. Both values of b, and r,

depend, however, on the isotopic asymmetry parame-
ter X=(N—-2Z)/(N+Z). This dependence comes

from the difference in saturation bulk density,
P, ~ 1, , for nuclei with different values of X . The

saturation density p, becomes smaller beyond the

beta-stability line for neutron-rich nuclei where more
neutrons are pushed off to form the "neutron coat".
One can expect that the growth of neutron skin in neu-
tron-rich nuclei violates the saturation property
R~ A" for the nuclear radius providing an existence
of neutron halo (giant neutron halo) effect.

In this work we study the deviation of neutron dis-
tribution from the saturation behavior in neutron-rich
nuclei. We study the influence of spin-orbit and Cou-

lomb forces on the neutron, <rn2> , and proton,

\ l<rj> , root mean square radii as well as the relation

of the shift \/@ —\/@ to the surface symmetry

energy. We study the problems related to the nucleon
redistribution within the surface region of the nucleus
and, in particular, the neutron coat and the neutron
excess for the nuclei beyond the beta stability line.

We combine the extended Thomas-Fermi ap-
proximation (ETFA) and the direct variational method
assuming that the proton and neutron distributions are
sharp enough, i.e., that the corresponding densities
p,(r) and p, (r) fall from their bulk values to zero

within a thin surface region. In our consideration the
thin-skinned densities p,(r) and p,(r) are generated

by the profile functions which are eliminated by the
requirement that the energy of the nucleus should be
stationary with respect to variations of these profiles.

LIOPIYHUK - 2010

In Figure we have plotted the rms radii of neu-
tron distribution calculated as a function of A. The

deviation of 1l<l‘n2 > from the saturation behavior

~ A obtained for the spherically symmetric nu-
clei, demonstrates the appearance of giant neutron
halo when approaching the drip line. To extract a
simple geometrical change of the radii we have
made calculations with a step neutron distribution
P (1) = p,,0(r —=R)), where the radius of the neu-

tron distribution has saturation behavior
R, =1,,A”. The results of the calculations are

shown in Figure by the solid lines. As one can see
from the figure the solid lines are very close to the
beta-stability line. The difference between the
dash-dotted and solid lines gives the value of the
polarization effect.
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The rms neutron radii beyond the beta-stability line for
spherically symmetric nuclei *Na, *’Ca, *'Zr and ***Pb

1. V.M. Kolomietz, S.V. Lukyanov, and A.l. Sanzhur,
Nucl. Phys. At. Energy. 11, 335 (2010).
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CANYON SRUCTURE OF SYMMETRY ENERGY COEFFICIENT

V.M. Kolomietz, A. 1. Sanzhur

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

We study the symmetry energy coefficient b~ as

a function of neutron excess D =N —-Z and the de-
pendence of the P-stability line on the mass num-
ber Aat the fixed asymmetry parameter X =D/A.
We use the procedure of extraction of the symmetry
coefficient and the position of the B-stability line from
the isospin shift of neutron-proton chemical potentials
AAd=2,— A, [1]. The chemical potential shift A4 is

written as

AAl4=(b,, +e)(X—-X")=
= (b, +&)X —& . 1

Here X' = X'(A) is the B-stability line obtained by a
minimization of the nuclear binding energy per nu-
cleon E/ A for a given mass number A and & is the
Coulomb energy coefficient given by
E./A=e.(A(1-X)*, where E is the nuclear Cou-
lomb energy. The value of A4 can be evaluated with-
in the accuracy ~1/ A’ using the finite differences
based on the experimental values of the binding en-
ergy per nucleon. It was shown [1] that linear depend-
ence AA on X is reproduced quite well experimen-
tally and Eq. (1) allows us to extract the values of
quantities b, & and X" for a given mass number

A. The dependency of the symmetry energy coeffi-
cient b~ on the mass number A along the B-stability

line shows the strong shell oscillations with the ampli-
tude of about 15 %. The curve X (A) has the non-

monotonic (sawtooth) shape as a function of the mass
number and achieves the local maxima nearby mass
numbers 24, 48, 84, 133, and 208.

To make the shell oscillations in X'(A) more
transparent with respect to the well-known magic nu-
cleon numbers, we have considered the value of AA
at fixed neutron excess. As seen from Eq. (1), for the
zero neutron excess the value of A4 is not affected by
the symmetry energy and completely determined by
€. . Using the available data with D =0 we have es-
timated

e =0207 A -0.174 A" . )

The symmetry energy coefficient b, as a func-

sym
tion of mass number and neutron excess is shown in

Figure. As seen from Figure, the surface of b,

ym
has canyon-like behavior. Considering the sections
of the surface at fixed D, one can see that the
width of such “canyon” depends on the value of
the neutron excess. Canyons become thinner with
increase of D. The walls of the canyons where

b,, changes sharply correspond to the proton and

neutron shell closures. The value of A for the cen-
ter of the canyon bottom does not depend on D
and correspond to the double (proton-neutron)
magic number.

40

Symmetry energy coefficient b, ~(in MeV) as a func-

tion of the neutron excess D and mass number A.
Thick line corresponds to the value of by, along the

[B-stability line.

To check the above reasoning with the shape of
B-stability line we consider the sequence of the
nucleon magic numbers: 8, 20, 28, 50, 82, and 126.
From this sequence, one should expect special behav-
ior of X"(A) nearby the following values of mass

number A=N+Z: 28, 48, 78, 132 and 208. We
note that mass numbers of local maxima in
B-stability line does not exactly follow double ma-
gic numbers. Moreover, they demonstrate only near-
ly closed shells for neutrons and protons except
A=208. Nevertheless, one still can state that, at
least approximately, there exists the correlation be-
tween the positions of maxima of the function

X“(A) and double magic mass numbers.

1. V.M. Kolomietz and A. I. Sanzhur, Phys. Rev. C 81,
024324 (2010)

8 IHCTUTYT SJIEPHUX JOCJIJDKEHb HAH YKPATHU



SANEPHA OI3UKA

EFFECTS OF SELF-CONSISTENCY IN SEMICLASSICAL PAIRING THEORY

V.L Abrosimovl,

D. M. Brink’, A. Dellafiore’, F. Matera®

Y Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
2 Oxford University, Oxford, United Kingdom
3 |stituto Nazionale di Fisica Nucleare, Sezione di Firenze, Firenze, Italy

Following [1] and [2], we use a semiclassical ap-
proximation to study the effects of pairing on the nu-
clear response. The semiclassical approximation is
valid when kR > 1, a condition which is well

satisfied in heavy nuclei (k: is the Fermi wavenum-

ber and R is the nuclear radius).

A kinetic equation valid for systems with pairing
can be obtained by taking the Wigner transform of the
time-dependent Hartree - Fock - Bogoliubov  equa-
tions of motion in the density-matrix formulation and
neglecting terms of order %>, or higher. This proce-
dure leads to four coupled differential equations of
motion for the functions f(r,p,t), f(r,—p,t),
x(r,p,t), A(r,p,t). The single-particle distribution
f(r,p,t) is real, while the Wigner-transformed pair-
ing tensor x(r,p,t) and pairing field A(r,p,t) are
complex in a time-dependent situation. The functions

x(r,p,t) and A(r,p,t) are related by a self-
consistency relation that we consider in the form
K(r, p,t) 1
=1. 1
gj [ A(r,1) pz/mJ O

Here g is a parameter determining the strength of the

pairing interaction. We have assumed that the
p -dependence of the dynamic pairing field can be

neglected.

Since we are interested in the linear response of
nuclei, we assume that our system at time t=0 is
acted upon by an external weak driving field. As a
consequence of this external perturbation, the
functions f , x, A at t>0 will oscillate about their

values and the small-amplitude
oscillations df , 0k, OA are the object of our study.

Thus, by considering small fluctuations of
x(r,p,t) and A(r,t) about their equilibrium values,

equilibrium

from Eq. (1) we get

Jarf dp[am PO-K DG ;)] 0o @

where the equilibrium quantities x,(r,p) and

A,(r)=A arereal, while ox and JA are their com-

plex fluctuations.
If we make the further reasonable assumption that
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the fluctuations of the pairing field are proportional
to the external driving field Q(r),

OA"(r,t) = F(1)Q(r), dA'(r,t) =F'(HQ(r), (3)
then in spherical nuclei, after taking the Fourier
transform in time, we can find

Fl(@=0, F'(o)= n% )

The solution (4) is of interest because, by using
this solution, we can check that the fluctuations of
the imaginary pairing field are essential to restore
the particle-number symmetry and to give the cor-
rect value of the energy weighted sum rule (the
same as in normal systems).

6

S(#hw)[10° fm*/MeV]
[/h] I

M

I

H

i

4 I3

F i

i
- 3

0 5 10 15 20 25 30
fiw [MeV]

Quadrupole response function for A=208 nucleons
confined to a spherical cavity of radius R=1.2A"fm .

The full curve includes the effects of pairing, while the
dashed curve is for a normal system.

We conclude this communication by showing
the effects of pairing on the semiclassical quadru-
pole density response function. Figure gives an
indication of the kind of effects that are to be ex-
pected in Pb isotopes.

1. M. Urban, P. Schuck, Phys. Rev. A 73, 013621
(2006).

2. V.I. Abrosimov, D.M. Brink, A. Dellafiore,
F. Matera, Nucl. Phys. A800, 1 (2008).
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THE OPTIMAL SHAPES OF ROTATING NUCLEI
F. A. Ivanyuk

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

Following the idea of Strutinsky [1] the shapes of
rotating nuclei are calculated in a model independent
way. We consider a deformed rotating drop with a
uniform mass and charge distribution. The potential
energy for the given shape of the surface is given by

ELD = E + ECouI + Erot ’ (1)

surf

where Eqyt, Ecou and E;q are respectively the surface,
Coulomb and rotational energies. The rotation energy
is taken as the square of the angular momentum L di-
vided by twice the rigid body moment of inertia J,

E,=L/2J, Jz%jrfdv, )

where r, is the distance of the volume element dV to

the rotation axes.

We define the shape of rotating nuclei using Stru-
tinsky’s prescription for the so-called optimal shapes
[1]. In the case of axial symmetry one can determine
the shape of the liquid drop by rotating some profile
function p(z)around the symmetry axes. Since the

liquid drop energy E,p is a functional of p(z) one can
define p(z)by variation of Ep with respect to
p(2) under the constraint of fixed volume,

9 [ —AV]=0.

5 3)

The Eq. (3) can be solved in the same way as in the
case of a nonrotating drop [2, 3]. By solving (3) one
gets the class of profile functions p(z) (we call them

optimal shapes) depending on one parameter Yy p =
Ero™ / Eq™. The deformation energy E.p - E o™
calculated with these optimal shapes is shown in Fig. 1.

The characteristic feature of this plot it the presence
of the two branches of the deformation energy. The
condition S[E ,—AV]/ dp=0 is fulfilled both at the

minimum and maximum of the energy. By solving
Eq. (3) one gets the solutions with correspond both to
minimum or maximum of the energy. The lower branch
in Fig. 1 corresponds to the ground state configuration,
and the upper branch corresponds to saddle point. The
difference between upper and lower branches of the
deformation energies is the barrier height at given y,p.
The maximal value Y at the right end of the curves
correspond to vanishing fission barrier. In the left part
of Fig. 2 the maximal value Y is shown as function of
fissility parameter X p = Ecou™ / 2Eqys ™. As one
could expect the Yy« decreases with growing X p and
turns into zero at X,p = 1.

0.2

0.2
x =0 01
0.0
0.2 -0.1
-0.2
0.0
0.015

0.2 04

0.010
0.005
0.000
010 0.15 0.20 0.00 0.01 0.02 0.03
Yo Yio

Fig. 1. The dependence of the energy E,p - E_p*™ on the
rotation parameter Y p for few values of fissility parameter.
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éO.G— %75
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LD
Fig. 2. Left: The dependence of the maximal value of
rotational parameter Yy p on the fissility parameter X p.
Right: The angular momentum L,y at which the fission
barrier vanishes as function of the mass number A

The dependence Ymax(X.p) can be converted into
the dependence of the maximal angular momentum
Lmax on the mass number A along the beta stability
line. The dependence Lyux(A) is shown in the right
part of Fig. 2. It looks very similar to the analogous
quantity obtained in [4], Fig.15.

Summarising, we conclude that Strutinsky’s
theory of optimal shapes offers a useful tool for
investigation of potential energy surface in liquid-
drop type models. The optimal shapes allow testing
different shape parameterizations of the surface of
fissioning and rotating nuclei. The account of axial
asymmetry in the optimal-shape theory allows to
study in details the Jacobi transitions and Poincare
instabilities [5].

1. V.M. Strutinsky, N.Ya. Lyashchenko, and N.A. Po-
pov, Nucl. Phys. 46, 659 (1963).

2. F.Ivanyuk, Int. J. Mod. Phys. E 18, 130 (2009).

3. F.Ivanyuk and K. Pomorski, Phys. Rev. C79,
054327 (2009).

4. S. Cohen, F. Plasil, and W.J. Swiatecki, Ann. Phys.
(N.Y.) 82, 557 (1974).

5. J. Bartel, F. Ivanyuk, and K. Pomorski, Int. J. Mod.
Phys. E 19, 601 (2010).
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SEMICLASSICAL SHELL-STRUCTURE IN ROTATING FERMI SYSTEMS

A. G. Magner', A.S. Sitdikov?, A. A. Khamzin®, J. Bartel®
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3| nstitut Pluridisciplinaire Hubert Curien, CNRYIN2P3, Université Louis Pasteur, Srasbourg, France

The collective moment of inertia (MI) ©, is de-
rived analytically within the cranking model for any
rotation frequency @ of the harmonic-oscillator
(HO) potential well and at a finite temperature T for
the rotation perpendicular to the symmetry axis z.
Semi-classical shell-structure components of the
collective MI §©, are obtained for any potential by
using the periodic-orbit theory. We found semi-
classically their relation to the free-energy shell cor-

Fig. 1. Shell-structure free energy JF (in HO units 7@, )

as function of the particle number variable A" for the
critical deformations 7=®, /@w,=1,1.2, 2 at a tempera-

ture of T =0.1%@,; QM (solid) is the quantum and SCL
(dots) the semiclassical calculations.

rections JF through the shell-structure components
of the rigid-body MI §@" of the statistically equi-
librium rotation in terms of short periodic orbits.
Thus, one finds approximately §© oc §O" o< SF ,
as shown in Figs. 1 and 2 for the HO case.

The shell effects in the MI ©, exponentially dis-
appear with increasing temperature T . As seen from
Figs. 1 and 2, for the case of the HO potential one
observes a perfect agreement of the semiclassical
and quantum shell-structure components of the free
energy OF and the MI 00O, for several critical bi-

furcation deformations 77 and several temperatures.

IIOPIYHUK - 2010

Within the generalized cranking model, for the
collective MI ©,, we obtained the spherical limit

©, for alignment of the individual angular mo-

menta of particles along the symmetry axis Z.

It would be worth to apply general points of this
semiclassical theory to the shell corrections of the
MI for the spheroid cavity and for the inertia pa-
rameter of the low-lying collective excitations in
nuclear dynamics involving magic nuclei.

Fig. 2. Moment of inertia shell correction 6©, (in units
h/@,) for the perpendicular rotation as function of the

particle number, A", at temperatures T =0.1 and
0.2 ha, ; QM (solid) is the quantum and SCL (dots) the

semiclassical calculations; the thin dotted line shows the
contribution of 3D orbits, the thin dashed line the contri-
bution of EQ orbits for a temperature T =0.1 and broad
dashed line the one of EQ orbits for T =0.2%q, .

1. A.G. Magner, A.S. Sitdikov, A.A. Khamzin et al.,
Nucl. Phys. At. Energy, 10, 239 (2009).

2. A.G. Magner, A.M. Gzhebinsky, A.S. Sitdikov et al.,
Int. J. Mod. Phys. E 19, 735 (2010).

3. A.G. Magner, A.S. Sitdikov, A.A. Khamzin, and
J. Bartel, Phys. Rev. C, 81, 064302 ( 2010).

4. A.G. Magner, A.S. Sitdikov, A.A. Khamzin et al.,
Phys. Atom. Nucl. 73, 1398 (2010).
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SHELL STRUCTURE AND ORBIT BIFURCATIONS IN FINITE FERMION SYSTEMS

A. G. Magner', L S. Yatsyshyn', K. Arita’, M. Brack®

Y Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
2 Department of Physics, Nagoya | nstitute of Technology, Nagoya, Japan
3 Ingtitute for Theoretical Physics, University of Regensburg, Regensburg, Germany

A semiclassical theory is presented which sup-
ports the treatment of orbit bifurcations and allows
studying their role in shell structure. We first give a
short overview of semi-classical trace formulae,
which connect the shell oscillations of a quantum
system with a sum over periodic orbits of the corre-
sponding classical system within the so called peri-
odic orbit theory.

We then deal with a case study in which the gross
features of a typical double-humped nuclear fission
barrier, including the effects of mass asymmetry, can
be understood semiclassically in terms of the short-
est periodic orbits of a cavity model with realistic
deformations relevant for nuclear fission. We have
studied the quantum-mechanical shell-correction
energy as function of particle number and elongation
deformation parameter (for zero neck and asymme-
try parameters). The lines of constant actions of the
leading orbits, which follow the valleys of minimal
energy, show the dominating influence of the short-
est triangle orbit lying in meridional planes contain-
ing the symmetry axis at small deformations. The
simplest diameter and triangle orbits lying in the
equatorial plane, and orbits in parallel planes bifur-
cating from them, are dominating the shell structure
at larger deformations and in the super-deformation
region, respectively. The Fourier transform of the
quantum level density shows peaks at lengths corre-
sponding to the dominating periodic orbits. The bi-
furcating orbit peaks are a quantum evidence of the
physical relevance of bifurcations and their impor-
tance for understanding the nuclear gross-shell struc-
ture which leads, e.g., to the existence of the fission
isomer in **’Pu at the elongation deformation
c=14.

Next we investigate shell structures in a spher-
oidal cavity model which is integrable and allows
for far-going analytical computation. We show, in
particular, that period-doubling bifurcations in this
model are closely connected to the existence of the
so-called "'super-deformed" energy minimum which
corresponds to the fission isomer of actinide nuclei.

Finally, we present a general class of radial pow-
er-law potentials V(r) < r” which approximate well

the shape of a Woods - Saxon potential in the bound
region for large enough «, and give analytical trace
formulae for it. Various limits (including the har-
monic oscillator and the spherical box potentials) are
discussed. In Figure, for the example in two dimen-
sions, we show a nice agreement of the semi-
classical and quantum-mechanical shell-correction
energies OE as functions of the particle number
N for the two critical bifurcation values o =7 and
4.25. These values are noteworthy because the tri-
angular and star like orbits there appear through bi-
furcations of the once and twice repeated circular
orbits, respectively.

Shell-correction energy JE vs. particle number parame-

ter, N">, at =7 and 4.25 in units of &% where
g=3(a-2)/2(a+2); QM (solid line) is the quantum
result using the shell-correction method; ISPM (dotted
line) is the semi-classical result using the improved sta-
tionary-phase method.

1. A.G. Magner, L.S. Yatsyshyn, K. Arita, and M. Brack,
LNL-preprint - arXiv: 1012.0832 [nucl-th], 2010; Ibid.
Submitted to Phys. Atom. Nucl.
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THE INTERNAL EXCITATION OF THE GAS OF INDEPENDENT PARTICLES
IN A TIME DEPENDENT POTENTIAL
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! Andrzej Soltan Institute for Nuclear Studies, Otwock-Swierk, Poland
Z|ngtitute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

The order-to-chaos transition in the dynamics of
independent classical and quantum gas of particles
was studied by means of the computer simulations
within the nuclear model based on the time-
dependent mean-field approach. The excitation of
the classical gas for containers whose surfaces,

R(8,t) = R [1+a, (t)P,(cos§) + ¢ (t)P (cos 8)] A7 (1),
are rippled according to Legendre polynomials P, is

followed for twenty periods of oscillations. Here
A(t) is a normalization factor ensuring volume con-

servation and ¢ (t) stands for keeping a fixed posi-

tion of the center of mass for odd multipolarities N
of vibrations. R, is the radius of the equivalent

sphere and «, (t) = o, + & cos(at) where ¢, is the
static deformation and « ,=a./(2N+1)/5is the

vibration amplitude.

I
B a,=0 0=0.05 \
)
08— o —
=
Q
[
;_u; 0.01
g 0al S 0.02 B
e 0.05
<
02— —
0 WALAUALALN SN S A LA AALLN AL
0 2 4 6 8 10 12 14 16 18 20

T

Fig. 1. The classical P, dynamical simulations in units
of the wall formula value AE(t=20T) of the excitation
energy AE as functions of the time t in units of the
time period T for vibrations around the spherical equi-
librium shape &, =0 with a small amplitude o =0.05
and adiabaticity parameter values 77=awR,/v; =
=0.01, 0.02 and 0.05, v is the Fermi velocity.

For different vibration frequencies @ of a small
amplitude ¢ of such a container near the spherical
equilibrium shape we obtained for the classical gas
much smaller excitation energies AE than those
predicted by the wall formula (WF) [1], see Fig. 1
for the octupole P, case. With increasing equilib-
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rium deformation they become significantly larger
for P, and especially for P, vibration they are close
to the WF limit, see Fig. 2. It can be understood
through the Poincare sections [2].

Notable shell effects were found in the excitation
energies of a quantum gas in the Woods - Saxon po-
tential with the relatively sharp (diffuseness equal to
0.1 fm, depth 200 MeV, radius R, =6.62 fm) mo-
ving surfaces for a small slow vibrations. For exam-
ple, we obtained a difference in the order of the
magnitude of AE for the neutron number N =130
(minimum of the shell-correction energies 0E(N))

to N =150 (maximum of SE(N)) for small slow
P, and P, vibrations, also in changing the deforma-
tion of the equilibriumey, = 0.05 - 0.35. Quantum

dissipative energies AE for many oscillation periods
t/T were found much smaller than the WF predic-
tion.

T [ [
B a,=03

0=0.05

=20T)

o
o

AE/AE s (t

0.2

Fig. 2. The same for vibrations near the deformed
equilibrium shape ¢, =0.3.

Our classical and quantum results can be helpful
for understanding the one-body dissipation at slow
and faster collective dynamics with different shapes
like in nuclear fission and heavy-ion collisions.

1. J. Blocki, Y. Boneh, J.R. Nix, J. Randrup, M. Robel,
AJ. Sierk, W.J. Swiatecki, Ann. Phys., 113, 330
(1978).

2. J.P. Blocki, A.G. Magner, and L.S. Yatsyshyn, Nucl.
Phys. At. Energy, 11, 239 (2010).
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FUSION OF DEFORMED NUCLEI: *C +2C

V. Yu. Denisov, N. A. Pilipenko

Ingtitute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

Fusion reaction '*C + '*C is very important for as-
trophysics, because this reaction is related to carbon
burning in stars, nucleosynthesis of *’Ne and *Na,
carbon flashes on accreting neutron stars, pycnonu-
clear reaction in white dwarfs and etc. Due to astro-
physical importance this reaction has been measured
many times around and well-below barrier by various
experimental groups during 40 years.

The cross section of fusion reaction 'C + '>C has
been discussed in the framework of various approxi-
mations extensively, but the shape of '°C ground state
is considered to be spherical. The ground state shape
of '*C is well-deformed, the values of quadrupole and
hexadecapole deformation parameters are, respec-
tively, f,=-0.40 £ 0.02 and B,=0.16 = 0.03.

We evaluate the fusion cross section of C + '>C in
the framework of simple barrier-penetration approach,
which takes into account quadrupole and hexadeca-
pole deformations of '2C ground state and various mu-
tual orientations of colliding deformed nuclei occurred
during fusion reaction[1, 2]. Unfortunately we cannot
describe the molecular resonances observed for reac-
tion ?C + '*C in this framework. We discuss energy
dependence of the S-factor or fusion cross section,
related to off-resonances energies and evaluate the
effect induced by deformation of °C ground state.

Using equations obtained in Refs. [1, 2] we
evaluate the fusion cross section o(E) values for reac-
tion C + '>C (Figure). The S-factor is proportional to
the cross section of the reaction

S(E) =Eexp(277(E)) o(E), (1

where 7(E)=Z,Z,&\/it/(hN2E) - the Sommerfeld

parameter.

For elucidation the deformation effect and the role
of quadrupole and/or hexadecapole deformations on
the fusion cross section and S-factor values we present
the results obtained by using various approximations
for ground state shape of '*C. The deformation effects
are clearly observed for the S-factor values at sub-
barrier collision energies.

Accounting of surface deformation of '*C is impor-
tant for accurate evaluation of the S-factor for very
low collision energies. The most adequate description
of the fusion cross section values for reaction
12C + '2C at sub-barrier energies should be done in the
framework of approach, which takes into account both
the quadrupole and hexadecapole deformations of col-
liding.

——S(E) at 5,=-0.4, 3,=0.16
10" 3 S(E) at 8,=-0.4, ,=0
1 S(E) at §,=0, 5,=0.16
e S(E) at 8,=8,=0
> exp

N
o
N

S(E) (MeV b)

N
o
>

10°4 | —— o(E) at ,=-0.4, 4,=0.16
. i > exp
10°
107
10-8 el . . T T T T T T T T T T T T
; 4 6 8E (MeV)10

The fusion cross section and S-factor values for reaction
12C + IZC

1. V.Yu. Denisov and N.A. Pilipenko, Phys. Rev. C 76,
014602 (2007).

2. V.Yu. Denisov and N.A. Pilipenko, Phys. of Atomic

Nuclei, 73, 1152(2010).

14 IHCTUTYT SJIEPHUX JIOCJIJDKEHb HAH YKPATHU



SANEPHA OI3UKA
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The synthesis of superheavy elements (SHEs) is
a very interesting problem and hot topic in nuclear
physics. SHEs have short lifetimes and the SHE
production cross sections in various reactions are
extremely low; therefore it is very difficult to study
various properties of SHEs. Many experimental
groups in various institutes study various peculiari-
ties of SHEs. To produce SHEs in experiments,
there are two reaction types: a hot fusion and a cold
fusion. Compound nuclei formed in fusion reactions
are in the highly exited states. An excited compound
nucleus is cooling down during neutron emission
and coming to the ground state. From the ground
state of the new SHE the alpha-particles can be emit-
ted. These o—transitions can proceed between the
ground state of a formed SHE and both the ground
and the excited states of the daughter nucleus. A
SHE can decay by fission, too. Both processes con-
firm the formation of the SHE in the experiments.
Therefore, it is very important to estimate the half-
lives of such SHEs to design experiments.

The a-decay half-lives of SHEs were calculated
(in the framework of the UMADAC [1] and sets of
the empirical relations [2]) between the ground
states of even-even isotopes since there are no ex-
perimental and almost no theoretical data for the
spins and parities of the corresponding nuclei. To
calculate the Q,—values, different approximations to
atomic masses were used.

Firstly, the o-decay half-lives between ground
states in even-even SHEs evaluated in the frame-
work of three approaches (UMADAC [1], empirical
relations for total range of nuclei (ERTR) [2], and
empirical relations for heavy range of nuclei
(ERHR) [2]), were compared with available experi-
mental data (see Table).

Further, the fusion reactions between different
natural isotopes were considered and the corre-
sponding a-decay half-life values of the produced
nuclei, as well as the nuclei of their a-decay chains
were calculated [3].

The comparison of the experimental a-decay half-lives with UMADAC model calculations
and different forms of the empirical relations.

A z Qu, MeB T T e T T
256 104 8,9995 0.304 s 1,56 s 1,01 s 1,16 s
258 104 9,2995 92 ms + 15,3 0,18 s 0,11s 0,14 s
260 104 8,9505 1s+0.035 2,21s 1,19s 1,40 s
264 108 10,8525 0.081 ms 0.42 ms 0,18 ms 0,27 ms
266 108 10,3925 2.3 ms 5,93 ms 2,32 ms 3,37 ms
270 108 9,0725 22's 32,50 s 11,94 s 15,55 s
270 110 11,2880 0,1 ms + 0,14 - 0,04 0.16 ms 0,06 ms 0,10 ms
284 112 9,2910 9.8s 314,54 s 48,18 s 71,228
286 114 10,3870 0,26 s + 0,04 - 0,02 1,02's 0,14 s 0,25s
288 114 10,1370 0,8s+0,27-0,16 448 s 0,66 s 1,10 s
290 116 11,0590 7,1ms+32-1,7 47,56 ms 10,49 ms 19,69 ms
292 116 10,8586 0.018 s+ 0,016 0.24s 0,03 s 0,06 s
294 118 11,8701 0,89 ms + 1,07 -0,31 3,43 ms 0,45 ms 0,94 ms

1. V.Yu. Denisov and A.A. Khudenko, At. Data Nucl.
Data Tables 95, 815 (2009).

2. V.Yu. Denisov and A.A. Khudenko, Phys. Rev. C 79,
054614(2009); Phys. Rev. C 82, 059901(E) (2010).
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3. V.Yu. Denisov and A.A. Khudenko, Phys. Rev. C 81,
034613 (2010); Phys. Rev. C 82, 059903(E) (2010).
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EFFECT OF THE PAULI EXCLUSION PRINCIPLE ON THE POTENTIAL
OF "0+ "0 AND *Ca + **Ca NUCLEUS-NUCLEUS INTERACTION

V. Yu. Denisov, V. A. Nesterov

Ingtitute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

The dependence of the potentials of nucleus—
nucleus interaction for '°O + '°0 and *°Ca + *°Ca sy-
stems on taking into account the antisymmetrization
of nucleons and the contribution of the nucleon kinetic
energy to the potential is studied within approaches
based on the energy-density functional, double-
folding model, and the two-center shell model [1]. It
is shown that the contribution of the nucleon kinetic
energy in colliding nuclei leads to the appearance of a
significant core at short distances between the nuclei
involved [1].

In order to determine the nucleus—nucleus interac-
tion, it is highly desirable to employ the most precise
methods that have been developed for describing the
energy of nucleus-nucleus interaction, the properties of
nuclei, and the properties of nuclear matter. Some of
these methods will also be used in the present study
pursuing the goal of clarifying the dependence of the
nucleus-nucleus potential on the effect of the Pauli
principle in the set of nucleons of colliding nuclei and
the effect of taking into account the kinetic energy of
these nucleons on the nucleus-nucleus potential. In par-
ticular, we apply the approach of the energy-density
functional (namely, the extended Thomas - Fermi me-
thod [2]) and the two-center shell model [3], as well as
the double-folding method [4, 5], see also [1].

Thus, we have considered various approaches to
constructing nucleus-nucleus potentials, paying par-
ticular attention to the contributions of the internal
kinetic energy of nucleons and their antisymmetriza-
tion to the nucleus-nucleus potential. Comparing the
potentials obtained within different approaches, we
have to conclude that, both the antisymmetrization of
nucleons and their internal kinetic energy should be
taken into account at evaluation a realistic potential of
nucleus-nucleus interaction (Figure).

Although the interaction potential for the '°O + '°O
and “°Ca + *°Ca systems are evaluated most precisely
on the basis of the two-center shell model, the applica-
tion of this method to heavier nuclear systems would
involve numerical difficulties. In this connection, we
would like to note a realistic behavior of the potential
obtained in the extended Thomas - Fermi approxima-
tion or the potential obtained by the double-folding
method with accounting the kinetic-energy contribu-

tion. In order to describe reaction cross sections
with the aid of these potentials, it is necessary to
introduce the dependence of the nucleon-density
distribution on the energy of colliding nuclei.

V, MeV
50

-50 - e

-100 /)

-150 4 /

-200

-250 4 /

-3004 /'

-350

4 6 8 10
R, fm
Interaction potentials of two *°Ca nuclei within the frame-
work of two—center shell model without taking into account
antisymmetrization (V,.gx) and with full antisymmetriza-
tion (Vgx) of nucleons.

We can conclude that the exact accounting of a
Pauli principle radically changes the behavior of
nucleus-nucleus interaction Potential, evaluated
without nucleon kinetic energy contribution, is
strongly attractive.

1. V.Yu. Denisov and V.A. Nesterov, Phys. At. Nucl.
73, 1142 (2010), to be published.

2. M. Brack and R. K. Bhaduri, Semiclassical Physics
(Addison-Wesley, 1997).

3. D.L. Brink and F. Stancu, Nucl. Phys. A 243, 175
(1975).

4. Dao T. Khoa, W. von Oertzen, and H. G. Bohlen,
Phys. Rev. C 49, 1652 (1994)

5. Dao T. Khoa and W. von Oertzen, Phys. Lett. B 304,
8 (1993).
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ELASTIC SCATTERING OF '*0 +'0 AND NUCLEUS-NUCLEUS POTENTIAL
WITH REPULSIVE CORE

O. 1. Davidovskaya, V. Yu. Denisov

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

Nucleus-nucleus potential has core induced by in-
trinsic kinetic energy of nucleons in colliding nuclei
[1]. We propose two different phenomenological
parameterizations (type A and type B) for nuclear part
of potential with the repulsive core at small distances
[1]. Elastic scattering of '°0 +'°0 at energies 124, 145,
250, 350, 480 MeV [2] are analyzed in the framework
of the optical model with these repulsive core nucleus-
nucleus potentials. The calculations of elastic scatter-
ing cross section are done with and without core in the
potential.

Fig. 1 shows the data [2] and the optical model fits
obtained for 124 MeV and 145 MeV energies. The
near-side/far-side decomposition of the amplitude of
elastic scattering is also presented. It is shown that the
cross-section as well as both the near- and far-side
cross-section components on backward angles are
strongly enhanced by the repulsive core.

o(8)/s,,(6) o(8)/o,,(6)
Type A 50410 10°4 ~ Type B 0+'°0
E=124MeV E=124MeV
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Fig. 1. Elastic-scattering data and optical model calcula-
tions for core-repulsion and coreless potentials. The cross-
sections for total and near-side/far-side decomposition of
the elastic '°0 +'°0 scattering amplitude evaluated with and
without repulsive core in the potential.

The repulsive core of '°0 +'°0 potentials at various
collision energies are compared with the proximity [3]

LIOPIYHUK - 2010

and semi-microscopic [4] potentials in Fig. 2. We
see that the repulsive core is taken place at dis-
tances R=4+5fm for type A potential and
R=2-+3.5 for type B potential. Note that core of
the nucleus-nucleus potential at similar distances is
also observed in both macroscopic proximity po-
tential and semi-microscopic potential.
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Fig. 2. The core-repulsion potential evaluated for the
elastic '°O + '°0 scattering. For reference the proximity

[3] and semi-microscopic [4] potentials are presented
also.

1. O.I. Haeummosceka, B.IO. [IenucoB ta B.O. Hecre-
poB, Sn. ¢ismka Ta atomMHa eHeprermka. 11, 25
(2010); 11, 33 (2010).

2. T. Khoa Dao, W. von Oertzen, H.G. Bohlen and
F. Nuoffer, Nucl. Phys. A672, 387 (2000).

3. J. Blocki, J. Randrup, W.J. Swiatecki and C.F. Tang,
Ann. Phys. (N.Y.) 105, 427 (1977).

4. V.Yu. Denisov, Phys. Lett. B 526, 315 (2002).
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PO3BAJI JIEUTPOHA TIPHA HAJIBAP’€EPHUX EHEPI'IAX
3 BUXOJIOM HNPOAYKTIB PEAKNII I MAJIMMU KYTAMU

O. B. badak, K. O. Tepeneunkuii, B. I1. Bepounbkuii, O. Jl. 'puropenko

Incmumym si0eprux docnioncenv HAH Yrpainu, Kuig

[Ipu exciepuMeHTaIBLHOMY AOCTIIKECHHI peakiii
po3Bally JAEWTpOHA MpH HaaOap €pHUX EHEeprisx 56,
140 i 270 MeB npu poscisuui Ha smpax *C, *Ca,
P7r, 2®Pb [1, 2] Gyn0 BusiBICHO crienubivHy TOBe-
OIHKY Tepepi3iB MpU CHOCTEpE)KEHHI BHIIITAIOUHX
YaCTHUHOK TIiJ] MaJIMMH KyTamu. TeopeTudni mMomemni
3 ypaxyBaHHSM JIMIIE KYJIOHIBCbKOT B3a€EMO/IIi HEI0-
CTaTHBO OMUCYIOTH Taki peakii [3].

Mertoro nanoi poboTH € BpaxyBaHHS SIK KyJIOHIB-
CBKOI, TaK 1 sSAepHOI B3aEMOJIl Ha PEaKIIif0 pO3BaIy
neiiTpona mpu poscisaui Ha aapax C, *’Ca, *Zr
pu eHeprisax 56 MeB y pamkax merony nmedopmo-
BaHUX XBUJIb.

AMIITITYa peakiii po3Bayly ASHTpOHA B METOI
nedopmoBanux XBuib (post-DWBA HaOmuxeHHS)
Ma€ BUTTISIA

T = (20 (R, R) 27 (R, R)| 27 (R, R)) Dy, (1)

e Z;—)’ Z’E*), fo’ - 1ebOpMOBaHi XBUIILOBI (yHK-

il IIPOTOHA, HEUTPOHA i JEUTPOHA,

D, = J‘d?Vnp(r)q)O (r) - ¢opm-akrop peiitpoHa.

st BpaxyBaHHS siIepHOI B3a€MOJII MPOAYKTIB pe-
aKkuii 3 SAPOM-MILIEHIO XBHJILOBI (DYHKIIi MPOTOHA,
HeHTpoHa 1 IeHTpoHa PO3paxoByBAIUCH i3 3aCTOCY-
BAHHIM ONTUYHUX MMOTEHITIATIB CTAaHAaPTHOI POpMHU.

XBuiboBi QyHKIIT y dhopmyri (1) poskiagamucs
B PSiZI 10 MapLiajbHAX XBUIIAX, IO JO3BOJISE 3BECTH
Bupa3 (1) 1o cymu pagiabHUX IHTETPaJIiB 32 TPhOMa
IHIEKCaMU.

Ockinbku mepepi3 peakuii ayxe YyTIUBHHA 10
KyTOBOTO pO3MOJiIy TPOAYKTIB po3Baly, OyJ0
3po0JIEHO YCepeaHEHHSI 110 KyTaX ETEKTOPIB.

Jist po3paxyHKy BUKOPHCTOBYBAIUCH NTApaMETPH
onTtuyHOrO ToTeHmiany [2, 4, 5]. KyroBi po3mipu
HeifTporHOro merekTopa 0,88 Mcp® (Kpyr), IPOTOH-
HOTO — 75 X 75 Mpap (mpsSsMokyTHHK) [1].

Sk MoxHa 0aYUTH Ha PUCYHKY Iepepi3 po3Baiy
JIEeUTpoHa 3 ypaxyBaHHSM SOEpHOI B3aeMOIil Imepe-
BUILYE 332 a0COJIIOTHOK BEIUYHHOK) EKCIIEPUMEH-
TaJbHI JaHi Maike B ABa paszu. Po3paxyHOK Kyio-
HIBCBKOTO poO3Baly, 0€3 simepHoi B3aeMO/Iii, 3HAYHO

18

Kpalle OMUCye aOCONIOTHY BEIMYMHY Iepepisy,
Maii)ke TOUHO omucye B obnacTi eHepriit E,> E,,, ane
B obnacti E, < E, Takox nepeBHuIllye eKCIIEpUMEH-
TaJbHI JJaHi B IBa-TPHU Pa3H.

MOXIHBOIO MPUYMHOIO PO301KHOCTI PO3paxyH-
KiB 3 €KCIIEPIMEHTOM € Te, 110 3a JaHUX YMOB IIPO-

300+
250

200

(M6/szMeB)

150 4

P

P

100 4

9'GI0E 90 26

50

E, (McB)

[lepepiz po3Bairy neWtpoHa 3a eHeprii 56 MeB Ha snpax
"2C. IlITpuxoBoK0 NiHI€K TOKA3aHO PO3PAXYHOK UHCTO
KyJIOHIBCbKOTO po3Baiy. CyniIbHOIO 1 INTPUX-TTyHK-
THUPHOIO JIHI€I0 TOKAa3aHO PO3PaxXyHKH 3 Pi3HUMH Ha0o-
paMu ONTHYHHX MTOTeHIiamiB A i B.

TOH 1 HEUTPOH BWIIITAIOTh MiJ MaJIUMU KyTaMH 3 Ma-
JIOI0 BiTHOCHOIO KiHETHYHOIO €HEPri€lo, i CyTTEBUM
BHECKOM MOXKe OyTH peKOMOiHAIlis MPOAYKTIB pO3-
Baly AielTpoHa. Takox MmiJ CyMHIBOM € KOPEKTHICTb
3aCTOCYBaHHSl OINTUYHUX TIOTCHINANIB JCUTPOHIB,
OTPUMAaHUX 3 EKCIIEPUMEHTIB IO TPYKHOMY pPO3Ci-
SIHHIO, TS PEaKIIii po3Baiy.

1. H. Okamura, S. Hatori, N. Matsuoka et al., Phys. Lett.
B 325, 308 (1994).

2. H. Okamura, S.Ishida et al., Phys. Rev. C 58, 58

(1998).

JLI. JJaanay u E.M. JIndmm, XKOTO 18 (1948).

N. Matsuoka et al., Nucl. Phys. A455, 413 (1986).

B.A. Watson, P.P. Singh, and R.E. Segel, Phys. Rev.

182, 977 (1969).
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HOJISIPU3ALIAHI XAPAKTEPUCTUKHU MPYKHOI'O PO3CISIHHSI IIPOTOHIB
3 EHEPI'IEIO 800 MeB SIZIPAMHM **Mg

B. II. Muxaijawok

Incmumym si0eprux docnioxceny HAH Yrpainu, Kuig

AHani3 NOBEIIHKH MOJSPU3ALIMHUX XapaKTepHc-
THK NPYXXHOTO PO3CISTHHA YaCTHHOK SOPaMH SIBJISIETh-
Csl BKJIMBUM IHCTPYMEHTOM, KUK JO3BOJIAE OLIHUTH
MOJJIMBUI PO3MOJI HYKJIOHIB B SIIpax, IO PO3TIIs-
naroTbcsi. B obmacTti enepriit nopsaky 1 I'eB nns ana-
JI3Y TaKUX TPOIECiB HAHOUTBIT ITUPOKO ¥ e(heKTHBHO
BUKOPUCTOBYETBCS TEOpist OaraTokpatHoro audpax-
uirinoro poscistaas (TBP).

Jo6pe BimoMo, 110 B JIETKHX 1 CEpPeNHIX Aapax HyK-
JIOHM MAalOTh TEHJAEHIIO A0 YTBOPEHHS KJIACTEPHHUX
ctpyktyp. Tomy B naiii po6oti spo **Mg BuBUaIOCH
Ha OCHOBI 0-KJIacTepHOi mozeni 3 mucnepciero [1].
[Ipu po3paxyHKax OyJI0 BpaXxOBaHO SIK KJIACTEPHI CTY-
meHi cBoOOAM WBOrO siApa B IIOMY, Tak |1
O-KJIACTEPHY CTPYKTYpPY OCTOBA.

Snpo **Mg po3rIsAaNoch TAKHM, IO CKJIAJAETHCS
3 gedopmoBaHoro octoBa (smpo '°0) i jBox
O-KJIacTepiB, L0 YTBOPIOIOTH TaHTENb, fAKa 3 HanOi-
JBIIOKD WMOBIPHICTIO 3IIACHIOE OCIWIIALIT 1700AU3Y
yenmpa mac ocmosa abo noza HAM. Takui miaXinm
BIJINIOBIJIa€ MOJICKYJIOMOI0HOMY HAOJIMKEHHIO [2].

3a ONOMOroI0 (-KJIACTEPHOI MOJIENI 3 AUCIIEPCIETO
1 TBJIP 6yno po3paxoBaHo AudepeHITiaibHI Iepepisu,
nojsipu3aiii Ta (GyHKHii TOBOPOTY CHiHY UIS TIPYXK-
HOTO PO3CisIHHS MPOTOHIB 3 eHepriero 800 MeB sanpa-
mu “*Mg [3]. Pe3ynabTaTé MpoOBEeIEHHX PO3PAXyHKIiB
HaBEIEHO Ha PHUCYHKY, Ha SKOMY TaKOX HAaBEAEHO
pe3yAbTaTH PO3PaxyHKIB THX CaMUX BEIUYHH, MIO
CIIOCTEPIraloThCs y TMPYKHOMY PO3CISIHHI MPOTOHIB
sapamu “’Ne [1]. 3a3HaunMo, 1o B JaHOMY MiZXOZi
mapaMeTpu TyCTHHH sapa ~'Mg Gyo oTpuMaHo i3
CHIBCTaBJICHH MOBEIIHKU PO3PAaX0OBaHUX 1 BUMIipSIHUX
3apsamoBuX GopMdaKTOpiB 1BOTO sapa [4].

3 puCyHKa BHIIHO, II0 pO3PaxOBaHi BEIMYHHH, 1110
CIIOCTEPIraloTbcsl y MPY)KHOMY PO3CiSTHHI TPOTOHIB
sapamu >*Mg, y3rOMKyIOThCA 3 HAsBHHMH €KCIIEPH-
MEHTalIbHUMM JaHuMU. llpu 1poMy moBeniHKa Benu-
YUH, PO3PAXOBaHUX y IMX JBOX IMiIX0JaX, MaJio Bij-
pizHsieTbesl. ToMy 3poOHMTH OCTAaTOYHUI BHCHOBOK

LIOPIYHUK - 2010

010 TIPEBAIIOBaHHS Ti€l uM iHIOI KOHIrypariii B
apax »Ne ta 24Mg B paMKax JAHOTO MiJXOAy He
MPEACTABIIAETHCS MOKIMBUM. JlaHe NUTaHHS IO-
TpeOye MOJATKOBUX JOCIi/IKEHb.

' p-"Ne E =800 McB p-'Mg E =800 MeB

1
1

w'

de /dQ (MG ep)

Judepenmianpai nepepisu, moispusanii Ta (GyHKIT
MOBOPOTY CHIHY JJIsl IPYXHOTO PO3CISHHS IPOTOHIB
sapamu ~'Ne ta >*Mg npu eneprii 800 MeB

1. HO.A.bepexxnoit u B.II. Muxaitmok, DUAS 39,
Bem. 2, 437 (2008).

2. Y. Fujiwara, H. Horiuchi, K. Ikeda et al., Prog.
Theor. Phys. Suppl. 68, 29 (1980).

3. Yu.A. Berezhnoy, V.P Mikhailyuk, and V.V. Pili-
penko, Int. J. Mod. Phys. E 19, 243 (2010).

4. Yu.A. Berezhnoy, V.P Mikhailyuk, and V.V. Pili-
penko, Eur. Phys. J. A 39, 125 (2009).
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AHAJIN3 ITIO METOAY PE3OHUPYIOINUX TI'PYIIII PACCEAHUA
B CUCTEME ’H +’H IIPU SHEPT'UH 1-7 MaB

1O. E. Ko3bIps

Hnemumym adepnvix uccneoosanuti HAH Yxpaunvl, Kueg

[Ipo6neMbl, BO3HUKAOLINE IPU ONMCAHUM pacye-
tom MPI" ynpyroro paccesHus JerKux sjiep, 0ObIYHO
MBITAlOTCA TPEOAOJIETh IMYTEM MaKCHUMAaJbHOIO pac-
LIMPEHUs CTPYKTYpHOTO 0a3uca 3afadu, CIuTasi CBOM-
CTBa ()parMEHTOB KaHaJla HEM3MEHHBIMHU B TIpOliECcCe
B3aMMOACWUCTBUA. YUMTBHIBas JOBOJBHO OTpaHH-
YEHHBIE PE3yNbTaThl TAKOTO MOAX0Ja, MPEACTABISIET-
Csl pa3yMHBIM HCCIEN0BaTb BO3MOKHOE BIIUSTHHE W3-
MEHEHHUS CBOMCTB B3aMMOJICUCTBYIOIIUX SAEp Ha pac-
yetHble pe3ynsTatel MPI. B Hacrosmeld pabote B
paMkax craHmapTHoro ¢opmamuzma MPIT paccmoT-
PEHO BIMSIHUE U3MEHEHHUs 3HAYCHHUM MapaMeTpoB Kia-
CTEPHBIX BOJHOBBIX (QYHKIMI Ha AuddepeHnaibHbe
CEYEHHUs YNPYIoro paccesHusl NEUTPOHOB IMpPH SHEP-
ruu 1 — 7,1 M»B. BeimomgHeHHBIE IJI 3TOTO Cydas
pacuetsl [1], mocnenoBaTeNbHO YUUTHIBAIOIINE BIIUS-
HUe HanboJiee BEPOATHBIX KOHKYPUPYIOLINX KaHAJIOB
peaKknuy, He yJIy4lIVJIN PaJuKalbHO PE3yIbTaThl Of-
HOKaHAJBHBIX PacueTOB, BBITOJHEHHBIX B 70-€ TOAbI
npouutoro Beka. C y4eToMm 3TOro 3a OCHOBY B3sTa O-
HOKaHaJbHas CXE€Ma CO CTAaHJApTHOW KOHCTPYyKLHEH
NPOCTPAHCTBCHHOW YacTH BOJIHOBOW (DyHKIWH Jieii-
TpoHa [2], oOecmeunBaromieli MPaKTHYECKH TOYHOE
3HAUEHNE DJHEPIUU CBSI3U U CPEAHEKBAIPaTHYHOIO
pannyca. Ilpm Bcex 3HAYEHUSX OJHEPIrUU PACCUH-
TaHHble dO/d{) WIYT 3aMETHO HIKE JKCIICPUMEH-

TaNbHBIX JaHHBIX (TOYEYHAs JMHUS HA PHCYHKE).
CxomHBIN pe3yNbTaT JaBajl M pacyeT C BOJHOBOM
dynxupeit “H 13 0mHOrO raycchada, KoTopas obec-
IeYrBalia TOJIHKO MPaBUIIbHBIE 3HAUECHUS CPEIHEKBA-
paTHYHOTO pamuyca (IITPUXOBas JIMHHS PHCYHKa). B
9TOM clly4ae BIMSHHE B3aWMOJECHCTBUS (pparMeHToB
KaHajia Ha X CTPYKTYPY CBOAMTCS K M3MCHECHHUIO 3Ha-

ueHns b =./h/m@ — eAMHCTBEHHOTO Mapamerpa BOJl-

HoBOM (ynkimy “H. TTONMBITKN yIydIIATh PacUeTHBI
pe3yNbTaT MyTeM BBEACHHS CKauyKOOOpa3HOH 3aBHCH-
MOCTH b OT MEXKIJIACTEpPHOTO PACCTOSIHUS # B paMKax
nonxona [3, 4] 3xech ObUTH MATOA(PPEKTUBHBI — JJaKe
OoypIIe U3MEHEHHA b B MIUPOKOM JTHANa30HE IOJI0-
KCHHI TOUKH cKavka r, (1<r, <15¢M) Mano MeHsuIH
pacuetHsie do/dQ. B 1o ke Bpemst HeGOJIbIINE U3~
MEHEHUs b CHIIBHO YBEINYMBAIOT BHYTPEHHIOIO SHEP-
ruio “H. 3a cyer 3TOro SHEpPrus OTHOCHTEIHLHOTO
JIBIOKCHUST (DparMEHTOB KaHalla yMEHBIIACTCS, YTO
CYLIECTBEHHO MEHsIET pacyeTHble do/dQ. B wutore
BJIMSIHUE CTPYKTYPHBIX M3MEHEHHil Kinactepos “H s
PAaCCMOTPEHHOTO HMHTEpBajia SHEPTrUU MPUOIMKEHHO
CBOIUTCS K YMEHBIIEHUIO DHEPrUU WX OTHO-
CUTEJIBLHOIO JIBUKCHUS B 00JACTH WHTESHCHBHOI'O

B3aumozeiicteus. [Ipu 3ToM 3aBUCHUMOCTL E(r)

MOJKET UMETh MPAKTUYECKH JII000H pa3yMHBII BHUI.
Jnst KakAoro 3HaYeHHs SHEPruH ObUIM BBINOJI-
HEHbI pacyeThl C Pa3JIMYHON anmpoKcUMalueu 3a-
BUCUMOCTH FE(r): OT CKadyka B TOYKE 7/, K He-

KoTopoMy 3HadeHHIO E+A (A<0) go riamkoit
KpUBOW TPETHETO TMOPSAKA, COSAUHSIIONIEH 3HaUe-
uue £ B Touke 7, co 3HaueHneM E +A B oOmactu
r<r,. Ilpu onTuMajbHOM NOAOOpPE NapaMeTPOB

K@XIO0M aNIpoKCUMAIUK pacueTHsie do/dQ oT-

JUYAIOTCA Majio, TEM HE MEHee MOCIEeTHUIN Bapu-
aHT JaBall JIydlIne Pe3yibTaThl, TPEACTaBICHHBIE
Ha pUCYHKe cruiomHoi nuHuen. Ilopsaox onTu-
MaJbHBIX 3HAYEHHWH MMapaMeTpoB aIlIpOKCHMAIlUU
WLIoCcTpupyer ux Habop mist E= 3 MbdB:
re=8 dwm, ;=3 ¢M, A =-0,2 MaB.

E = 1.005 MsB

1000 £

T

100 ¢

1

1000

T

dO’/(LQ Mb - cp_l

L1l

1000 £

100 £

6 rpajl.
JuddepeHunansHple ce4eHHs YNPYroro paccesHus
H(d, d)*H. DHeprus B CHCTEMe LIEHTPA MACC yKA3aHa B
ojie KaxJol yacTu pucyHka. CMbICT JTUHUI OOBsICHS-
eTcsl B TeKCTe. TOUKY — SKCIEPUMEHT

1. H. Kanada, T. Kaneko, and Y.C. Tang, Phys. Rev. C
34,22 (1993).

2. K. Bumspepmyt u S. Tan, Eounas meopus saopa,
(Mup, M., 1980).

3. IO.E. Ko3ssips, 13B. PAH. Cep. ¢us. 69, 737 (2005).

4. YuE. Kozyr, in Abstr. of the Int. Conf. NPAE-
Kyiv2010 (Kyiv, 2010), p. 48.
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HNOHM3ALUA ATOMA TP AHHUTWUJIALIUU ITO3UTPOHA
C K-2JIEKTPOHOM IPU B*-PACHAJE

C. H. ®enorkun

Hucmumym soepruix uccreoosanuii HAH Yxpaunol, Kues

IIpu majeHuu mydKa MO3UTPOHOB HA aTOM KPOME
OOBIYHOM OAHOPOTOHHONH AHHUTHIISLIIUU BO3MOXKHBI
0e3paiMallMOHHbIe TIPOIIECCHI, KOTa MPOUCXOIUT HO-
HU3AIUs] AaTOMHON 00O0JIOUKH WIIM BO30YXKIECHUE sapa.
AHAIOTHYHBIE TIPOIECCHl HMEIOT MECTO U TP
B -pacmaze. B 5TOoM ciiydae MOMKET MPOUCXOIUTH
BO30YXICHUE JIOUEPHETO sijipa WX aTOMHOM 000J104-
KM TpH aHHWTHISAIMA HCIYIIEHHOTO B MpoIlecce
B'-pacnajza mo3MTpPOHA C OJHUM U3 DJIEKTPOHOB JO-
yepHero aToma. Bo3OyxkieHue mouepHero sapa - Sc
MpY AHHWUTWISIIUAU TO3UTPOHA, HCIYIIEHHOTO MpH
B'-pacmame sapa “Ti, ¢ ogHMM W3 DIEKTPOHOB JO-
YEPHETO aTOMa MCCIIECIOBAICS DKCIIEPUMEHTAIBHO [1].
TeopeTrueckuii pacueT BEpOATHOCTH 3TOTO Mpolecca
JlaeT BEJIMYMHY Ha JIBA TIOPSJIKA MEHBIIIE YKCIIEPHMEH-
TaJbHOTO 3HAaUYeHHs. B cBs3M C O3TUM, a TAKXC I
MoJydeHus1 6ojiee MEIbHOM KapTHHBI, MPEACTaBIIAET
HWHTEpEC KCCIE0BaHUE MPOIEcca MOHHU3AIUU aTOM-
HOW O0OJIOYKH MpPU AHHWUTWISLUHU MO3UTPOHA, UCITY-
meHHoro npu B’-pacmaze, ¢ JNEKTPOHOM JOYEPHETO
aToma.

Huarpamma @eiiHMaHa, COOTBETCTBYIOIIAs IMpPO-
HOeCCYy aHHUTWIIAIUW ITO3UTPOHA, MCIYUICHHOI'O IpH
B -pacmaze ¢ JMEKTPOHOM JIOYEPHErO aToMa C Iepe-
Jlaueil 4acTH PHEPTUM JIPYyroMy aTOMHOMY JIIEKTPOHY,
n3zobpaxxeHa Ha pucyHke. MccienoBan Hambonee Be-
POSTHBIN Cciy4ail, KOrja aHHUTHIAIHUS ITO3UTPOHA
npoucxoautT ¢ K-37eKTpoHOM, a BBLACICHHAs MpH
3TOM DdHeprus mnepenpaercs npyromy K-aiektpony.
3mech /I u F - HayalbHOE M KOHEYHOE COCTOSHHS
AIpa; e, U e - IeKTPoHsI K-0005104KK atoma; V. -

HEUTPUHO; @ - DHEPrus, eperaBaemMas B pe3yjbTare
AHHUTHJIALME MO3UTPOHAa M K| -3JIEKTpOHA JIpyromy

anekTpony K-obomouku K, ; e,

- DIIEKTPOH, BBLIE-
TalOUIUMN B HEMPEPBIBHBIN creKTp ¢ sHeprueit € . Ilo-
Jy4eHO CIeAyromee BBIPRXKEHHUE I BEPOSTHOCTH

L
Wy, AHHUTHISIMK HCIYIMEHHOrO MpH B -pacmane

mo3uTpoHa ¢ K-3J1eKTpoHOM JTOYEpHEro aromMa U BbI-
OuBaHMM W3  ATOMHOWM 000JIOUKH ~ BTOPOTO
K-anekrpona [2]:

4o’ (Zma)
=——— M1, ©)

2

1
+ +
BK P BK
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JmarpaMma, ONKCHIBAIOINAS AHHUTWIIALMIO HCITYIICH-
+

HOTO B  mpomecce [ -pacmaja  MO3UTPOHA €

K-a1exkTpoHOM K, C nepenaueil SHepruu ® IPyromy

JNEKTPOHY K

5.

TI€ « - IOCTOSIHHAs TOHKOM CTPYKTYpBI; Z - 3apsij
ANpa; M - Macca dJIEKTpoHa; M’ - sjepHbIA Mat-

o +
puuHBIA dnemeHt f3-pacnana, a [, - WHTErpai

M0 SHEprusM BBUIETEBIIETO AJIEKTPOHA, OMpele-
neHHbI B pabote [2]. B ciyuae P'-pacnana sapa
“Ti nomydyeHa cneylomas ONEHKA I uMCIA
CIly4yaeB aHHUTWISLMK TO3UTpoHa ¢ K-amekrpo-

HOM C BEIOMBaHHEM Jpyroro K-anexTpoHa Ha ouH
akT B’-pacnaza

W/f*K 6
ZIE 4007 @)
w.
5
DT0 OTHOIIEHHE NPUOIM3UTENLHO HA TPH MOPAIKA
Gombllle YKMCIaA CITydaeB BO3OYKIEHMS JOYEpPHEro
sanapa $Se
K-snextponom Ha ojuH akt B -pacnana sapa 7Ti .

IIpyu AaHHUTHWIAINUA TIO3UTPOHA C

1. T.IIL bopo3senen, 1.H. Bumnesckuit u B.A. XKento-
HOXKCKUH, Snep. ¢pus. 43, 14 (1983).

2. C.H. ®enotkun, AnepHa ¢isuka Ta eHepreTuka, 11,
233 (2010).
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BETA-DECAY '"Cd— '""Ag

A. A. Kurteva', V. E. Mitroshin’

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
2 V. N. Karazin Kharkiv National University, Kharkiv

The probabilities of B transitions are very sensi-

tive to the structure of states and help to identify
them. These are proportional to the squares of the
reduced matrix elements of the weak-interaction
Hamiltonian. The form of the wave functions upon
which the matrix elements are calculated depends on
the model chosen for the calculations. The better the
model describing the entire set of spectroscopic in-
formation on certain nucleus, the more realistic the
wave functions.

In our approach many-phonon (up to ten phonons)
configurations of main band of even-even core that
can contribute to the formation of the structure of
low-lying states of odd nuclei, as well as the vacuum
fluctuations of quasiparticles were considered. The
expression for the reduced probabilities of V-tipe 3

transitions obtained in [1] is used to describe the
"cd— ""Ag B decay. In works of other authors

only the contribution of one-phonon configurations to
the wave functions were considered in calculating the
probabilities of B transitions and not considered the

influence of vacuum fluctuations of quasiparticles on
the renormalization of the reduced matrix elements of
the weak-interaction Hamiltonian.

The energies, spectroscopic factors, magnetic di-
pole and electric quadrupole moments of the ground
and excited states of '"’Ag, as well as reduced prob-
abilities of electromagnetic transitions between them
and reduced probabilities of beta-transitions from
ground state of '”’Cd to excited states of '”’Ag have
been calculated in the framework of dynamic collec-
tive model [2] and compared with experimental data.
Results of the calculations are in a good agreement
with experimental data.

For the low-lying states we distinguish two bands
in 'Ag, formed by coupling of one-quasiparticle
1/27, and 9/2", states with collective states of the
main band of the even-even core. 7/2"; state is one-
phonon excitation on one-quasiparticle 9/2" state, or
the so-called "j-1"-anomaly.

In this work the B decay of '"’Cd is considered.

Its lifetime is 6.5 h and decay energy Q = 1417 keV.
Figure shows the part of the one-particle scheme of
1%°Cd. It is used the basis from 15 one-particle (neu-
tron and proton) states. The main state of '*’Cd is
one-quasiparticle neutron state in which the main
contribution gives the one-particle neutron state ds,.

106
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Part of the one-particle scheme of '*°Cd.

But B"-decay occurs, because the proton chemi-

cal potential lies about 1.5 MeV higher, than neutron
chemical potential (this difference correlate with Q).
The proton gy, decays and excites collective states
in daughter nucleus.

The P transition to the 7/2" state, formed by

coupling of one-quasiparticle 9/2"; state with 27
state of the even-even core, occurs with maximum
intensity (99.7 %) and probability. The calculated
value of Ig f = 4.9 (¢ - is the partial half-life) is in a
good agreement with experimental Ig ft = 4.9. The
account of collective degrees of freedom and vac-
uum fluctuations of quasiparticles increases the
probability of B transition to this state almost by

two orders.

1. IN. Vishnevskii, A.A. Kurteva, V.E. Mitroshin et al.,
Physics of Atomic Nuclei. 57, 15 (1994).

2. A.A. Kurteva and V.E. Mitroshin, in Proc. of the 3-rd
Int. Conf. “Current Problems in Nuclear Physics and
Atomic Energy”, Kyiv, 7-12 June, 2010 (Kyiv, 2011),
p- 304.
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BETA-DECAY 'Cd— '"Ag

A. A. Kurteva', V. E. Mitroshin®

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
2 V. N. Karazin Kharkiv National University, Kharkiv

The energies, spectroscopic factors, magnetic di-
pole and electric quadrupole moments of the ground
and excited states of '”’Ag, as well as reduced prob-
abilities of electromagnetic transitions between them
and reduced probabilities of beta-transitions from
ground state of '”’Cd to excited states of '*’Ag have
been calculated in the framework of dynamic collec-
tive model [1] and compared with experimental data.

Figure shows the part of the scheme of '“Ag lev-
els. For the low-lying states we distinguish two
bands in this isotope, formed by coupling of one-
quasiparticle 1/2°, and 9/2", states with collective
states of the main band of the even-even core. 7/2",
state is one-phonon excitation on one-quasiparticle
9/2", state, or the so-called "j-1"-anomaly. There are

no state (3/2)" in multiplet [g,, ®27].
The comparison of calculated and experimental
spectroscopic characteristics of '’Ag is presented in

Tables 1 and 2. We use all experimental data pre-
sented in Evaluated Nuclear Structure Data File.

19
Ag
20 _
= 7 — 12
152 152 —
132 —
I 112
52 ==
132" 02) 7 N2 —
W o2 M B2__»
W= 52
12 — 9/2+:
50 112
cZE . 7
4 _ 32
WZ+ 3/2 9/2+
0 72— 1z o/ —)
B Vazaaavs s s S S
Exp. (@1

Part of the scheme of '“Ag levels.

Table 1. The comparison of calculated and experimental energies, magnetic dipole and electric quadrupole
moments and calculated spectroscopic factors of the ground and excited states of 'Ag

Eexp, keV E.., keV I" M, n.m. exp. (,n.mcal. | Qbexp. | Qbecal | S, cal. | S,cal
0 0 1/2° -0.13(01) -0.09 - 0 0.32 0.79
88.0 76 7/2" 4.400(6) 4.75 1.02(12) 0.52 0.03 0.03
311.4 416 3/2 0.99(15) 1.6 -0.7(1) -0.47 0.14 0.28
415.2 449 5/2° 0.90(13) 0.6 -0.3(1) -0.67 0.03 0.22
Table 2. The comparison of calculated and experimental reduced probabilities
of electromagnetic transitions of '“Ag
E,exp. | Ey, exp. L I B(M1), W.u. exp. B(M1), W.au. cal. | B(E2), W.u. exp. | B(E2), W.u. cal.
132.7 44.7 92" | 712" 0.008(4) 0.039 30(3) 22.78
3114 3114 32 | 1/ 0.117(15) 0.13 40(4) 34.95
415.2 103.9 5/2 | 32 0.043(7) 0.0011 5(11) 10.57
415.2 527 | 1/2 - - 41(6) 36.2

The main state of '”’Cd is one-quasiparticle neu-
tron state in which the main contribution gives the
one-particle neutron state ds,. The [ transition to
the 7/2", state of '’Ag, formed by coupling of one-
quasiparticle 9/2", state with 2", state of the even-

LIOPIYHUK - 2010

even core, occurs with intensity 100 %. The calcu-
lated value of 1g ft = 5.97 is in a good agreement
with experimental 1g f# = 6.0.

1. A.A. Kurteva and V.E. Mitroshin, submitted to Izves-
tiya RAN. Ser. Fiz.
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BETA-PACHIAJl HEYETHBIX ALEP

A. A. Kypresa', B. E. Mutpomun’

1 .
Hnemumym adepnovix uccnedosanuii HAH Yxpaunul, Kueg
2 . N
Xapwvrosckuti nayuoHanvHulil yHugepcumem um. B. H. Kapasuna, Xapvkos

bera-nepexonpl Ha KOJUIEKTHBHBIE COCTOSHHS
SAep B Pa3slUYHBIX MOJENSIX (OZHOYACTUYHOU 000-
JIOYEYHOH, JeOPMUPOBAHHOTO aTOMHOTO sapa, He-
aKCHAJILHOTO Ae(OPMHUPOBAHHOTO SI/Ipa) B TCUCHHE
JUIUTENBHOTO BPEMEHHU pacCMaTPUBAINCH KaK OJIHO-
YaCTHYHbBIE, & PACCUNTAHHBIE BEPOSITHOCTH HEKOTO-
PBIX WHTEHCHUBHBIX O€Ta-1epexo0B OTIMYAINCH OT
IKCIIEPUMEHTAIBHBIX O0JIee YeM Ha J[Ba MOpsAKa.

B pamkax kBazn4acTHUHO-POHOHHON Moaenu [1]
OBUTH TIOJTY4YeHBI MTPUBEIEHHBIE MaTPUYHBIC SJIEMEH-
Thl TaMHJIBTOHMAHA CJIa00r0 B3aMMOAEWUCTBUS IS
HEKOTOPBIX YacTHBIX clyyaeB OeTa-Iepexo/oB Ha
OJTHOKBA3WYACTUYHBIE, JBYXKBA3UYaCTUYHBIE U OJI-
HO(OHOHHBIE COCTOSHUS, a B PAMKaX MHKPOCKOIIH-
YecKOl KBa3M4acTUYHO-(OHOHHOW MOJENU — Ha OJI-
HOKBa3WYaCTUYHBIE W KBAa3WYaCTUYHO-(OHOHHBIE
coctosinud. llocie yuera mnapHBIX KOppesUi
CBEPXIPOBOJISIIEIO THITA © OAHOPOHOHHBIX COCTOSI-
HUIl Tpu omucaHuu OeTa-pacmaga saep He ObUIO
JIOCTUTHYTO XOPOIIIETO COTJIACHS C HKCIIEPUMEHTOM.
PaccuntanHbie BEpOSTHOCTH TSI HEKOTOPBIX WHTEH-
CHBHBIX O€Ta-Iepexo/I0B OTINYAINCh OT JKCHEPH-
MEHTAJFHBIX Ha TOJITOPA MOPS/IKA.

B sapax, OTIMYHBIX OT Marn4eckux, He ObIBaeT
YHUCTBIX OJHOKBa3MYACTUYHBIX M OJXHO(POHOHHBIX
COCTOsIHUU. Bkiiag B CIpyKTypy COCTOSHHUH, HA KO-
TOpBIE TPOUCXONAT OeTa-Tiepexonbl, MOTYT JaBaTh
MHOTO()OHOHHBIE KOMITOHEHTHI BOJIHOBOU ()YHKIIWH,
0co0eHHO Ipu OONBIINX PHEPTHsIX pacnaaa. [loaro-
My TIpUBEICHHBIE MaTPUYHBIE JIEMEHTHI TaMHUIIBTO-
HUaHa Ccllaboro B3aMMOCWCTBUSA, Yepe3 KOTOpHIC
BBIpAXXAlOTCSI MPHUBEJICHHBIE BEPOSITHOCTH OeTa-
Mepexo0B, HEOOXomuMo OpaTh MO BOJIHOBBIM
(hyHKIHSIM, HanOoJIee OJIM3KUM K PEaTbHBIM.

Ha ocHoBe muHamMHu4yecKOll KOJUIEKTUBHOM MOJE-
J¥ HaMH CO3JaH METO]| BBIYMCICHHUS MPUBEACHHBIX
BEpOSATHOCTEH OeTa-mepexo/IoB Ha BO30YKICHHbBIE
COCTOSIHMSI HEUETHBIX SAEp C YUeTOM KBa3HYacTHY-
HBIX U MHOTo(oHOHHBIX (70 10 ¢oHOHOB) cocTos-
HUH, 3()(hEeKTOB HEKOMMYTATUBHOCTH KBa3M4aCTHY-
HBIX W KOJJIEKTUBHBIX MOJ M BaKyyMHBIX (IyKTya-
M KBazuyacTuil [3].

C momoIIpI0 3TOTO0 METONa OmHcaH Oera-pacriaj
6omnee 30 HEYETHBIX M30TOMOB, MOJYICHO XOPOIIEe
corylacMe C JKCIIEPUMEHTANbHBIMHU JAaHHBIMU: IS
OeTa-1epexoi0B ¢ MHTEHCUBHOCTBIO >1 % paccun-
TaHHble 3HaueHus 1g fi (- mapuuanbHelil mEpUO

noJiypacraia) OTJIMYAITCS OT SKCIEPUMEHTABHBIX
He 0osee yeM Ha 0.2.

[IpuBogM HEKOTOpHIE OOIME BBIBOABI IPOBE-
JICHHBIX MCCJICIOBAHNM.

1. DHeprus Oera-pacnajia KOppelupyeT ¢ pa3Ho-
CThIO HEHTPOHHOTO W MPOTOHHOTO XUMITOTESHITHAIIOB
MaTEpPUHCKOTO SApa.

2. [loka3aHo, 4TO TIPH paclaje HEUETHOW YaCTH-
Il HAOJIIOJIAIOTCS TaKHe 3aKOHOMepHOCTU. Ecimu B
HEHTPOHHOM U TIPOTOHHOM OJHOYACTHYHBIX CO-
CTOSIHUSAX s7pa BOJM3U MOBEPXHOCTH DepMu ecTh
0I000JIOUKH C OJUHAKOBBIMU OPOUTAILHBIMH MO-
MEHTaMH, TO C MaKCUMAallbHOW WHTEHCUBHOCTBIO H
BEPOSITHOCTBIO OeTa-Tepexo/T HAET Ha OJHOKBA3HYA-
CTUYHOE COCTOSHME, OCHOBHOW BKJaJ B KOTOPOE
JaeT Takas MoJ000JI0YKa. YUeT KOJIEKTUBHBIX CTe-
reHel cBOOOABI MEHSET BEPOSTHOCTH TaKOTO Iepe-
X0Jla MEHee 4eM Ha mopsanok. Jlias mepexooB Ha
OCTaJIbHBIC COCTOSHUSA BKIJIAJ KOJUICKTHBHBIX CTEIIe-
Hell cBOOOBI B BEPOSTHOCTH O€Ta-Iepexo0B 4acTo
JIOCTHTAET NBYX MOpsAnkoB. Ecim momobonodexk c
OJIMHAKOBBIMU [ HET, a DHEpPIHs pacmama Maja, TO
OeTa-pacmaj CHIIbHO 3aTOPMOYKEH.

3. [Ipu pacnajge 4acTUIBI W3 TApPhl POJUBITHICS
HYKJIOH CBSI3BIBAETCS C HEUYETHBIM HYKJIOHOM Mare-
pPUHCKOTO sfpa, Oera-mepexoapl ¢ MaKCHMaJIbHOH
WHTCHCUBHOCTBIO U BEPOSATHOCTBHIO HUIYT HA COCTOS-
HUs, OOpa30BaHHBIC CBS3bI0 HEUYETHOTO HYKJIOHA
JIOYEPHETO sI/Ipa ¢ KOJUIEKTHBHBIMA MOJIAMH OCTOBA.
[Ipu manbix 3HEprUsx Oera-pacrana BKIAJ KOJUICK-
TUBHBIX CTETICHEeW CBOOOABI B BEPOSITHOCTH OeTa-
TIEPEXO/I0B MPEBBIIIAET OJUH MOPSIOK, a TIpH O0IIb-
ITUX DHEPTUSAX PacIiaia MOXKET JOCTUTATh YETBIPEX
TIOPSITKOB.

4. TlpuBeneHHBIE BEpOSTHOCTH OeTa-Iepexo/i0B
Ha HEKOTOPBIE BO30YKICHHBIC COCTOSHUS MpH OeTa-
pacnaze 127X e — 1271, Blos — 131Xe, BxXe—3Cs B
HaIllMX pacyeTax OIMMCAHBI Ha TOJTOpa IOpsaKa
JIy4Ille, YeM B MHUKPOCKOIMYECKON KBa3HUACTHUHO-
(hoHoHHOI MosienH [2].

1. V.A. Kuzmin and V.G. Soloviev, Nucl. Phys. A486,
118 (1988).

2. J. Toivanen and J. Suhonen, Phys. Rev. C 57, 1237
(1998).

3. W.H. Bummnesckuii, A.A. Kypresa, B.E. Murpomus u
op., S1® 57, 17 (1994).
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BREMSSTRAHLUNG EMISSION OF HIGH ENERGY ACCOMPANYING SPONTANEOUS
FISSION OF THE **Cf NUCLEUS

S. P. Maydanyuk, V. S. Olkhovsky

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

The study of emission of the bremsstrahlung pho-
tons which accompany the spontaneous fission of
heavy nuclei opens to us independent and rich possi-
bilities in understanding this process. The main inter-
est to this task is related with the obtaining new addi-
tional information about dynamics of the fission. In
order to do this, we have constructed fully quantum
model, which allows studying the bremsstrahlung
photon emission accompanying fragments produced
in the spontaneous fission of heavy nuclei [1, 2].

This model is constructed on the basis of the
spherical wave approximation applying for the de-
scription of photon wave function. We applied our
model to the spontaneous fission of the **Cf nu-
cleus, checked it and calculations by experimental
data [3 - 7] for the fission of **Cf. Our results on the
total bremsstrahlung spectrum probability calculated
up to about £, = 60 MeV of photon emission ac-
companying the spontaneous fission of **>Cf were in
good agreement with the experimental data of Ere-
min et al. [7] given up to about £, = 38 MeV, whe-
reas in the E, = 20 - 38 MeV energy range the data
of van der Ploeg et al. [3] differed on average by a
factor of 10 in comparison with our results and the
data of Ref. [7] (see Figure).

We analyzed the photon spectra for light, me-
dium, and heavy fragments produced in the *Cf
fission and we observed the connection between the
yield of the bremsstrahlung spectrum due to each
fragment, the related (Q-value, and the effective
charge Z.g, which determine the wave functions of
the fissioning system and the bremsstrahlung emis-
sion probability. To obtain these wave functions, we
used the interaction potential between the emitted
fragment and residual (daughter) nucleus calculated
by a standard folding approach. One of the main
problems was the calculation of the radial integrals
that form the matrix elements of emission. We per-
formed a new procedure which allows us to essen-
tially increase the accuracy of wave-function calcu-
lation in far asymptotic regions. Such a new proce-
dure has provided the possibility to study for the first
time the bremsstrahlung photon emission in the
fission problem in the fully quantum approach and to
calculate the y-spectrum probability up to E,=
=60 MeV for the **Cf spontaneous fission.
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Calculation of bremsstrahlung photon emission probabili-
ties caused by heavy fragments included in mass region
A = 95-115 during the spontaneous fission of the *Cf
nucleus (solid line is for 97r, dashed line for °’Nb, dash-
dotted line for '*Mo, dashed double-dotted line for '*Tc,
short dotted line for '®Ru, thin solid line for ''°Rh, dotted
line for ''*Rh) (a). Total bremsstrahlung photon probabil-
ity in the spontaneous fission of ***Cf: calculation of the
spectrum (solid line) by averaging contributions of frag-
ments; sets of experimental data given by squares [3],
triangles [4], diamonds [5], stars [6], and circles [7] (b).

1. S.P. Maydanyuk, V.S. Olkhovsky ef al., Phys. Rev. C
82, 014602 (2010).

2. S.P. Maydanyuk, V.S. Olkhovsky et al., Int. J. Mod.

Phys. E19 (5 - 6), 1 (2010).

H. van der Ploeg ef al., Phys. Rev. C 52, 1915 (1995).

J. Kasagi et al., J. Phys. Soc. Jpn. Spl. 58, 620 (1989).

S.J. Luke et al., Phys. Rev. C 44, 1548 (1991).

D.J. Hofman et al., Phys. Rev. C 47, 1103 (1993).

N.V. Eremin et al., Int. J. Mod. Phys. E 19, 1183

(2010).
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NEW MANIFESTATIONS OF THE TIME RESONANCES (OR EXPLOSIONS)
IN HIGT-ENERGY NUCLEAR REACTIONS

V. S. Olkhovsky, M. E. Dolinska, S. A. Omelchenko

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

The theoretic origin of the earlier revealed phe-
nomena “time resonances (explosions)” rises either
from the strict self-consistent time analysis of the
final compound nuclei or clots at the range of the
very dense strongly overlapped energy resonances.
Relative to [1], the evolution of the compound-
nucleus surviving (at an instant ¢ during the life and
decay after its formation) can be described by the
following function

t

L) =1- j a1 (o), (1)

(0)
where the emission probability, as it was shown in
[1], will be

102 1 )

-t )Y +1°2/4

From relations (1) and (2) one can deduce the
strongly non-exponential form of /(z) and L(¢), like
scetched in Fig. 1.

The phenomenon of the resonance shape in the
time dependence of the emission probability L°(¢)
was defined in ref. [1] by “time resonance (or explo-
sion)”.

In Fig.2 the new inclusive energy spectra
Oinei(Ey), calculated by us, in arbitrary units and in
semi-logarithmic scale, are presented in comparison
with the experimental data taken from from Ref. [2]
(where @ is the detected angle of the A-fragment
emission).

LC
I(1) 1

Cross-section Log(mbarnisri{(Mev/Nucl))

il 4 & experimental data @ = 120°

(t) A

the width Ty,

~y

0 fn

Fig. 1. L(¢) (curve 1) and I(¢) (curve 2).

i Me +U = p +x (400 Mevihucl)
B & gxperimental data = 30°
& & experimental data & = B0°
A & experimental data = 80°

—— calculated data

0 A0 100 160 200
E (MeV)

Fig. 2. Inclusive energy spectrum of *’Ne+ U — p,
of 400 MeV/nucleon, taken from Ref. [2].

. V.S. Olkhovsky, M.E. Dolinska and S.A. Omel-

chenko, Central Europ. J. Phys., 4, 1 (2006).
J. Gosset, J.I. Kapusta, G.D. Westfall et al., Phys.
Rev. C 18 844 (1978).
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SANEPHA OI3UKA

ON THE MODIFICATION OF THE TRANSFORMATIONS BETWEEN
THE CENTER-OF-MASS SYSTEM TO THE LABORATORY SYSTEM FOR COLLISIONS
WITH TWO MECHANISMS — THE PROMPT (DIRECT OR POTENTIAL)
AND THE DELAYED COMPOUND-RESONANCE COLLISION

V. S. Olkhovsky, M. E. Dolinska, S. A. Omelchenko

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

During long time (from 1981 till 2006), for in-
stance, in [1 - 6] there was revealed and published for
various examples a paradox of the phenomenon of the
appearing of the time advance instead of the time de-
lay at the region of a compound-nucleus resonance,
distorted by the non-resonant background (in the cen-
ter-of-mass (C-) system). This phenomenon was usu-
ally connected with the presence of a minimum in the
cross section, or a zero, besides the resonance pole of
the scattering amplitude, near a positive kinetic-
energy semi-axis in the lower unphysical half-plane
of the Riemann surface of the complex values of en-
ergy. Here such paradox is solved by thorough analy-
sis in the laboratory (L-) system. It is found that the

|
|
|
S ¢
4 i
i

X

a

Moreover, the revealed in 1994 additional change
of the amplitude phase in the C— L transformations
is now concordant with the solving of the paradox of
the phenomenon of the delay — advance, and the
time delays of amplitudes for potential scattering
and for isolate compound-resonances have to be cal-
culated separately, as well as the distance of the mo-
tion of the decaying compound system from the col-
lision point till the final decay in the L-system. The
obtained analytical transformations of the cross sec-
tion from the C-system to the L-system are illus-
trated in [7, 8] by the calculations of energy depend-
ences of cross sections for several examples of nu-
cleon elastic scattering by nuclei 12¢, 1%0, 2si, “Cr,
*Fe and **Ni at the range of distorted resonances in
the L-system.

IIOPIYHUK - 2010

standard formulas of passing from the laboratory sys-
tem to the center-of-mass system are not valid in the
presence of two mechanisms of collisions — a prompt
(direct or potential) process, when the center of mass
is practically not shifted during the collision, and a
delayed process, when the long-living decaying com-
pound nucleus is moving in the L-system. In Figure
these two processes in the L-system are pictorially
presented (they represent the prompt (direct) and the
delayed compound-resonance mechanisms of the
emitting Y particle and Y nucleus, respectively). The
both mechanisms are macroscopically kinematically
indistinguishable but they are microscopically diffe-
rent processes.
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SPECTRA AND ELLIPTIC FLOWS IN A+ A COLLISIONS

M. S. Borysova', Yu. O. Karpenko®, Yu. M. Sinyukov’

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
? M. M. Bogolyubov Institute for Theoretical Physics, National Academy of Sciences of Ukraine, Kyiv

One of the experimental observables that is sensi-
tive to the properties (such as degree of termalisa-
tion, equation of state) of the matter created in A+A
collisions is the azimuthal momentum distribution of
particles in the plane perpendicular to the beam di-
rection. In non-central collisions the geometrical
overlap region and therefore the initial matter distri-
bution is anisotropic (almond shaped). If the matter
is interacting, this spatial asymmetry is converted
via multiple collisions into anisotropic momentum
distribution. The second momentum v, of the final
hadron azimuthal momentum distribution is called
elliptic flow; it is a response of the dense system to
the initial conditions and therefore sensitive to the
early and hot, strongly interacting phase of the evo-
lution.

At RHIC a large value of elliptic flow has been
observed and was one of the key experimental dis-
coveries [1 - 4].

The calculation of spectra and elliptic flows was
done in the frameworks of the hydrokinetic approach
(HKM - Hydro-Kinetic Model) [5, 6]. The following
Bjorken-type initial conditions at 7, =0.5 fm/c for

HKM calculations were assumed: initial longitudinal
flow v, =z /¢t without transverse collective expan-

sion, boost-invariance of the system in the longitu-
dinal direction and Glauber-like initial energy den-
sity profile in transverse plane.

The results of spectra calculations for central col-
lisions are presented at Fig. 1 and elliptic flow for
the impact parameter b = 10 fm with the measured
by STAR collaboration v, for b = 9.0 = 0.5 (30 -
40 %) and b = 10.2 + 0.5 (40 - 50 %) [3] - at Fig. 2.
The calculations within two-dimensional ideal hy-
drodynamics have shown good agreement of the
spectra with STAR experimental data while the el-
liptic flow poorly goes with the measured data.

As for outlook:

The calculated spectra and elliptic flows were
compared to those measured by STAR collaboration

in Au-Au collisions at ,/s,, =200 GeV. To de-

scribe simultaneously the absolute values of pion
spectra, as well as its slope and the anisotropy of
elliptic flow in non-central collisions it is necessary
to account for initial transverse flows in thermal
matter that should be developed at the pre-thermal or
partonic stages and anisotropy of transverse flow,

leading to asymmetry of the transverse momentum
spectra in non-central collisions.
450
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Fig. 1. Transverse spectra of pions escaped until
T = 25.5fm/c from an expanding fireball calculated in
HKM (solid line) and measured pion spectra by STAR
collaboration (triangles).
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Fig. 2. Elliptic flows calculated in HKM (solid line) and
measured by STAR collaboration for different centralities
(squares — 30 - 40 %, triangles 40 - 50 %).
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TWO-PHOTON EXCHANGE IN ELECTRON-DEUTERON SCATTERING

A. P. Kobushkin', Ya. D. Krivenko-Emetov’

' M. M. Bogolyubov Institute for Theoretical Physics, National Academy of Sciences of Ukraine, Kyiv
? Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

We discuss the elastic ed scattering beyond Born
approximation (one-photon exchange, ONE). One
may expect that between different effects appearing in
the second order perturbation theory two-photon ex-
change (TPE) is mostly important.

Neglecting the electron mass the reaction ampli-
tude contains six generalized form factors, but only
three linearly independent combinations of them (we
call them generalized charge, quadrupole and mag-
netic form factors) contribute to the reaction cross sec-
tion in the second order perturbation theory. While the
usual form factors are real functions of one variable

O?, transferred momentum square, the generalized
form factors become complex functions of two vari-
ables, O and scattering angle 6.

In our calculations of TPE [1] we ignore a contri-
bution of meson currents and consider only diagrams,
where virtual photons interact directly with the nucle-
ons (see Fig. 1). There are two types of such dia-

grams. One of them, M’ =M+ M, corresponds to
diagrams, where both photons interact with the same
nucleon, the another type, M" =M} + M}, corre-

sponds to the diagrams, where the photons interact
with different nucleons.

N (2} N f1)

d d’

Fig. 1. Two-photon exchange diagrams. The top diagrams
correspond to M! and M - amplitudes, the bottom dia-

grams correspond to “BOX” M, and “X-BOX” M|
amplitudes.
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We find that role of TPE effects is increased
with increasing of transferred momentum square,
mainly due to diagrams M " .

8 =180°

107° |

10°6 L

B x GrHQ%/4)

107

L 2 3 i ;

Q* (GeV/c)?
Fig. 2. Two-photon corrections in the generalized mag-
netic structure function at @ =180°. Dot-dashed curve
is OPE contribution, full and dashed curves are for
ONE + TPE calculated with CD-Bonn and Paris deu-
teron wave functions, respectively. Data are from [2].

The effect of TPE in the generalized magnetic
structure function (divided by fourth power of the

dipole form factor G,(Q?/4)) at backward region
is demonstrated in Fig. 2. One sees, that at
0’ >2.5(GeV)’ TPE becomes of order of 10 %

and more.
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CEPEJHI PE3OHAHCHI NAPAMETPHU AJEP HUPKOHIIO U MOJIIBJAERY

M. M. IIpaBausuii, 1. O. Kopxk, M. T. Cxasp

Tncmumym soepuux docnioxcenv HAH Yrpainu, Kuis

IToBHMIT HaOip cepemHiX pe30HAHCHUX IapameT-
piB S, Sy, R(') , Rl', S13, Anep LMpKOHIO i MoniOxe-
HY 3 IPUPOJHHUM CKJIAJIOM i30TOIIB OTPUMAaHO HAMH
3 aHaji3y cepelHiX eKCIIepUMEHTaIbHHUX AudepeH-
iaBHUX TIepepi3iB MPYKHOTO PO3CISTHHS HEHTPOHIB
i3 eHeprieto 10 450 keB [1]. BusnaueHns mapamer-
piB 3MiICHEHO NIISAXOM MiATOHKH TEOPETHYHUX BH-
pasiB  KoedillieHTiB po3KiIamxy AudepeHITIaTEHIX
nepepisiB 3a mnoyiiHoMaMmu JIexaHapa Ge, ®;, M 10
iXHIX eKCIepUMEHTAIbHUX 3HaucHb, [lapaMeTpamu
MMITOHKK OyJu pe3oHaHCHI mapameTpu. Pospobire-
HUH HaMW METO]] BU3HAYCHHS MapaMeTpiB yxke yc-
mimHo OyB BUNPOOYBaHWH MpH BU3HAYCHHI PE30-
HAaHCHHX TapaMeTpiB MapHUX 130TOMIB KaaMilo, OJI0-

Ba [2] Ta iHmUWX sgep. Y poOOTi TakoX 3IiHCHEHO
nepeBipKy PeKOMEHI0BaHUX MapaMeTpis So, Si, R,
[3] Ha iX BiNMOBIHICTH EKCIIEPUMEHTAIBHUM JaHUM
(pemty mapamMeTpiB i3 MOBHOTO HA0OPY OTPUMAHO i3
MiATOHKKA TIpH (DIKCOBAaHMX 3HAYCHHIX PEKOMEH-
JIOBaHUX TIapaMeTpiB So, Si, R,). Xoua oTpuMaHi

HaMH TapaMeTpu B MeXaxX MOXHOOK Y3rOKYIOThCS
3 PEeKOMEH/I0OBAaHMMH, BOHH ITOMITHO Kpallle OMHCY-
I0Th €KCIICPUMEHTAJIBHI JIaHi.

VY Tabnuili HaBeIEHO OTPUMaHi HAMU CEpPEHI pe-
30HAHCHI MapaMeTpH ([1Ba BEpXHI PAIKH) Ta PEKO-
MEH/IOBaHi MapaMeTpH (IBa HUKHI PSIKH).

CepenHi pe3oHaHCHI mapaMeTpH siiep HMPKOHIIO i MoJIi0AeHy

Snpo Sy 10* S, - 10* R,, Pm R,, Om Syap - 10° Sy3n° 10*
Zr 0,55(25) 6,00(26) 7,10(26) 1,20(45) 4,44(1,0) 6,78(32)

Mo 0,50(15) 5,20(30) 7,07(25) 4,67(1,25) 1,46(1,3) 7,08(45)

Zr 0,58 6,42 7,20 -0,30 6,02 6,62

Mo 0,59 5,88 6,94 4,17 3,28 7,18

1. 30 Un Ok, B.I'. Hukonenko, A.b. [TonoB u I'.C. Ca-
MocBart, Coobwenus OUANU-P3-85-133 (OUSN, Ay6-
Ha, 1985), 12 c.

2. 1.0. Kopx, M.M. [Ipamusuii Ta M.T. Cxursap, in Proc.
of the Int. Conf. “Curr. Probl. in Nucl. Phys. and At.
Energy” NPAE-Kyiv2006, Ukraine, Kyiv, May 29 -
June 03, 2006 (Kyiv, 2007), p. 599.

3. S.F. Mughabghab, in Atlas of Neutron Resonances
(Resonance Parameters and Thermal Cross Sections),
5" edition (Elsevier, Amsterdam, 2006), Vol. 1.
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SAHNEPHA OI3UKA

FEATURES OF RESONANCE PART OF AMPLITUDES
OF THREE-PARTICLE NUCLEAR REACTIONS

Yu. N. Pavlenko', V. L. Shablov?, N. L. Doroshko', I. A. Tyras®

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
? Obninsk State Technical University for Nuclear Power Engineering, NRNU MEPhI, Obninsk, Russia

Analysis of the amplitudes of the reactions like

pt+T—ok+R—k+i+t] (D
where the excitation and decay of resonances R into
the channel i + j occurs in the presence of accompa-
nying charged fragment £, is given in [1]. The fol-
lowing expression for the squared modulus of the
amplitude of reaction (1) has been obtained taking
into account the influence of the Coulomb field of
accompanying particle k£ on the decay of resonance
far from the decay threshold [1]:

. 27[5 e2§Arcctg£
‘T (kl/pk)‘ = esz_l ’ 1+82

2

'|F|2 ‘Z’U(Eﬁ)

e=2E;,—E)/T’, &=n-v,

N=n,+0, =2 Z Mk +Z,Z 1,/ ky;, 2)

1000 4 a B _. 3 4 1°g
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| T, a.u.

400

200

E,, MeV

10004 4

| T a.u.

where E; — relative energy of particles i and j;
E,, T~ the position and width of isolated resonance

R formed in binary reactions; v, # — the parameters
corresponding the Coulomb interaction of accompa-
nied particle k£ with resonance R as a whole system
and with decay products, respectively; Z;, Z; Z; — the
particle’s charges; u, ty . ki, ki — reduced masses
and relative momenta of the particles k and i(j), re-
spectively; F' — the function depending on the angu-

lar momenta; y, (El,j) — the decay vertex function.

The parameterization of reaction amplitude (2)
predicts the following modifications of resonance
parameters observed in nuclear reactions (1) [2, 3]:
i) at £ = 57 - v > 0 the resonance position is shifted to
the lower energies Ej; ii) if £ =7 - v < 0, the posi-
tion of the resonance is shifted in the direction of
higher energies E;; (see Figure, a). In both cases the
resonance curves are always broadened.

——isolated decay 3
800+

600 -
400
200

]
-200-

400

-600 .7

-800- : :
120 125 130

12

T
13,5 14,0 14,5

E, MeV

15,0

The resonance curves calculated for *B* excited state with E, = 13.6 MeV and I’ = 0.32 MeV [4] which can be ob-
served in the reaction '*'Ta("’B, t'’Be)'*'Ta at E("°B) = 60 MeV and different decay angles in the resonance center of
mass 6,35+ (a). Thick solid line corresponds to the calculation for isolated "B resonance. The dependence of Coulomb
parameter ¢ on the excitation energy of "B* in the reaction '®'Ta("’B, t'°Be)'*'Ta at E('’B) = 60 MeV (dashed-dotted

line) (b).

A new feature of resonance observing in reaction
(1) has been revealed in the analysis of expression (2)
for the kinematical conditions corresponding to the
Coulomb parameter & which is close to zero and with-
in the resonance width changes sign (see Figure, b).

In this case the narrowing of the resonance
curves is observed for resonances far from the decay
threshold (see, for example Figure for 6,33« = 0°, 10°,
20°). Previously it was assumed that this effect is
possible only for near-threshold resonances [2, 3].
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CLUSTER DECAY OF "B RESONANCES INTO DIFFERENT CHANNELS

A. G. Artukh', N. L. Doroshko?, V. V. Ostashko®, Yu. N. Pavlenko?,
A. I Rundel’, Yu. M. Sereda'?, A.V. Stepanyuk®, V.L. Shablov’, I. A. Tyras

! Joint Institute for Nuclear Research, Dubna, Moscow region, Russia
? Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
3 Obninsk State Technical University for Nuclear Power Engineering, NRNU MEPhI, Obninsk, Russia

According to the theoretical predictions [1, 2] the
cluster structure of boron neutron-rich isotopes can
be essentially changed with growth of neutron num-
ber. However, the experimental data on highly ex-
cited states of of boron unstable nuclei are very lim-
ited. For example, for the "B nuclei cluster decay
into the channel a + °Li was observed so far only for
one level with excitation energy 13.6 MeV [3].

The properties of non-isolated decay of "°B reso-
nances into the a + °Li and t + '°Be channels in the
reactions "*'Ta("’B, o’Li)'*'Ta and '®'Ta("’B, t'"’Be)
'""ITa have been analyzed using the modified theory
of interaction in the final state [4]. The amplitudes of
these reactions were calculated for the wide energy
range of B secondary beam (60 MeV < E(“B) <
<500 MeV) and different decay angles of "°B reso-
nances.

1000 a isolated decay
8004 “B*—q+°Li |
s T -
® 6004
N
|_
— 4004 Sy
200 -
0- Ex—.q-;.—’-'--’-""'l’_' ; ——
11 12 13 14 15 16
EX, MeV

, MeV

E

The performed calculations indicate the possibil-
ity of observing a significant shift and broadening of
the spectral resonance curves on the order of the
width of an isolated resonance (see Figure). This
effect is caused by the Coulomb interaction in the
systems ‘“‘acompanying particle — resonance” and
“acompanying particle —the decay products” and
can be observed not only at low, but at sufficiently
high beam energies. Such distortions of the reso-
nance curves can significantly complicate the identi-
fication of the experimentally observed resonances.
In some cases, the discovery of “new” not-existent
resonances is also possible.

1475
L
14,50 —— "B* o+ L
14,25 1 ......... 3gx t +Be
14,004 %
13,751
13,50,
13,25
13,00 : . . |
100 200 300 400 500
E(B), MeV

The resonance curves calculated for *B* excited state with E, = 13.6 MeV and I' = 0.32 MeV [3] which can be ob-
served in the reaction '*'Ta("*B, o’Li)!*'Ta at E("*B) = 60 MeV and different decay angles in the resonance center of
mass (a). Thick solid line corresponds to the calculation for isolated '*B resonance. The energy dependence of maximal
and minimum resonance positions calculated for the decay of "*B resonance with E, = 13.6 MeV and I' = 0.32 MeV into
o+ °Li (solid lines) and t + '°Be (dotted lines) channels in "*B + '*'Ta reaction (b). Dashed line corresponds to the posi-

tion of isolated °B resonance observed in binary reactions.

The results of the calculations will be used at the
choice of the conditions for the identification of
resonance cluster decay of neutron rich boron iso-
topes "B in the experiments with secondary
beams produced by fragment separator COMBAS
(Flerov LNR, JINR) [5].
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DEUTERON INTERACTION WITH NUCLEI *®Pb AT SUB-BARRIER ENERGIES

Yu. N. Pavlenko, K. O. Terenetsky, V. P. Verbitsky, O. 1. Rundel,
I. P. Dryapachenko, E. M. Mozhzhukhin, V. M. Dobrikov, Yu. Ya. Karlyshev,
O. K. Gorpinich, T. O. Korzyna, O. D. Grygorenko

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

Considerable deviation between measured differ-
ential cross sections and Rutherford ones was ob-
served at the study of deuteron elastic scattering on
*%pp nuclei at sub-barrier energy Eq = 7.3 MeV [1].
The experimental data differ also from theoretical
calculations that take into account deuteron po-
larizability and breakup processes.

The proton spectra from “”Pb(d, p) reaction
measured at E; = 7.3 MeV have been analyzed with
the aim to check the grounds for unexpected dif-
ferences between measured and calculated elastic
scattering cross sections. Protons in the exit channel
of d + 2*®®Pb reaction can be observed as the products
of deuteron Coulomb breakup or neutron transfer
reaction *”*Pb(d, p)**’Pb. Wide continuous energy
distribution of protons and peak structure of their
spectra are expected for the first and second process,
respectively.

), mb/(sr MeV)

dQ dE

d’o(

5,5

E , MeV
P

The triple differential cross sections of deuteron
breakup have been calculated according to [2]. For
the estimation of possible breakup contribution to
the measured inclusive spectra of protons the calcu-
lated differential cross sections d’c/(dE,dQ,dQ,)
were integrated over the all possible neutron emis-
sion angles €,. Obtained double differential cross
sections for some angles 0, are shown in Figure, a.
For the comparison with measured inclusive spectra
of protons the target thickness was taken into ac-
count in the calculations using Monte Carlo method.

One can see in Figure, b that the contribution of
stripping reaction is much higher than the probabil-
ity of Coulomb breakup. Measured spectra contain
the protons from deuteron breakup, but this process
is not dominant. The formation of singlet deuterons
in the Coulomb field of heavy nuclei is also possible.
The coincidence measurements of protons and neu-
trons are required to verify this assumption.

30
S b 6, = 120° ?
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Inclusive spectra of protons from deuteron breakup ***Pb(d, p)n®**Pb at Eq= 7.3 MeV calculated for different angles 0, (a).
The proton energy spectrum measured at 0, = 120°, Eq = 7.3 MeV (b). Solid curve shows the spectrum of protons from
deuteron Coulomb breakup calculated using the model described in [2]. Marked peaks correspond to the energy levels
of ?*Pb nucleus from 2Ong(d, p)209Pb reaction: [/ — ground state; 2 — E,=0.78 MeV; 3 — E,=1.57 MeV;

4—-E;=2.54 MeV.

According to the calculations the main yield of
protons from deuteron breakup must be observed at
backward angles. However, the measured backward
proton yield is mostly caused by the neutron strip-
ping reaction *”Pb(d, p)*”’Pb. From this we can
assume that the neutron transfer is dominant mecha-
nism of *®*Pb(d, p) reaction at Eq = 7.3 MeV.
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MIJIBAP’CPHA B3ACMOJIISI JENTPOHIB 3 SIIPAMHM *Ni
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Incmumym si0eprux docnioxcenv HAH Yipainu, Kuig

3 METOI0 BUBYEHHS i30TOMIYHHUX Ta CHEPreTHY-
HUX 3aJIe)KHOCTEH Iepepi3iB PO3CISIHHA Ta PO3MIeT-
JIEHHST JEeHTpOHIB B oOjacTi migdap’epHUX eHeprii
Ha eneKkTpocTatuuHoMy mpuckoproBaui EITI-10K
A1 HAH VYxpainu gociimkeHO Hpys>KHE PO3CISHHS
Ni(d,d) Ta peakuis *Ni(d,p) mnpm eneprii
Eq=5,16 MeB.

ExcnepuMeHTanbHi JaHi 3 MPYKHOTO PO3CISHHS
MTOPIBHIOKOTHCS 3 OTPUMAHUMU paHillle A PO3CisH-
ms1 “*Ni(d, d) mpu emeprisix Eq=3,5 ta 4,5 MeB [1].
Jlst poscistans d + **Ni npu Eq= 5,16 MeB, sk i npu
mikanx  eHeprisx s d+ *Ni, crocrepiraerbes
CYTT€BA BIIMIHHICTh BUMIPSHHUX TIEpEPi3iB PO3CisH-
HS BiJ pe3epPOpIiBCbKUX Ta PO3paxOBaHUX Teope-
TUYHO 3 ypaxyBaHHSIM MPOLECIB pO3ILEIUICHHS ACH-
TPOHIB Yy KYJIOHIBCBKOMY TOJi siapa wimeHi. Sk i
OYiKyBaJIOCh, BIJIHOILICHHS MeEpepi3iB PO3CISHHS 10
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pe3epopaiBCbKUX B OOJIACTI BETUKUX KYTIB 3MCH-
HIYETHCS 3 POCTOM €HEpril NeHTPOHiB.

Bussieni BiAMIHHOCTI eKCTIEpUMEHTAIBHUX 1 Te-
OPETHYHHUX TEPEepPi3iB MPYKHOTO PO3CISTHHS MOXKYTh
OyTH B3yMOBJIEHI HEBPaxOBaHUM Yy pPO3paxyHKax
MpoIlecoM 3puBY HelTpoHa. Ha me Bkasye momiHyro-
unii BHecok peakuii ““Ni(d, p)”Ni y ¢opmysansi
IHKJTIO3UBHUX CIEKTPiB MpOTOHiB. [Ipukiax BUMips-
HOT'O CIEKTpa MPOTOHIB HABEJCHO HA PHUCYHKY, d.
CHexTp mepeBa)kHO CKIIATAETHCS 3 MiKiB, IO BiAIO-
BiJIalOTh YTBOPEHHIO CTaHIB (200 rpyIu CTaHiB) sjpa
Bimmaui ©Ni. Oxpim TOTO, OCHOBHHI BUXIiJl TPOTOHIB
CITOCTEPITAETHCS TIPH CHEPTiAX BHIMUX, HIK MaKCH-
MaJlbHa €HEprisi HEMepepBHOTO PO3MOALTY MPOTOHIB
y Tpuuactuukoiit peaxuii “’Ni(d, p)n®*Ni, moxaza-
HOT'O Ha PUCYHKY, @ IITPHUXOBOIO JIHIEIO.
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EnepreTudHuii CrieKTp MPOTOHIB, III0 BUMIPIOBaBCS MMiJ KYTOM 0, = 80° (a). CTpinkaMu MOKa3aHO IMOJIOKEHHS IIKiB,
110 Bi/IMOBIZAIOTH BHECKAM 30y/KEHHs eHepreTHdHux craniB sapa “Ni B peakuii “Ni(d, p)*Ni (uudposi 3HaueHHs —
eHeprig 30ympkeHHs B MeB), cyminsHa KprBa — po3paxyHOK CyMapHOTO IXHBOTO BHECKY 3 ypaXyBaHHSM TOBIIWHHU Mi-

meHi 3a MeTonoM Monte-Kapiio, mTpuxoBa KpuBa — po3paxOBaHUl 3TiTHO 3 HaBEICHUM B [2] anropuTMOM

CIIEKTp

TIPOTOHIB, 3yMOBIICHHIT MPOIECOM PO3LICIUICHHs AeiTponis B peakiii ““Ni(d, p)n®Ni. KyToBi 3amexHocTi BUX01y mpo-
Tonis B peakii d + Ni (6). Toukamu MOKa3aHO CyMapHHil BUMIpSHUI BHXIi/ POTOHIB 3 E, > 1,5 MeB (crartuctuusni
NOXHUOKH HE MEPEeBUILYIOTh po3Mipu Touok). [lTpuxoBa KpuBa — BUKOHaHUIT 3rifiHO 3 [2] po3paxyHOK BUXOY HPOTOHIB

y peakuii po3uieruieHHs AeHTPOHIB.

CriBBiTHOIICHHS BKa3aHUX MEXaHI3MIB peakiii
62Ni(d, pP) MOXHA OIHUTH TaKOX 13 HaBEeACHUX Ha
PUCYHKY, 6 KYTOBHX 3aJIeXXKHOCTEH pO3paxoBaHOTO
st peakwii ““Ni(d, p)n®Ni BEX0y NpOTOHIB Ta Cy-
MapHOTO BUXOJY, OTPUMAHOTO EKCIIEPUMEHTABHO.
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ELASTIC dd-SCATTERING AT ENERGIES 12 <E4<52 MeV

0. O. Belyuskina, V. 1. Grantzev, V. V. Davydovskiy, K. K. Kisurin, S. E.Omelchuk,
G. P. Palkin, Y. S. Roznyuk, B. A. Rudenko, V. S. Semenov, L. I. Slyusarenko,
B. G. Struzhko, |V K. Tartakovskiy|

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

Differential cross sections for elastic scattering
of deuterons by nuclei of deuterium in the cyclo-
tron U-240 of the Institute for Nuclear Research,
National Academy of Sciences of Ukraine were
measured on the extracted deuteron beam with
energy Eq =36,9 MeV. For the description of elas-
tic deuteron-deuteron collisions has been used dif-
fraction model in which the interaction of each
nucleon of the incident deuteron with each of the

two nucleons of the deuteron target was considered.

Such a model using Gaussian wave functions may
lead to an adequate description of experiments for
relatively small angle of deuterons scattering in the
cm @ < (kR)'? < 60°. At angles of 0°<@ < 60° and
120° < 9 < 180° applicability of the diffraction ap-
proximation for the energy range of incident deu-

terons 12,305 MeV <E;<51.5MeV quite well
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satisfied, because value of the boundary angle
0 ~ (kR)"? ~ E; " for this energy range E, varies little.
A satisfactory agreement with experiment for all the
energies of the incident deuterons E; was obtained. At
the deuteron energy Eg;=12 MeV agreement is also
observed in the range of angles 110°<g,,, < 145°. Con-
sidering the range of angles 60°< @ < 120°, where the
experimental cross section is very small, we used a vari-
ant of the semiclassical approximation, which reduces to
the consideration of the collision of two identical im-
penetrable balls, simulating deuterons, this approxima-
tion allows qualitatively describe the cross section in the
whole range of angles 0°< @ < 180°. In the theoretical
interpretation of the data on elastic scattering, we take
into account the identity of the colliding particles. The
results are reported in the Figure.

1000

D(d, d)D 25,3 MeV

do/dQ2, mb/sr

100 4

1000 T T T
. D, dD 515MeV  , .

100
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180

Analysis of differential cross sections for elastic scattering of deuterons by deuterons for energies of theincident deu-
teron Ed: 12,305 MeV [1], 25,3 MeV [2], 39,6 MeV (our data) and 51,5 MeV [3]. / - the calculation in the framework
of the diffraction nuclear model taking into account the nucleon structure of the colliding particles;
2 - without; 3 - calculated in the classical approximation.
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REGARDING THE FEATURES OF THE ELASTIC dd-
AND dt-SCATTERING AT ENERGIES E;<100 MeV

O. O. Belyuskina, V. I. Grantzev, V. V. Davydovskiy, K. K. Kisurin, S. E. Omelchuk,
G. P. Palkin, Y. S. Roznyuk, B. A. Rudenko, V. S. Semenov, L. 1. Slyusarenko,

B. G. Struzhko, V. K. Tartakovskiy|

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

Experimental study of dd- and dt-scattering was
performed at the cyclotron U-240 of the Institute for
Nuclear Research, National Academy of Sciences of
Ukraine on the extracted deuteron beam with energy
Eq = 36,9 MeV. The data obtained are shown in
Figs. 1 and 2 together with those of other authors at
energies 12 <E4< 100 MeV. Comparing the angular
distribution of elastic dd-and dt-collisions at differ-
ent energies can be traced the influence of structural
features of the colliding few-nucleon systems on
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their interactions at energies E4< 100 MeV. With
increasing number of neutrons in the isotope of the
target “H—"H, angular dependence of the elastic dd-
and dt-scattering changes significantly at the angles
B> 60°. At low deuteron energies Eq~12-14
MeV differential cross sections of dd-scattering de-
creases with increasing of angle up to 0., = 90°, then
gradually increase with the scattering angle. In the
angular distribution of dt-scattering at these energies,
an intense peak centered at 0, = 100° is observed.
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Fig. 1. Angular distributions of deuterons scattered by Fig. 2. Angular distributions of deuterons scattered by nuclei

deuterium nuclei at energies of 12.1 [1], 12.03 [2], 25.3
[3], 36.9 (our data), 51.5 [4] and 70 [4] at cm.

With increasing energy the angular distributions
of deuterons begin to show structure, ie indicate a
minimum at @,,~60° and a broad maximum
centered at an angle 9.,~90°. A similar trend is
seen with further increase of energy of the incident
deuterons [4]. In the angular distributions of
dt-scattering - in the range of angles 60° < @, < 140°
we can see the "disappearance" of the secondary
peak, leading to a gradual change of cross sections
in this angular range. The explanation of the
observed effects was given within the diffraction
model.

1.

2.
3.

of tritium at energies of 14.4 [1] 29.15 [5], 36.9 (our data)
and 39.9 [6] at cm.
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ISOTOPIC EFFECTS IN ELASTIC AND INELASTIC 2C +!'0Q-SCATTERING
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Complete angular distributions of the ?C + '®0 elastic and inelastic scattering were measured at the en-
ergy Ep('°0) =105 MeV [1] (Fig. 1).
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Fig. 1. Angular distributions of the *C + '*O elastic scattering at
the energy Ej.('*0) =105 MeV [1] (a) and the >C + '°O elastic
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tations of the states in the target and projectile nuclei.

Fig. 3. Energy dependence for the

HIOPIYHHUK - 2010

r (fm)

Fig. 2. Optical potentials for the '*C + 'O interac-
tion versus the same for '°C + '°O (dashed curves).

Comparison of these elastic scattering data with those from previ-
ously measured '°C + '°O data [2] shows their large angle cross sec-
tions to differ by as much as by factor 100 with the '°O data being the

£ 3 These and data taken from the literature at the energies E.,,= 12.9 -
3 I E -56 MeV were analyzed within the optical model and coupled-
E=emit ‘&111 grirrprere reaction-channels (CRC) methods. The sets of Woods-Saxon '*C + *O
Mf‘f‘ = optical potential parameters (Fig. 2) were obtained and their energy

A similar analysis was carried out for '*C + '°0 where it was shown
that over a wide energy range, the primary difference in the '°O and "*O
scattering potentials is in their imaginary parts. The large angle en-
hancement for the '>C + '®0 elastic scattering was shown to arise from
the transfer of two nucleons. The inelastic scattering data were well
described over the entire angular range as arising from collective exci-

PC+"0  (solid curves) and 1. A.T.Rudchik, Yu.O. Shyrma, K.W. Kemper ef al., Eur. Phys. . A 44, 221
2C+'°0 (dashed curves) potential (2010).
parameters. 2. N.P.Nikoli et al., Phys. Rev. C 61, 034609 (2000).
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Complete angular distributions of the °C + '*O s 0% v
elastic and inelastic scattering were measured at the 2 - Pc + 0
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For the first time, angular-distribution data for 10 * g B AMABANARRRRREEE R
“C + O elastic and inelastic scattering at 10 oc’o."0)"
E("®0) = 105 MeV are reported. These data were 1 Bu(10) = 105 Mev

B0* — 3.555 MeV (4%)

analyzed with the optical model and coupled-
reaction channels (CRC) methods. (Fig. 1).
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In the *C + 'O elastic channel, the potential
scattering dominates at angles 6., < 120°. One- and 1
two-step transfers have substantial contributions to i
the elastic scattering only at backward angles where 107t[
the cross section is of the same magnitude as that for E
the inelastic scattering.

The transitions to the excited states were calcu-
lated using the rotational and vibrational models.

The collective transitions to excited states in '*C and

. . 12,13, 14 18 .
"0 dominate the scattering over the full angular ~Fig. 3. Comparison of the C+ O'g‘)ten“algs for the
region (Fig. 2) energy Ep,(°O) = 105 MeV (curves <“C>, <-C> and

14 . 14 16, 18 _ .
The "C + '“'™0 potentials differ strongly only 2 ?;g)rjsfgsc t;;[/zg agil) Ean?lsO)C:l 1 I\C/)[egft[?]tzzl)s for
their imaginary parts which is similar to that found ™ e '
in the '> ' 1C + "*0 potentials (Fig. 3).
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Angular distributions for the "Li(**0, '°N)’Be re-
action at an energy of Ej('*0) = 114 MeV for the
ground and excited states of ’Be and '°N were
measured firstly (Figs. 1, 2).

1

rrrrryrrrrrrrrrrrrrrrrrrrrrrrrrrg
"Li(**0,'*N)°Be
Ew('®0) = 114 MeV

[ure
[=]
1

IS

cd v vl vl bl v

do/dQ (mb/sr)

[
o
|
o

—-
o
|
~2

F T T T T T T Ty T TR T T T TR, T 1T

N~

-
o
|
@
-
¢

Covol vvvvnd vl u ok

NI oS R A AN B A R I S A A A AT AT S AN A S AR

30 80 90 120 150 180
Ocm. (deg)

Fig. 1. Angular distribution of the "Li("*0, '"N)’Be reac-
tion at Ey(*0) = 114 MeV for transitions to the ground
states of “Be and '®N. The curves show the CRC calcula-
tions for different transfers.
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The data were analyzed within the coupled-
reaction-channels (CRC) method for one- and two-
step transfers of nucleons and clusters. The "Li + '*O
optical potential fitted to the 'Li + '*O elastic and
inelastic scattering data was used in the CRC
reaction calculations [1]. The needed spectroscopic
amplitudes for transferred nucleons and clusters
were calculated within translational-invariant shell-
model. The reaction dominates by deuteron transfer.

The °Be + '°N potential parameters for ground
and excited states of *Be and '°N were deduced by
fitting "Li("*0, '°N)’Be reaction data (Fig. 3).
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Fig. 2. Angular distribution of the "Li(**0, '*N)’Be reac-
tion at Ej('*0) = 114 MeV for transitions to the excited
states of “Be and '’N. The curves show the CRC calcula-
tions for deutron transfers.
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Fig. 3. Comparison of the ’Be + '°N (solid and

deshed curves) with its foldind-potential (curve

<fold>) and imaginary part of the Li + 'O potential.
1. A.A.Rudchik et al., Nucl. Phys. A785, 293 (2007).
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COMPARISON OF THE ’Li(**0, "N)*Be AND "*0(d, *He)'’N REACTIONS
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New angular distributions for the reaction
Li("*0,""N) ®Be at an energy of E('*0)=
=114 MeV for the ground states of *Be, ''N and
excited states of "N were measured firstly (Figs. 1
and 2).
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Fig. 1. Angular distribution of the "Li(**0, "N)*Be reac-
tion at Elab(ISO) = 114 MeV for transitions to the ground
states of *Be and '"N. The curves show the CRC calcula-
tions for different transfers.
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These data and the '*O(d, *He)''N reaction data
known at £4 = 52 MeV [1] were analyzed within the
coupled-reaction-channels method (CRC) using "Li
+ %0 [2] and 'O + d [3] optical potential deduced
from the elastic and inelastic scattering fitting. The
shell-model spectroscopic amplitudes were used in
the analyses. The reactions dominate by single pro-
ton transfer.

The *Be + "N and '"N + *He potential parameters
for ground and excited states of '’'N were deduced
by fitting "Li(**0, '"N)*Be and "*0(d, *He)''N reac-
tion data. Fig. 3 shows the *Be + ''N potential.

1. D. Hartwig et al. Z. Physic 246, 418 (1971).
2. A.A.Rudchik et al. Nucl. Phys. A785, 293 (2007).
3. F. Hinterberger ef al. Nucl. Phys. A111, 265 (1968).
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CONFLICTING COUPLING OF THE UNPAIRED NUCLEONS AND THE STRUCTURE
OF COLLECTIVE BANDS IN ODD-ODD NUCLEI

A. L Levonl, A. A. Pasternak’

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
? Physical-Technical Institute, St. Petersburg, Russia

There are two coupling schemes of the unpaired
nucleons in odd-odd nuclei refering to two different
mutual orientations of their angular momenta. If the
unpaired neutron and proton are coupled to the de-
formed core in the same way, the situation is termed
“peaceful” coupling of the unpaired nucleons to the
deformed core. In this case the structure of the collec-
tive bands can adequately be described in terms of the
model “axial rotor + quasi-particle”. If the neutron
and proton are coupled to the core with the angular
momentum of one nucleon being oriented along the
symmetry axis and the other along the rotation axis,
the coupling of the unpaired nucleons with the de-
formed even-even core is referred to as “conflicting”.
Such coupling can be realized in nuclei in which the
nucleons of one kind just start to fill the Nilsson orbits
belonging to a definite single-particle /j, decoupled
(strong coupled), and the orbits of the nucleons of the
other kind are almost filled, strong coupled (decoup-
led). Such a situation can be found in the regions of
nuclear masses 110, 135, 170, 200.

One of manifestations of the “conflicting” cou-
pling was considered in our paper [1]: the reduced
M1 -transition probabilities between collective-band
levels in the odd-odd nuclei are enhanced in com-
parison with those in the neighboring odd nuclei
with strong coupling of the odd nucleon. The aim of
the present investigation is the structure of the col-
lective bands in those odd-odd nuclei that are based
on the “conflicting” states particularly the reduction
of the energy intervals in the beginning of the “con-
flicting” bands relative to the bands in the neighbor-
ing odd nuclei.

Theoretical consideration of the problem leads to
the conclusion that there is a correspondence be-
tween the “conflicting” bands in the odd-odd nuclei
and the rotation-aligned bands in the odd nuclei. In
the rotation-aligned bands the angular momentum of
the odd nucleon does not influence the structure of
the rotational band which is similar to that of the
neighbouring even-even nucleus and the decoupled
nucleon can be considered as a spectator. In the case
of “conflicting” bands in odd-odd nuclei the decoup-
led particle can be considered as a spectator but its
role is somewhat more complicated. In the quasi-
classical approximation, one obtains for the ratio of
the moments of inertia

sin@odd

(1)

TJodd—odd = Jodd—F—,
81n0odd—odd

where @ is the angle between the vector of the total
angular momentum and the symmetry axis.

For the energy intervals AE(, I - 1) in the odd-
odd and the odd nuclei one obtains

8118 odd—odd
AV gi—pda = ————F——AF 44 (2)
sinb,qq
212 15
3 . :
£ 2000 — 192 14
> E—
17/2° 13
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1000 . 117
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72"
0- exp. cal
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Ba 130,

Energy spectra of the “conflicting” band in '*’La based
on the state (vgy, & 7h;;,)8 and the band in 'Ba based
on the neutron state g7, strongly-coupled to the core.

Thus the energy intervals of the “conflicting” ro-
tational bands in the odd-odd nuclei are close to
those of the bands in the neighbouring odd nuclei
based on the state of strongly-coupled nucleon enter-
ing the “conflicting” configuration with the excep-
tion of the low-lying intervals. Figure presents the
comparison of the rotational band in '*°La based on
the state (z/g7, ®1rhy;,)8- with the strongly-coupled
neutron and the decoupled proton, and the band in
the odd '*’Ba based on the neutron state (g7,)7/2+.
The spectrum of the band in "*°La calculated by
above expressions is also shown in Figure.

1. A.I Levon, J. de Boer, A. A. Pasternak, and D. A.
Volkov, Z. Phys. 343, 131 (1992).
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I3OMEPHI BIJJHOIIEHHS NMPOAYKTIB ®OTOSJAEPHUX PEAKIIINI
HA sAJPAX CPIBJIA TA IHAIIO

0. A. Besmmiixo', O. L. Boain?, JI. O. Toainka- Besmmuiiko', A. M. Josons’, I. M. Kagenxo',
B. A. Kymnip®, O. 1. Jleson’ B. B. Mitpouenko’, C. M. Ouiiinux’, I'. E. Tysiep

! Kuiscoruii nayionanvnuii ynisepcumem imeni Tapaca Illesuenka, Kuis
? Inemumym isuxu sucoxux enepeiti ma sdepnoi izuxu HHL] XTI, Xapxie
? HIK «Ipuckoprosauy HHI] XTI, Xapxis
? Incmumym sdeprux docnioncens HAH Yipainu, Kuis

3a octaHHI POKH BifOYBCS TIOMITHUH TIpOTpec y
PO3BHTKY TEOPETHYHHX Ta MOJIENLHHUX MiJXOJIB B
onuci (POTOAACPHUX PeaKiliii B 00JACTI eHEpriid BU-
1Ie TIraHTCHKOTO TUIOJILHOTO PE30HAHCY. Y TOH XKe
Yac HEJOCTaTHS KINBKICTh JCTATbHHX CKCIepH-
MEHTAJbHUX MAHUX 13 B3aeMOJil raMMa-KBaHTIB 3
siIpaMu B i 00J1acTi eHEepriii CHIIbHO 0OMEXYE SK
MepeBipKy MOAENBHUX MiAXOJiB, TaK 1 3araibHe
pO3yMiHHS TIPOIIECIB B3a€EMOii TaMMa-KBaHTIB 3
SIIPaMU B [[bOMY €HEPreTHYHOMY J1aIa3oHi.

Mertoro naHoi po6oTH OyJI0 OTpUMAaHHS €KCIIepH-
MEHTAJIBHUX JaHUX Ta PO3PaXyHOK i30MEpPHHUX Bill-
HOILICHb ISl siAep MPOJYKTIB peakliil 3 BUIBOTOM
GaraThOX HYKJIOHIB, TaKHX AK ' ™In, mo yTBOpIO-
etbcss B peakimisx  “In(y, 3n)''"™¢In  Ta
"In(y, 5n)''"™¢In; sapa '®*™¢In, mo yrBOprOETHCS B
peakmii 'In(y, 7n)'®™¢In; '"™€Ag mo yTBOpIOETH-
ct B peakmii U Ag(y,3n)'"™Ag i peakuii
"9 Ag(y, 5n)'*™¢Ag npu onpomiHeHHi sgep MimeHi
raMMa-KBaHTaMH T'aJIbMiBHOTO CIIEKTpa.

[Ipu mocnmiKeHHSIX BUKOPUCTOBYBalach aKTHBA-
mifHa MeToauKa. B sSKOCTI Kepena TallbMiBHOTO
BUIIPOMIHIOBaHHS BUKOPHCTOBYBABCSI JIIHIHHUN TPH-
ckoproBad JIY-40 HarionanbHOro HayKOBOTO LEHTPY
“XapkiBchkuii (pizuko-TexHIYHUN IHCTUTYT [3].

Komu pospsiaka i30MepHOTO PiBHS BiIOyBa€eThCS
HIJISIXOM 130MEPHOTO TIepeX0/ly Ha OCHOBHHHU PiBEHb
Ta Oera-po3naay, a po3maj 3 OCHOBHOTO PIiBHS e
TITBKH Yepe3 OeTa-po3man Mpu He3MIHHOMY B daci
MOTOII TaMMa-KBaHTIB, MOJYKHA 3alMCaTh CUCTEMY
nudepeHuitHuX piBHSHG [ 1, 2]

N

_ZYm_’im'Nm

dt ; (1)
WNe oy a N +p- Ay N

PR A AR m

ne N,, i =g m - 3aCeNeHICTb OCHOBHOTO (MeTacTa-
OiEHOTO) PiBHS; Yz i=g, m - BHUXiH peakmii 3

YTBOPEHHSIM KIHIIEBOTO SApa B METAacTaOlIbEHOMY
(OCHOBHOMY) CTaHi; ﬂm , ﬂg - CTaJi po3maay OCHOB-

HOTO Ta 130MEpHOT0 CTaHy; p - KOeQilieHT po3raiy-
JKeHHsI (BiIHOIIEHHS HMOBIPHOCTI MEpexoay 3 i30-
MEpHOTO PiBHSI Ha OCHOBHHUH J0 TTOBHOI MIMOBIpHOCTI
po3nany i30MepHOTo PiBHA).

Jns BUDanKy, KOJNM B pe3yibTaTi Oera-pos3many
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i30MEPHOTO Ta OCHOBHOTO CTaHIB PO3PSIKa KiHIEBO-
ro siapa OOYMOBJIGHA BHITPOMIHIOBAaHHSIM TaMMa-
KBaHTIB Ta i€ Yepe3 OJMH 1 TOM caMHii piBEHb, PO3-
B’s130K cuctemu (1) HaBemeHo B podoTi [4]. [3omepHe

BIJIHOILICHHS BU3HAYAJIOCH K Yh<Ey) / Y](Ey) , Je
Y, (Ey) - BHXiJ peakilii 3 yTBOpEHHSM KiHIIEBOTO

sqpa 3 OUTBIIMM CITIHOM (OCHOBHUIA CTaH); Y,(Ey) -

BUXiJl peakiii 3 YTBOPEHHSM KiHIEBOTO sapa 3
MEHIINM CITIHOM (METacTaOlIbHUI CTaH).

Jnst BU3HAYCHHS 130MEPHOTO BiJHOIIECHHS BUXO-
B ama sagep "Ag — mpoaykty —peakuii
' Ag(y,5n)! A g, 1MLy HOPOIAYKTY peaKiil
"In(y, 5n)!'"™Em, 1%men OPOIYKTY peakiii
In(y, 7n)'®™n  BuKOpHCTOBYBaNHCS 3paskd 3
BHCOKHMM 30aradeHHsSM II0 BiATIOBIIHOMY i30TOITY
(muB. TabMHIIO).

BeanuuHu i3oMepHUX BiAHOLIEHH BUXOIIB
JJIS1 TOCTiIZKYBaHUX siiep

Peakuus E,. d

7Ag(y,3n) """ 2Ag 33 0,88 0,14
34,5 1,04 0,10
36,5 1,26 + 0,05
38,5 1,39 + 0,08
" Ag(y,5n) """ Ag 84 1,88 0,08
"BIn(y,3n)""¢In 32 0,31 +0,07
34 0,44 + 0,07
36 0,62 + 0,06
38,5 0,54 + 0,04
41,5 0,52 + 0,05

"BIn(y,5n) """ €In 56 0,4+ 0,04
75 0,67 +0,13
79 0,83 + 0,08
84 1,02 +0,02

"BIn(y,7n)'%"€In 84 0,9 +0,25

1. R. Vinskd and R. Rieppo, Nucl. Instr. and Meth. 179,
525 (1981).

2. D.Kolev, E.Dobreva, N.Nenov, and V. Todorov,
Nucl. Instr. and Meth. in Phys. Res., A 356, 390,
(1995).

3. A.H. losOusa, H.U. Aiizankuii, B. H. Bopuckun u
op., BAHT Cep.: Anepuo-dus. uccien., Ne 2 (46), 11
(20006).

4. 0O.A Bezshyyko., L.O. Golinka-Bezshyyko, I.M Ka-
denko, et al., in Proc. 2-nd Int. Conf. “Current Prob-
lems in Nuclear Physics and Atomic Energy”, Kyiv,
June 9 - 15 2008. Kyiv (Kyiv, 2009), p.252.
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BO3BYKJIEHUE IO3UTPOHAMU "*'"Ta

N. H. BumnneBckuii, B. A. ZKearonoxcknii, A. H. CaBpacos

Hucmumym adepnuix uccreoosanuii HAH Yxpaunel, Kueg

[Ipn aHHUTHISAIMHA TO3UTPOHOB CO CBS3aHHBIMHU
ATOMHBIMH DJIEKTPOHAMH MPUCYTCTBYET OIpEeIeH-
Hasi BEpOSTHOCTH Iepenadyr BCeH dHEePTUU aHHUTH-
JAOUA sApy. To ecTh MPOUCXOMUT Tporecc decdo-
TOHHOW aHHUTHJISAIIUY,

Hamu wuccnenoBaHo Bo30yKIaeHHMS Ta npu
O0Jy4eHHH MHWIIEHH M3 €CTECTBEHHOTO TaHTala
TO3UTPOHAMH U3 pacraga *Ti ¢ rpaHHYHON SHEPrH-
et 1,0 MaB. Oo6pa3sery BTi ¢ Tz = 3,1 4 ObLT TIOMTY-
4eH B peakimu (p, n) Ha “Sc (MOHOM30TOM) Ha
yckoputene Y-120 USAN HAH VkpauHsl.

B otnensHoO# nmabopaTopuu cobupanack cOopka,
n3o0pakeHHass Ha puc. 1. Jlns oTnenenus Bo30yx-
nernst "*""Ta BbI3BaHHOTO Gec)OTOHHON AHHUIHIIS-
LMeil 0T ero BO3MOXHOTO BO30YXKICHHSA B PEaKIUU
(v, v") ucronp3oBaKch JBE MUIICHU TaHTana. Yepes
64 oOnydeHus cOopka pa30Hpanrach, OCHOBHas
(6mmxnsas k PTi) u doHOBas (HaNbHSA) MUIICHH
TaHTaJla U3MEPSUINCh HA aHTUKOMIITOHOBCKOM CITCK-
TpoMeTpe. C HeIbio ONpeesIeHus INIOTHOCTH TIOTO-
Ka TIO3UTPOHOB, Y-CIIEKTP MHUIICHH ~Ti OBLI H3Me-
peH 4epe3 11Ba JTHS Tocie 00IydeHus] 00pasiioB TaH-
Tana, MOCNe CHIKCHHS aKTHBHOCTH “Ti 0 M3Me-
psiemoro ypoBHA. brina omnpeneneHa MHTEHCHBHOCTD
y-muann 1408 k9B, KkoTopas compoBoXIaer
B+—pacna;:[ sep “Ti u ee BBIXOX pasen 0,085 %, a
BbIxon Y511 k3B — 100 %.

180m

45
Ti +
— B *y

—_—

Ta P
|B.+Y ‘ T

0.085 2
TonwwuHa, rlem’

b Ta
3

0.14 0.14

Puc. 1. Ctpykrypa cOopku,
KOTOpasi HCIIOJIb30BAJIACh IPH O0IyYCHUH

Hcnonb3yss uHTEHCUBHOCTH Y-TuHUU 1408 k3B
u3 pacnaga Ti, GbUTa ONpeneneHa IUIOTHOCTH IMO-
TOKa MO3UTPOHOB Ha HAdano OOJIy4YEHHUS MHUIIEHEH
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TaHTAlla [IO3UTPOHAMH U3 pacmaza *Ti. OHa cocTa-
Buma ¢ = 1,3 - 10° em™c”'. Mi3mepsiemast akTHBHOCTE
'808Ta  ompenensizack 1O Y-TMHHM C  9HEprUeil
93,3 x3B (puc. 2). B u3mMepeHusx UCIOIb30BAINCH
MHUILIEHN TaHTana TOJMUHOH 0,25 MM.

B y-criektpax B 3T0# 001aCTH BCer/ia MPUCYTCTBY-
10T (QoHOBBIC Tepexomsl ¢ dJHeprued 92,28 wu
92,35 3B (puc. 3). OmgHako pa3pelIeHHE HAaIIero
CHEKTPOMETpa TO3BOJUIIO HAAEKHO pa3AeiHTh 3TH
TepexoIel OT TUHUH Y93 k3B (cM. puc. 2) 1Mo 3Hepruu.

Oreu.
50+
v 92.28 kaB + y 92.35 kaB
1 OH
45 ® 193 k3B
Ta
40
.
35+
304 ®
X
) ™
254 ® E kB
88 90 92 94 9 98

Puc. 2. ®parMeHT y-crieKTpa OCHOBHOW MHILICHH TaHTaJa.

Orcu.
¥92.28 kaB + y 92.35 kaB
60 - ¢oH

40 -

E, kaB

88 90 92 94 96 98

Puc. 3. ®parmeHT y-cekTpa pOHOBOI MUIIICHHU TaHTAaJA.

U3 monmy4yeHHBIX IKCIEPUMEHTAIBHBIX 3HAYCHHUH
s¢dexTnBHOE cedeHue 0ecPOTOHHON aHHUTHIIALNN
cocrapuno o’?=(1,7+03)-107cm’ mpu  E,,=
=1,0 MaB.
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WCCJIEJJOBAHUE BO3BYKJIEHUS 8 N3OMEPOB B HEUETHO-HEYETHBIX SIJIPAX
H61208hL B (p, n)-PEAKLIAM

A. E. bop3akoBckuii, U. H. BumineBckuii, B. A. Kearono:xkckuii, A. H. CaBpacon

Hucmumym soepruix uccreoosanuii HAH Yxpaunol, Kueg

H3Mmepenre M30MEPHBIX OTHOLICHUH SBISETCSA B
HEKOTOPBIX CIy4asX YHUKaJIbHBIM METOJIOM IIOJTy-
4yeHus: MHGOpMAaLUU O PacIpelesCHUH IUIOTHOCTH
BO30Y’KICHHBIX COCTOSHUM B 00JaCTU BbIILIE IPAHU-
bl GepMHu, CpeIHEM YIIIOBOM MOMEHTE KOMIIAYH]I-
A1pa, MYJIbTUIIONIBHOM COCTAaBE Y-U3Iy4eHHS, Pa3-
PSDKAIOILIET0 COCTOSHMS B OOJIACTH HETPEPHIBHOTO
crekTpa (KOMIayHI-cOCTOsIHUS). Takum oOpasoM,
U3y4YEeHHE W30MEPHBIX OTHOIIEHUH B pEakLUsIX C
3apsDKEHHBIMM  YaCTHIIAMH  IO3BOJIIET TONYYHTh
MHOOPMAIIMIO O MEXaHMW3ME SJCPHBIX pEeakuui, a
TaKXXe M3YYUTh CTPYKTYpy M CBOWCTBa BO30YX-
JEHHBIX COCTOSHMM KaK B OOJIACTH HEIPEPHIBHOTO
CIIEKTPA, TaK U BIMSAHWS AUCKPETHBIX COCTOSHHH B
obmnactu 0 - 2 MaB. Ponb AMCKPETHBIX COCTOSHHIMA
0CcOOEHHO MPOSIBIISIETCS MPH OOJBIION pa3HHULIE CITH-
HOB I, - I, B okononoporooit obnacTu. Panee Hamu

Obla TOKa3aHa pellaloIias poib  HU3KODHEP-
TETUYECKUX BBICOKOCTIMHOBBIX COCTOSHUHM Ha MpH-
mepe (y, n)-peaxupu Ha 2'Sb [1]. Jnst storo Gsuia
MpeIoKeHa METOAMKa y4eTa TakuxX cocTossHui. C
LEINBI0 JalbHEHIIero N3yUeHHs BIUSIHUS CTPYKTYPBI
JUCKPETHBIX YPOBHEH HaMM ObUIO IPOBENCHO HC-
cnenoBanue (p, n)-peakiuyu Ha uzoromax ' o''*12Sh,
KOTOpO€ TPHBOAUT K 00Pa30BaHMIO BBICOKOCITHHO-
BBIX 8  M30MEPOB BO BCEX ITHX SIIPAX.

MHu1eHn U3 €CTECTBEHHOIO 0JI0BAa TOIIIHUHON 20
- 30 MxMm oOiywanuce Ha yckoputene Y-120 mpu
sHepruu NpoToHOoB 6,7 MsB. O0nydeHHbIE MUTIIEHN
m3Mepsuch Ha Ge-cnektpomerpe ¢ 3 eKTHB-
HocThio peructpaunn 30 % 1O CpaBHEHHIO C
Nal(Tl)-nerexropom pasmepamu 3 X 3", um JHepre-
THYECKHM paspelenneM 2 k3B ua y-muamsax “Co.

H30MepHbIe OTHOWIEHHsI CedenHii B (P, N)-PeaKIuu 1/l HeNaPHO-HeNapHLIX sixep ' ' 2*Sh

WUsoron | E(11/2) | Wsoronm | E(8) | E©) | Y(11/2+8) E o(8)/c™"10* o(8)/c""10*
e 296 1Sb 383 682 679 828 4.6(4) 3
7e 261 183p 249 568 510 2012 54(6) 40
2iTe 294 1203p 0 300? 294 3238 74(7) 100
15T 248 1228h 164 414 412 3435 85(4)* 110

* JlaHHBIC B3ATHI U3 PaOOTHI [2]

Ha pucynke npuseznen ¢pparmeHT y-cnekrpa. Kak
BUIHO, HAMH YBEPEHHO HAOJIOAAIOTCSI aKTUBHOCTH
118m,ng

KonuuecTtso oTcuetoB- 103

onuuecTso orcueros-102 120
25 *  sb
20}
1-5 | 1035 1050 N E;Iggg 'Y 1229
i /?1:,?:3 TR

1.0} /
0.5 w (W A

1050 1100 1150 1200 1250

E, k3B

®OparmMeHTHI crieKTpa 00Ty4eHHOW MHIIEHH 0JI0Ba.

HIOPIYHHUK - 2010

[TomyueHHbIe JaHHBIE O M30MEPHBIX OTHOIICHUSIX
CEYEeHUHN paJMOAKTUBHBIX SA€P C Pa3sHBIMU I'paHUY-
HBIMH JHEPTUsIMH Y-KBAaHTOB IIPUBEICHBI B TaONHUIE.
B ar0if ke Tabnuile NpUBElEHBI Jpyrue JaHHbIE: E'
— MakCUMaJibHasl SHEprus BO30YXIEHHS sIpa 1mociie
BBUIETa HEUTPOHA C HyJIEBOI 3Heprueil; E — sneprus
M30MEPHBIX COCTOSSHWMA 11/2° B HEYETHBIX sApax
Tetypa, 8 U 6 - COCTOSHHMIA B HEUCTHO-HEUETHBIX
AIIpax CypbMBI, K3B.

1. B.A. Xentonoxckuit u A.M. Caspacos, 13B. PAH.
Cep. pusz. Ne 74, Ne 6, 861 (2010).

2. BUI. baruit u E.A. CkakyH, Ilpor. u te3. nokn. 41-ro
Cosenr. no sizep. ¢pus. u crtpyk. arom. sapa (Hayka,
Mumck, 1991), c. 248.
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ENERGY AND CORRELATION PROPERTIES OF “SHAKE-OFF” ELECTRONS
AT B-DECAY AND INTERNAL CONVERSION

N. F. Mitrokhovich

Institute for Nuclear Research National Academy of Sciences of Ukraine, Kyiv

The effects of "shake-off" coupled with sudden
change charge of nuclei at B-decay or effective
charge at internal conversion on probability are
comparable to probability of a basic process. Elec-
trons of "shake-off" on our data [1 - 4] are hardly
correlated with B-particles, being released together
with them in the same hemisphere. This circum-
stance is important in measurements low-energy
electrons with B-particles or conversion electrons. It
is also important for analysis of correlation motion
of particles in general.

We have measured the yields of electrons of
"shake-off" per one act decay and they correlation to
an outgoing direction with a momentum main parti-
cle (B-particle, conversion electron (CE)). The
measurements accomplished on the installation of
coincidence 7y-quanta and P-particles with e,-
electrons of the secondary electron emission (yPe,-
coincidences). They were performed at the decay of
'"?Eu with selecting y344 for study at B-decay or
Y1408 for study at internal conversion. The registra-
tion of "shake-off" electrons was fulfilled on
e,-electrons, created by them. In this way Y yields
"shake-off" electrons by means of e,-electrons was
determined as Y "= N(y; e,)/N(y;) for random di-
rections particles, and as Y ° = N(yiee,)/N(yie) for
their correlated directions. Here 1 = 344, 1408 and e
means B-particle, or CE. Value correlation (Y) of the
direction of emitting particles was determined as
Y= YW=0 /YW:4TE.

On obtained data (see Figure) results on "shake-
off" at B-decay and internal conversion qualitatively
are the same and following. Energy spectrum of
"shake-off" electrons is low-energy and in 70 %
placed up to 500 eV. They both have particular qua-
lities in region 300 - 350 eV as some peaks. As long
as energy conversion electron much smaller energy
beta-particle (on the average), the energy conversion
particular qualities, apparently, on this cause, is
smaller. Obtained results means that the simple de-
scription of spectrum "shake-off" in an approaching
of suddenness by means of an integral of overlap-
ping of wave functions not it is enough.

Correlation of emitting "shake-off" electron
along direction motion main particle is large. The Y
increases with energy of an electron of "shake-off"
qualitatively follows to relation Y ~ E'2, i.e. is pro-
portional to momentum electron of "shake-off". It
some points to interaction, responsible for correla-
tion motion of "shake-off” electron and particle
(B-particle or conversion electron), as interaction of
currents from moving this charge particles.

Y 1.70(15)
100 1 7.7(23)
801 % Y1u0s€cCsn
| : : 2.88(33) |—=— Va4aPCsh
60 L 10.2(27)
40
20
0 -
0 200 400 600 800 E: eV 1000

The differential spectra of electrons of “shake-off” at
B-decay (solid square dots) and internal conversion (open
circle) in '’Eu, obtained from measurements of
vee,-coincidences. The values of a correlation Y for dis-
charged areas are adduced. The upper values relate to
internal conversion, lower, accordingly, to B-decay.

1. N.F. Mitrokhovich, in Proc. of Int. Conf. “Current
Problems in Nuclear Physics and Atomic Energy”,
Kyiv, 29 May - 3 June, 2006 (Kyiv, 2007), Part 1,
p.- 412.

2. N.F. Mitrokhovich and V.T. Kupryashkin, Nucl. Phys.
At. Energy. Ne 1(19), 61 (2007).

3. N.F. Mitrokhovich, Nucl. Phys. At. Energy. 11, 136
(2010).

4. N.F. Mitrokhovich, in Book of Abstracts of the 3-rd
Int. Conf. “Current Problems in Nuclear Physics and
Atomic Energy”, Kyiv, 7 - 12 June, 2010 (Kyiv, 2010),
p. 84.
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HHU3KOSHEPITETHUYECKHUI CHEKTP JJIEKTPOHOB,
BO3HUKAIOIUIA TP BOMBAPJIMPOBKE MEJHOM MHUIIEHU o-YACTHUIAMM **Pu

B. T. Kynpsmkusn, Jl. II. Cugopenxo, A. U. @eoxtucros, E. Il. PoBenckux

Hnemumym sodeprvix uccnedosanuti HAH Yrpaunvl, Kues

MeronoM BpeMEHHBIX (0le)-COBITaICHUN HCCe-
JIOBaH HHU3KODHEPTETUUYECKUN CIIEKTP 3JIEKTPOHOB,
BO3HUKAIOIUX MpH OOMOapIupoBKe MEITHON MHIIIe-
HH O-9acTHIAMH > Pu. M3Mepsizach 3aBHCHMOCTb
CKOPOCTH c4YeTa coBMajeHnid N OT BEIHYUHBI 3a-
JEPXKUBAIOIIETO TOTEHIIMAa Ha CETKE, TOPMO3SIIIeH
aieKTpoHbl, miua 3Hadenuit U =0, -10, -20, -40, -
60, -100, -200 u -400 B. U3smepeHust sHepreruye-
CKOTO CIEKTpa DJIEKTPOHOB MPOBOIWINCH B IBYX
TEOMETpHUSAX: Ha MPOIyCKaHWE W Ha OTpakeHue. B
9KCTIIEpUMEHTE Ha MPOIYCKaHNE UCTOYHUK O-4aCTHUI]
pasmerancs BOau3u mutieHu. [Ipu sToM O-9acTUIist
MPOXOJAT Yepe3 MUIICHb U PETUCTPUPYIOTCS ACTEK-
TOPOM, KOTOPHIM TpEeACTaBIseT co0OW COOpKY u3
IBYX MHKpPO- KaHAIBHBIX TUIACTHH B BUE IIEBPOHA.
ONeKTPOHBI, UCITyCKaeMble U3 MHUILIEHH P ee OoM-
OapaMpOBKE O-9aCTHUIIAMH, TaKXKe PETUCTPUPYIOTCS
JETEKTOPOM Ha OCHOBE MHUKPOKAHAIBHBIX IUIACTHH.
B skcnepuMeHTe Ha OTpaskeHHE HENOCPEICTBEHHO
3a MUIICHBIO paCIoNarajics ACTEKTOp O-YacTHIl, a
caM HCTOYHHK TEePEHOCHIICS Ha MECTO, T/Ie PaHbIlIe
CTOSII JETEKTOp O-vactuil [1].

B kauectBe mpuMmepa Ha puc. 1 mpuBeaeHbI y4da-
CTKH BPEMEHHBIX CIEKTPOB (CL€)-COBIAJCHUHA TIPU
3HAYEHUAX 3ajiepkuBaroniero norennuaita U=0 u
U =-400 B.

eU=0s8 00 6) eU=40038

400

Mponyckaxue MponycraHe

-7 Orpaweuna o~ OTpamanue

200

1]

: : 2 | . : . .
200 400 Ny &00 200 400 Ny BOO

Puc. 1. JIeBblii UK — ANIEKTPOHBI OKOJIOHYJIEBON 3HEPTHH;

mpaBelii — MUK ObICTphIX 3nekTpoHOB (U=0 B) (a);

crektp npu U = -400B — Tonpko OBICTpBIE 31EKTPOHEI (0).

[Muku OBICTPBIX IEKTPOHOB B SKCIIEPUMEHTAX Ha
MPOITyCKaHWE W Ha OTPaKEHHUE CYIICCTBEHHO OTJIH-
YalTcs OJWH OT JAPYroro mo cBoeit mpupojue. s
OnpeaAcJICHNd MHTCHCHUBHOCTHU JJICKTPOHOB HMOHM3A-
LMY HY)KHO M3 HHTEHCUBHOCTH ITHUKA OBICTPBIX AJICK-
TPOHOB B CIIEKTPE Ha MPOIYCKAHHWE BBHIYECTH €r0
WHTEHCHUBHOCTH B CIIEKTpe Ha oTpakenue [1].

HIOPIYHHUK - 2010

OKCHEpPUMEHTAIFHOE pacIpelieICHUE CpaBHU-
BaJIOCh C TEOPETHYECKHUM, TJe HWOHH3AIHsS aTOMOB
npu 6oMOapIMpPOBKE WX 3apSHKEHHBIMU YaCTHLAMU
paccMaTpHUBaeTCsl KaK CTPSIXHUBAHHUE DJIEKTPOHOB B
HENPEPBIBHBIN CIIEKTP MPH BHE3AITHOM BO3MYIIICHUN
UX 3apsKEHHOM YacTHIle.

[omy4enHble pe3ynbTaThl MPeACTaBICHbI Ha PHC. 2.

N dN/dE
6000 4 60

* exp

40004 40

20004 20

o 10 200 300 400
E=eU, 3B

Puc. 2. CpaBHeHHE 3KCTIEpUMEHTAIBHBIX JaHHBIX C pac-

MMpeACICHUEM, PACCUNTAHHBIM JIA 3JICKTPOHOB, BCTPAXU-

BaeMbIX ¢ M3 u M 4 s-mogobonouex [1].

CpaBHEHHE TOIYYEHHOTI'O JKCIEPUMEHTAIBHOTO
pacrpeneneHus AIEKTPOHOB C PACUETHBIM ITOKa3aJio
XOpOIIIee COTJIaCHe, YTO MOXKET CIYKHTh ITOATBEP-
KICHUEM MPABUILHOCTH ONUCAHUS MOHMU3AINH aTo-
Ma MpoJeTaroueil 3apsHKeHHOW YacTHIIeH Kak KBaH-
TOBO-MEXaHWUYECKHHA TEPEX0J] CUCTEMBI M3 Hadallb-
HOTO, HEHTPAJILHOTO COCTOSIHHS, B KOHEYHOE, BO3-
Oy»XJIEHHOE COCTOSIHUE, ITOJI JICHCTBUEM BHE3AITHOTO
BO3MYIIIEHUS C BBIJIETOM JJIEKTPOHA B HETIPEPHIBHBIN
CIIEKTP ¥ 00pa3oBaHNEM BAKaHCHH B aTOME Ha MECTE
€ro BBLIETA.

1. B.T. Kynpsmkin, JL.II. Cugopernko, O.1. ®eokricToB
ta E.I1. PoBencrkux, YOX 55, 757 (2010).
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O MVYJIbTUINOJbHOCTH TAMMA-IIEPEXOJA C SHEPIHEM 129 k3B B "'Ir

A. II. Jlamko, T. H. JIamko

Hucmumym adepnuix uccreoosanuii HAH Yxpaunel, Kueg

OOmenpyu3HaHHBIM METOAOM, II03BOJIIOIIMM C
BBICOKOW TOYHOCTBIO ONPENENATh CMELIMBaHUE
MYJIBTHIIONBHOCTEH PagUallMOHHBIX MEPEXO0I0B, SIB-
JSIeTCsl CpaBHEHUE AaOCONIOTHBIX MM OTHOCHUTENb-
HBIX KO3()(UIMEHTOB BHYTPEHHEH KOHBEPCHH
(KBK) ¢ ux TeopernyeckuMu 3HaueHusMH. [lo-
CKOJIbKY TEOpHsI BHYTpEHHEH KOHBEpPCHHU Y-Tyded B
HacTosIIee BpeMs NpeTeHayeT (1 HeOe30CHOBATE b-
HO) Ha ToyHOCTH pacdera KBK oxomo mporenra,
TaKUM METOJIOM MOXKHO TOJyYUTHh OUYEHb TOYHEIC
3Ha4YeHHs MapameTpa cMmemuBanus O. OHaKo, KOr-
Jla pedb UIET O 3aTOPMOXKEHHBIX mepexoaax, B KBK
BO3MOXKHBI aHOMaJHU, O00yCIIOBIeHHBIE 3(dexTom
[IPOHMKHOBEeHMs. MX BenMumHa XapaxkTepusyercs
napaMeTpoM MPOHUKHOBEHHs A. B 3Tux cmydasx
aHamm3 dKcrnepuMeHTanbHBIXx KBK  Heob6xommmo
MPOBOJUTH C y4eTOM 3Toro 3ddekra.

HIMeHHO Takasi CUTyalus CKJIagbIBAacTCs HPHU OIl-
peleieHNH  MYJIBTHIIOJIBHOCTH  BHYTPHUIIOJIOCHOTO
M1 + E2-nepexona ¢ smeprueii 129 k3B B "°'Ir (cm.
PHUCYHOK) MEXZIy YPOBHSIMHU POTALMOHHOHM ITOJIOCHI
5/2" m 3/2", mocTpoeHHOi Ha OJHOYACTHYHOM CO-
crosuuu 3/2" 3/2[402].

9/2" 15.4 nueii
WLOS
<
B rofo
12 % 171.28
&
9
qp Q‘fo
5/2° N ) 129.43
&
X\
v
12 e 82.42
3/2° 0

191
Ir

Cxema pacraza ' Os.

OOBIYHO KOJUICKTHBHBIE TIEPEXO0Ibl YCKOPEHBI, HO
B JaHHOM ciy4ae M1-KOMIIOHEHT 3aTOPMOXEH B
40 pa3 Mo CpaBHEHHWIO C OJHOYACTUYIHBIMHU OIICHKA-
Mu Balickonda u3-3a 01M30CTH BEIUYUH g-(PaKTO-
pPOB ISl BHYTPEHHETO U KOJUICKTUBHOTO JIBHXKCHUU
gk u gg. CrnemoBaTenbHO, U3 IKCIEPUMEHTAIHHBIX

sHaueHnii KBK B 3ToM ciydae HeoOXomuMo orpe-
JeTISITh YKe JIBa MapameTpa — CMEIIMBAHUS O U MPO-
HUKHOBEHHs A. JIJis 3TOr0 Hy)KHO HMMETh JaHHBIC
Kak 00 a0COIOTHBIX, TaKk U oTHOocuTeabHBIX KBK Ha
pasHBIX MOJ000JI0YKaX aToMa, U3MEPEHHBIE C BO3-
MOJKHO 0oJiee BRICOKOH TOYHOCTBIO.

Ucrounnkn '*'Os GbUTH MONYYEHBI B PEAKIUH
(n, ¥) mpu 00ITyYEeHUN OCMHUEBBIX MUIIICHEW Ha peax-
tope BBP-M UM HAH VYxkpauHbl TEMIOBBIMU
HeHUTpoHaMH. MUIIICHH U3TOTABJIMBAIUCH MyTEM
HambUICHUS B BakyyMme oOoramienHoro ao 91,2 %
°0s Ha amOMHUHHEBYIO MOMTOKKY. CIIEKTPBI 71K~
TPOHOB BHYTPEHHEH KOHBepcuu mnepexona y129 k3B
Ha L-mogo6onoukax '*'I 6pumm M3MEPEHBI C BHICOKOU
TOYHOCTBIO TIPH IOMOIIM MAarHUTHOTO [-CHEKTPO-

MeTpa THIla 72 ¢ KenesHbIM SIPMOM U PagdyCcoM
paBHOBeCHO# opOHUTHI 50 cM.

[lomyuensl crnemyrone 3HAYEHWs] OTHOIIECHUI
WHTEHCUBHOCTEH JMHUN 3IIEKTPOHOB BHYTPEHHEH
KOHBEPCHU:

L,/L; =0,3076 = 0,0030,
Lsy/L; =0,1653 + 0,0008.

Onu OBLIN HCTIOIB30BaHbI COBMECTHO C JJAHHBIMU
pabotsl [1] o KBK atoro nepexona na K-o6omouke
Oy og = 2,134 + 0,014 nns HaXOXKIECHUA TapaMeTpa
cmemmBanus O(E2/M1) u mapamerpa MpOHUKHOBE-
Hus A. Cucrema ypaBHEHWH it aOCONIOTHBIX H
otHocutenpHbix KBK [2] pemanace mo wmeronmy
HaUMEHBITUX KBanpaToB. UTOOBI M30EKATh JIOKAJIh-
HBIX MUHUMYMOB, Ha4aJIbHbIC 3HAYCHHSI A U O HAXO-
JIWIACH U3 PELICHUsI CUCTEMBbl ypaBHEHHH rpaduye-
CKUM METOJ0M. Pe3ynbTaThl MOATOHKU CIEAYIOLIUE:

A=1,22+0,09,
|8(E2/M1)| = 0,3907 + 0,0010.

[lony4yeHHOE HaMM 3HaUYEHHE MapaMeTpa CMEILH-
Banus O(E2/M1) xopomio cornacyercsi ¢ JTaHHBIMA
KOPPEJIIMOHHBIX U3MEPEHUH, HO UMeeT OoJiee BbI-
COKYI0 TOYHOCTh. Bennunna mapamerpa mpOHUKHO-
BeHHUs A st M 1-KOMIIOHEHTa Y-Tiepexo/ia ¢ SHEPrH-
eit 129 k3B B "°'Ir onpeiernena BrepabIe.

1. N. Nica, J.C. Hardy, V.E. Iacob et al., Phys. Rew. C
71, 054320 (2005).

2. R.S. Hager and E.C. Seltzer, Nucl. Data Tables A 6, 1
(1969).
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FIRST RESULTS OF THE EXPERIMENT TO SEARCH FOR 2B DECAY OF '"Cd
WITH THE HELP OF 'CdwO0O, CRYSTAL SCINTILLATORS

P. Belli', R. Bernabeil’z, R. S. Boik03, V. B. Brudanin4, F. Cappellas’ﬁ, V. Caracciolo’, R. Cerulli’,
D. M. Chernyak®, F. A. Danevich®, S. d'Angelo'?, A.E. Dossovitskiy®, E. N. Galashov’,
A. Incicchitti*®, V. V. Kobychev’, S.S. Nagorny’, F.Nozzoli', B. N. Kropivyansky’,
V. M. Kudovbenko®, A. L. Mikhlin®, A.S. Nikolaiko®, D. V. Poda®’, R. B. Podviyanuk’,
0. G. Polischuk®, |D. Prosperi®, V. N. Shlegel’, Yu. G. Stenin’, J. Suhonen', V. I. Tretyak’,
Ya. V. Vasiliev’

! Istituto Nazionale di Fisica Nucleare, Sezione di Roma Tor Vergata, Rome, Italy
? Dipartimento di Fisica, Universita di Roma " Tor Vergata”, Rome, Italy
? Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
* Joint Institute for Nuclear Research, Dubna, Moscow region, Russia
7 Istituto Nazionale di Fisica Nucleare, Sezione di Roma, Rome, Italy
% Dipartimento di Fisica, Universita di Roma “La Sapienza”, Rome, Italy
7 Istituto Nazionale di Fisica Nucleare, Laboratori Nazionali del Gran Sasso, Assergi (AQ), Italy
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? Nikolaev Institute of Inorganic Chemistry, Novosibirsk, Russia
' Department of Physics, University of Jyviiskyld, Jyviskyld, Finland

Neutrinoless double beta decay (0v2) is a power-
ful tool to investigate properties of neutrino and
weak interaction. '*Cd has one of the highest value
of Qs = 2770 keV among 23" nuclides, which al-
lows three modes of decay: 2B (emission of two
positrons), €B" (electron capture with emission of
positron) and 2¢ (double electron capture).

A cadmium tungstate crystal scintillator enriched
in '%°Cd to 66 % was developed with the aim to real-
ize an experiment to search for double beta proc-
esses in '°Cd [1]. An experiment with this crystal is
in progress in the DAMA R&D set-up at the Labora-
tori Nazionali del Gran Sasso of INFN. The energy
spectrum of Y(B) events accumulated with the
%CdWO, detector over 1320 h is presented in
Figure. We have estimated radioactive contamina-
tion of the '“CdWO, scintillator relatively to U/Th
(total o activity) on the level of = 2 mBq/kg. The
main components of background of the detector is
active '*™Cd (112 Bg/kg) and **’Bi (1.3 mBg/kg).

By analysis of the experimental data, limits on 2[3
processes in '"°Cd have been established on the level
of 10" - 10 yr, in particular (all the results at 90 %
C.L.): Tin(0v2e) > 3.6-10°yr, T\n(2vef) >
>7.2-10" yr, and T,(2v2B") > 2.5 - 10*° yr. Reso-
nant Ov2e processes have been restricted as
T1p(0V2K)>1.4- 10 yr and Ty»(0OVLK) > 3.2 %
10° yr. A possible resonant enhancement of 2e
processes was estimated in the framework of QRPA
approach. A sensitivity of the experiment to differ-
ent 2B processes in '°Cd after ~3 yr of measure-
ments is expected to be on the level of 10°' yr.

IIIOPIYHUK - 2010
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Energy spectrum of y(B) events measured with '®CdWO,
scintillator over 1320 h in the low-background set-up.

(Inset) B decay of '"™Cd dominates at low energy (the
data obtained over 268 h).

The support of the group from the Institute for
Nuclear Research (Kyiv, Ukraine) by the project
“Kosmomikrofizyka-2” (Astroparticle Physics) of
the National Academy of Sciences of Ukraine is
acknowledged.

The preliminary results of the experiment were
presented at the NPAE-Kyiv2010 International Con-
ference [2].

1. P.Belli et al., Nucl. Instr. Meth. A 615, 301 (2010).

2. P.Belli et al., in Proc. of the 3-rd Int. Conf. NPAE-
Kyiv2010, June 7-12, 2010 Kyiv, (Kyiv, 2011),
p- 428.
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SEARCH FOR 2 DECAY OF CERIUM ISOTOPES WITH CeCl; SCINTILLATOR

P. Bellil, R. Bernabeil’z, F. Cappella3’4, R. Cerullis, F. A. Danevichﬁ, A. d’Angelo3’4, A. Di Marcos,
A. Incicchitti**, F. Nozzoli®, V. L. Tretyak®

! Istituto Nazionale di Fisica Nucleare, Sezione di Roma “Tor Vergata”, Rome, Italy
2 Dipartimento di Fisica, Universita di Roma “Tor Vergata”, Rome, Italy
3 Istituto Nazionale di Fisica Nucleare, Sezione di Roma, Rome, Italy
4 Dipartimento di Fisica, Universita di Roma “La Sapienza”, Rome, Italy
’ Laboratori Nazionali del Gran Sasso, Istituto Nazionale di Fisica Nucleare, Assergi (AQ), Italy
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The neutrinoless (0v) double beta (23) decay of
atomic nuclei (A, Z) — (A, Z £ 2) + 2¢* is forbidden

in the Standard Model (SM) since it violates the
lepton number by two units; however, it is predicted
in many SM extensions. The double beta decay ex-
periments are considered as the best way to deter-
mine an absolute scale of the neutrino mass, to probe
the nature of the neutrino, to establish the neutrino
mass hierarchy, to search for the existence of right-
handed admixtures in the weak interaction, and to
test some other effects beyond the SM.

During the last two decades the experimental
sensitivity to the Ov2p~ decay mode reached levels
up to 10% - 10* yr. In the SM the two neutrino (2v)
double beta decay is an allowed rare process; to-date
it is the rarest decay observed in direct laboratory
experiments. It was detected only for 10 nuclides,
and the corresponding half-lives are in the range of
10" - 10* yr. So far the experimental investigations
in this field have been mainly focused on the 23~
decays, while the results for double positron decay
(2B"), electron capture with positron emission (ef"),
and capture of two electrons from the atomic shells
(2¢€) are much more modest (the most sensitive ex-
periments gave limits on the 2B, ¢B” and 2¢ proc-
esses at level of 10" - 10*' yr [1]). Nevertheless,
efforts are in progress in this direction since the
studies of the neutrinoless 2¢ and €B" decays could
help to determine a contribution of right-handed
current to the 23~ decay [2].

An interesting case is the Cerium. In fact, it offers
three double beta decaying isotopes: '*°Ce, **Ce and
42Ce, and the recent development of new scintillat-
ing materials containing Ce also allows the exploita-
tion of the efficient “source=detector” approach. In
particular, the "*°Ce is a very interesting isotope
since the high energy release allows the 2B" decay
mode, which is energetically possible only for 6
candidate nuclei. Moreover, some resonant neutri-
noless 2e captures in *°Ce to the excited states of
the *°Ba are also energetically allowed.

Here we report the results obtained in the investi-
gation of the 23 processes in Ce isotopes using for the
first time the CeCls crystal as a scintillator. Double
beta processes in *°Ce, '**Ce and '**Ce have been
searched for by exploiting the active source approach
with the help of a 6.9 g CeCl; crystal as a scintillator
at the Gran Sasso National Laboratory (LNGS) of the
INFN (Italy). The total measurement time is 1638 h;
even such a small exposure has allowed the achieve-
ment of some improved half-life limits on 23 decay
processes in these isotopes at the level of 10" - 10"
yr. In particular (all the limits are given with 90 %

CL): T+ (%%Ce) > 8.8 10" yr, T/%* (Ce) >
>24-10"yr, T35 (%5Ce)23.2- 10 yr,

TIK (%8Ce) 2 4.4 10 yr, TP (¥Ce) > 1.4 x

10" yr.

The obtained results support the interest in realiz-
ing larger mass and longer exposure deep under-
ground with new CeCl; crystal scintillators exploit-
ing the active source technique. It should be also
stressed an advantage of much better energy resolu-
tion of CeCl; crystal scintillator (FWHM = 5% at
662 keV 7 line of *’Cs) in comparison with f.e. CeF;
crystal scintillators (= 18% at the same energy) [3].
Particular interest is offered by the 2v2e decay mode
of *°Ce, whose half-life is expected to be in the
range 10" — 10% yr by theoretical estimates [1];
thus, there could be some hope for the detection of
such a process in near future.

A paper describing the results of the experiment
is published in J. Phys. G [4].

1. V.L Tretyak and Yu.G. Zdesenko, At. Data Nucl. Data
Tables 61, 43 (1995); 80, 83 (2002).

2. M. Hirsch et al., Z. Phys. A 347, 151 (1994).

3. P.Belli et al., Nucl. Instrum. Meth. A 498, 352
(2003).

4. P.Bellietal,]J. Phys. G38,015103 (2011).
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SEMI-EMPIRICAL CALCULATION OF QUENCHING FACTORS
FOR IONS IN SCINTILLATORS

V. L Tretyak

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

For a long time it is known that amount of light
produced in scintillating material by highly ionizing
particles (protons, o particles, heavy ions) is lower
than that produced by electrons of the same energy.
Thus, in a scintillator calibrated with electron and/or
v sources (which is an usual practice), signals from
ions will be seen at lower energies (sometimes up to
40 times) than their real values. Knowledge of these
transformation coefficients — quenching factors — is
extremely important in prediction where the signal
should be expected in searches for dark matter parti-
cles or in studies of rare o decays.

Semi-empirical method of calculation of
quenching factors for scintillators is developed. It is
based on classical Birks formula [1] that uses the
total stopping powers for electrons (dE/dr). and ions
(dE/dr); calculated with the ESTAR [2] and SRIM
[3] codes, respectively. The ion quenching factor Q;
at energy £ is defined as the ratio of light yield of
the ion to that of an electron of the same energy:
0;= L/L,., where

E E
L= J' d—EdE L= J‘ dE
°1+kB (j 0
dr ),

The method has only one fitting parameter (the
Birks factor £B) which can have different values for
the same material in different conditions of
measurements and data treatment. A hypothesis is
used that, once the kB value is obtained by fitting
data for particles of one kind and in some energy
region (e.g. for a few MeV o particles from internal
contamination of a detector), it can be applied to
calculate quenching factors for particles of another
kind and for another energies (e.g. for low energy
nuclear recoils) if all data are measured in the same
experimental conditions and are treated in the same
way. Applicability of the method is demonstrated on
many examples including materials with different
mechanisms of scintillation: organic scintillators
(solid CgHg, and liquid Ci¢His, CoHyp); crystal

scintillators (pure CdWO,;, PbWO,, ZnWO,,
CaWO0,, CeF;, and doped CaFy(Eu), CsI(Tl),
CsI(Na), Nal(Tl)); liquid noble gases (LXe).

Estimations of quenching factors for nuclear recoils
are also given for some scintillators where
experimental data are absent (CdWO,, PbWO,,
CeF;, BiyGe;0y,, LiF, ZnSe). Examples of calcula-
tions are given in Figs. 1 and 2.
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Fig. 1. Quenching factors for o particles in CaWO,
measured in [4] and their fit with B = 6.2 mg MeV ™" cm ™.
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Fig. 2. Dependence of inverse of the relative light output
at E;=18 keV, normalized to that for electron at
E.=6 keV on ion’s Z number: squares are experimental
points from [5], and circles are calculated values with
kB =17 mg MeV™' cm™ found by equating experimental
and theoretical values only at one point (for protons).

The work is published in [6].
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All six naturally occuring isotopes of platinum
are potentially unstable in relation to o decay.
However, only for one of them, Pt (with the
biggest energy release of Q, = 3251(6) keV), this
process was experimentally observed to-date (the
currently recommended half life value is equal
6.5+0.3 - 10" yr). In all previous works, Pt o
decay was observed only to the ground state (g.s.) of
'860s. However, the first excited level of '*°Os
(J®=2") has quite low energy: E.,. = 137.2 keV, and
energy available to o particle in decay to this level
Q. =3114(6) keV is not much lower than that in the
g.s. to g.s. transition. Our theoretical estimates of the
corresponding half life gave values in the range of
Ty, = 10" - 10" yr. This allowed to hope to discover
the '""Pt — "*%0s(2")) decay through observation of
the 137.2 keV v quantum emitted in deexcitation of
the '"0s’ nucleus with a well-shielded low-
background HP Ge detector even using a Pt sample
with natural isotopic composition with very low
percentage of '’Pt (0.014 %).

The measurements were performed deep under-
ground in the Laboratori Nazionali del Gran Sasso
(LNGS) of the INFN (Italy) at the depth of 3600 m
w.e. Two platinum crucibles, exploited in the LNGS
chemical laboratory, were used as the Pt sample with
the total mass of 42.5 g. Data with the Pt were
collected with HP Ge detector (GeCris, 468 cm®)
during 1815.4 h, while background spectrum of the
detector was measured during 1045.6 h. The energy
resolution of the detector is FWHM = 2.0 keV for
the 1332 keV v line of “Co. To reduce external
background, the detector was shielded by layers of
low-radioactive copper (~10 cm) and lead (~20 cm);
the set-up has been continuously flushed by high
purity nitrogen (stored deep underground for a long
time) to avoid presence of residual environmental
radon. Part of the spectrum accumulated with the Pt
sample in comparison with the background in the
energy range of 100 - 700 keV is shown in Fig. 1.

Peak at energy of 137.1 £ 0.1 keV after o decay
Ppt — ™0g(27)) is clearly visible in the Pt
spectrum being absent in the background. Its area of

132+ 17 counts corresponds to
Tyn =2.6""5(stat.) £ 0.6(syst.) 10" yr. An up-
dated scheme of the '*°Pt decay is shown in Fig. 2.

Half life limits for o decays of other Pt isotopes
with emission of ¥ quanta were also determined (at
the first time) on the level of 10'° — 10% yr.

A paper on the results of the experiment is sub-
mitted to Phys. Rev. C.
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Fig. 1. Energy spectrum of the Pt sample with mass of
42.5 g measured during 1815 h in the 100 - 700 keV
energy interval (upper part), and in more detail around the
137 keV region (lower part). The background spectrum
(measured during 1046 h but normalized here to 1815 h)
is also shown (filled histogram).
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Fig. 2. Old (a) and new (b) schemes of o, decay of '*°Pt.
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The Solotvina experiment [1] demonstrates impor-
tant properties of CdWO, crystals required for high
sensitivity 23 decay experiments. Another applica-
tion of CdWO, scintillating crystals is search for
double B processes in '*’Cd. One of the highest for
2B" nuclides value of Q= 2770 keV allows three
modes of decay: 2B" (decay with emission of two
positrons), €B” (electron capture with emission of
positron) and 2¢ (double electron capture).

A cadmium tungstate crystal scintillator enriched
in '%Cd to 66 % (natural abundance is 1.25 %) was
developed with the aim to realize an experiment to
search for double beta processes in '°°Cd. Samples
of cadmium with natural isotopic composition and
enriched in '"°Cd were purified by vacuum distilla-
tion. Cadmium tungstate compounds for crystals
were synthesized from solutions. Contamination of
the cadmium samples and synthesized compounds
were controlled by mass-spectrometry and atomic
absorption spectroscopy. The absolute isotopic com-
position of the enriched cadmium was accurately
determined by thermal ionisation mass-spectro-
metry. A 1%CcdwoO, crystal boule, with mass of
231 g (87 % of initial mass of powder), was grown
by the low-thermal-gradient Czochralski technique
(see Figure). The total irrecoverable loss of enriched
cadmium on the stages of purification, raw material
production, crystal growth, and scintillation element
production does not exceed 2.3 %. The produced
1%cdwo, crystal scintillator with mass of 216 g
enriched in '®Cd exhibits excellent optical and scin-
tillation properties. In particular, the energy resolu-
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tion FWHM = 10 % was measured with 662 keV vy
quanta of "*’Cs source.

Boule of '*CdWO, single crystal grown
by the low-thermal-gradient Czochralski process.

The support of the group from the Institute for
Nuclear Research (Kyiv, Ukraine) by the project
“Kosmomikrofizyka” (Astroparticle Physics) of the
National Academy of Sciences of Ukraine is ac-
knowledged. The work of the group from the Ni-
kolaev Institute of Inorganic Chemistry (Novosi-
birsk, Russia) was supported by the RF President
Grant NSh-636.2008.3.

A paper describing the results of this work is
published in [2].
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Neutrinoless double beta decay (0v2p) is a rare
nuclear process able to give very important informa-
tion about properties of neutrino and weak interac-
tions. Only the measurement of a OV2f3 decay rate
could establish the Majorana nature of the neutrino,
participate in the determination of the absolute scale
of neutrino masses and test lepton number conserva-
tion. '"Mo is one of the most promising 2 isotopes
because of its large transition energy O,3= 3035 keV
and a considerable natural abundance & = 9.67 %.
Despite good result of the NEMO 3 experiment (the

half-life limit 7", > 4.6 - 10% yr at 90 % CL [1]),

the NEMO techniques presents two disadvantages
that limit the achievable sensitivity: the low detec-
tion efficiency of OV2[ events (= 14 %) and the poor
energy resolution (= 10 % at the energy of Q. of
'“Mo). Both these limitations can be overcome by
the use of the cryogenic scintillating bolometers,
which possess an energy resolution a few keV in
wide energy interval, and near to 90 % detection
efficiency of 2 decay. There are several crystal
scintillators containing molybdenum. Recently de-
veloped zinc molybdate (ZnMoQOy) [2, 3] is one of
the most promising.

Zinc molybdate single crystals were grown for the
first time by the Czochralski method and their lumi-
nescence was measured under X ray excitation in the
temperature range 85 - 400 K. Properties of ZnMoO,
crystal as cryogenic low temperature scintillator
were checked for the first time. Radioactive con-
tamination of the ZnMoQ, crystal was estimated as
< 0.3 mBqg/kg (***Th) and 8 mBg/kg (***Ra). Thanks
to the simultaneous measurement of the scintillation
light and the phonon signal (see Figure), the o parti-
cles can be discriminated from the y/B interactions,
making this compound extremely promising for the
search of neutrinoless double B decay of '“Mo. We
also report on the ability to discriminate the o in-
duced background without the light measurement,

thanks to a different shape of the thermal signal that
characterizes y/B and o particle interactions.

The support of F. A. Danevich and V. 1. Tretyak
by the project “Kosmomikrofizyka-2" (Astroparticle
Physics) of the National Academy of Sciences of
Ukraine is acknowledged.

s 214R;214pg

4000
Energy [keV]
Scatter plot light vs. heat obtained with a ***Th calibration
(65 h) plus a background measurements (66 h). The main
observed lines are pointed out. In the inset the 2615 keV y
line of *®TI. The light (red) points are identified as o
particles. The *'*Bi — *'*Po points are due to mixed events
induced by v/B decay “immediately” followed by o decay
with T}, = 164 us, too fast for both our detectors to dis-
tinguish from the parent y/j.

6000 8000

A paper describing the results of this work is
published in [4].
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The feasibility of lead molybdate (PbMoQO,) and
lead tungstate (PbWOQO,) as detectors for rare event
searches has been envisaged in [1] and [2], respec-
tively. PbMoQy is a promising material to search for
the neutrinoless double 3 decay of 100\o [1,3,4]. 1t
has been suggested that PbWO, can be used as a
shield (anti-coincidence detector and/or active light-
guide) to suppress radioactive background in a high-
sensitivity experiment to search for double B decay
of ''°Cd [5]. The prospects of radiopure PboWO, and
PbMoO, crystal scintillators as target materials in
cryogenic dark matter experiments have been dis-
cussed recently [6].

Scintillation properties of lead tungstate (PbWOQOy,)
and lead molybdate (PbMoQO,) have been studied as
potential cryogenic scintillators for rare event
searches. The light output and decay kinetics of
PbWO, and PbMoO, crystals for excitation with
*'Am o particles were examined over the tempera-
ture range 7 - 300 K (see Figure). The o/y ratio was
measured with a PbMoO, crystal scintillator for
5.3 MeV « particles, and the ability to distinguish
between signals induced by o particles and y quanta
by pulse shape discrimination was assessed for the
PbMoOQ, crystal scintillator at 77 K. The energy
dependence of the quenching factor for oxygen,
molybdenum, tungsten and lead ions at low energy
was calculated using a semi-empirical approach [7]
with data from the o particle measurements.

Both, PbWO, and PbMoQ, crystals are of par-
ticular interest for cryogenic experiments to search
for dark matter due to the combination of heavy (W,
Pb), middle (Mo) and light (O) elements. Nonethe-
less, the high intrinsic radioactivity due to *'°Pb is
the main obstacle, limiting the usefulness of these
materials for low-background experiments. How-
ever, the use of ancient lead for crystal growth
should permit producing lead tungstate and lead
molybdate with substantially reduced intrinsic radio-
activity to the level of a few mBq/kg [8, 9].

This study was supported in part by the grant
from the Royal Society (London) “Development of
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advanced scintillation detectors for cryogenic dark
matter search”. The support of the group from the
Institute for Nuclear Research (Kyiv, Ukraine) by
the project “Kosmomikrofizyka-2” (Astroparticle
Physics) of the National Academy of Sciences of
Ukraine is acknowledged.
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A paper describing the results of this work is
published in [10].
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The radioactive contamination of ZnWO, crystal
scintillators has been measured deep underground at
the Gran Sasso National Laboratory of the INFN
(Italy) with a total exposure 3197 kg - h. The sam-
ples of ZnWOy crystals were produced by the Insti-
tute for Scintillation Materials (Kharkiv, Ukraine)
and the Nikolaev Institute of Inorganic Chemistry
(Novosibirsk, Russia). The detector with ZnWOQO,
samples, experimental set-up, measurements and
data analysis are described in [1]. Monte Carlo simu-
lation, time-amplitude and pulse-shape analysis of
the data have been applied to estimate the radioac-
tive contamination of the ZnWQ, samples. Compo-
nents of the background were simulated with the
help of GEANT4 code [2] and event generator DE-
CAYO [3]. One of ZnWOQO, crystals has also been
tested by ultra-low background v spectrometry. The
radioactive contaminations of the ZnWQO, samples
do not exceed 0.002 - 0.8 mBg/kg (depending on the
radionuclide), the total o activity is in the range 0.2 -
2 mBq/kg. Particular radioactivity, i.e. associated
with the elemental composition of the ZnWO, crys-
tals, was observed: B active ®Zn (probably due to
cosmogenic or/and neutron activation at sea level)
and o active "*'W (rare o decay with Ty, ~ 10" I,
see in Figure), has been detected. The effect of the
re-crystallization on the radiopurity of the ZnWO,
crystal has been studied. The radioactive contamina-
tion of the samples of the ceramic details of the set-
ups used in the crystals growth has been checked by
low-background 7y spectrometry. A project scheme
on further improvement of the radiopurity level of
the ZnWOy crystal scintillators should include deep
purification of initial materials and careful radiopu-
rity control at all the stages of crystal production.
Thus, summarizing the obtained results, we can con-
clude that the typical radiopurity of ZnWO;, scintilla-
tors is very promising for further applications.

This study was supported in part by the Project
“Kosmomikrofizyka-2” (Astroparticle Physics) of

the National Academy of Science of Ukraine and by
the Grant for Young Scientists (Reg.
No. 0109U007070) of the National Academy of
Science of Ukraine.
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discrimination from the raw data measured with the
ZnWO, detectors over 3197 kg - h together with the fitting
curve (solid line). The o peak of "W with the area of 204
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inset, the shape indicator distributions measured with
ZnWOy, scintillator (239 g) during 4305 h in the energy
range 250 - 450 keV. Fitting curves correspond to B parti-
cles (Y quanta, dotted blue line) and o particles (solid red
line).

The results of this work are published in [1].

—_—

P. Belli et al., Nucl. Instr. Meth. 626&627, 31 (2011) .

2. S. Agostinelli et al., Nucl. Instr. Meth. A 506, 250
(2003); J. Allison et al., IEEE Trans. Nucl. Sci. 53,
270 (2006).

3. O.A. Ponkratenko, V.I. Tretyak, and Yu.G. Zdesenko,

Phys. At. Nucl. 63, 1282 (2000); V.I. Tretyak, to be

published.
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DEVELOPMENT OF THE BiPo DETECTOR AND CALORIMETER R&D
FOR THE SUPERNEMO PROJECT

V. L Tretyak (for the SuperNEMO Collaboration®)

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

The SuperNEMO project is development of the
NEMO-3 experiments (see [1] and refs. therein)
aiming to search for neutrinoless (0v) double beta
(2B) decay of atomic nuclei. The SuperNEMO is
planned to be built of 20 identical super-modules,
each housing around ~5 kg of isotope. The source is
a thin (~40 mg/cm?®) foil inside the detector. It is
surrounded by a gas tracking chamber followed by
calorimeter walls. The tracking volume contains
around 2000 wire drift cells operated in Geiger
mode which are arranged in nine layers parallel to
the foil. The calorimeter is divided into 700 plastic
scintillator hexagonal blocks (~25 cm diameter)
which cover most of the detector outer area and are
coupled to low radioactive 8’ PMTs. A super-
module will have a footprint of 6x2 m and a height
of 4m. The baseline candidate isotope for Su-
perNEMO is *Se (but possibility to use °Nd and
*Ca also is investigated). The expected sensitivity to
2B0v decay is at the level of T;,~10" y (or 50 -
- 110 meV in terms of the neutrino mass).

To reach this aim, in particular, two demands
among others should be fulfilled: (1) the required
radiopurities of the SuperNEMO 2f decay foils
should be AC®TI) < 2 uBg/kg and A('Bi) <
<10 uBg/kg; (2) energy resolution of scintillators
should be 4 % at 3 MeV (Q,p value of **Se) which is
unprecedented value for plastic scintillators.

Measurement of such low activities of **TI and
21Bj is unreachable with Ge detectors, and special
BiPo detectors are under development [2]. The under-
lying concept of the BiPo detector is to detect with
organic plastic scintillators (built as a sandwich) the
so-called BiPo process, which corresponds to the
detection of an electron from [ decay followed by a
delayed o, particle. The *'*Bi isotope is a (B, y) emitter
(Qp=3.27 MeV) decaying to ?%po, which is an o
emitter with a half life of 164 ps. The ***Tl isotope is
measured by detecting its parent, >'’Bi which decays
with a branching ratio of 64 % via a [ emission
(Qp=2.25 MeV) towards the daughter nucleus 212pg
which is a pure o emitter (8.78 MeV) with a short
half life of 300 ns. A modular prototype, called BiPo-
1, with 0.8 m? of sensitive surface area, has been run-
ning in the Modane Underground Laboratory since

“Near 100 physicists from 26 institutions in Czech
Republic, France, Japan, Russia, Slovakia, Spain, United
Kingdom, Ukraine, USA.
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February, 2008. The goal of BiPo-1 is to measure the
different components of the background and in par-
ticular the surface radiopurity of the plastic scintilla-
tors that make up the detector. After more than one
year of background measurement, a surface activity
of the scintillators of AC®TI)=1.5uBg/m’ was
reached. Given this level of background, a larger
BiPo detector having 12 m” of active surface area, is
able to qualify the radiopurity of the SuperNEMO
selenium 2@ foils with the required sensitivity of
AC®TI) < 2 uBg/kg (90 % C.L.) with a six month
measurement [2].

The collaboration has carried out a large number
of tests studying the scintillator material, mineral,
plastic and liquid, and the shape, size and coating of
the calorimeter blocks. Many different scintillator,
reflector, and PMT combinations were studied. Solid
scintillator candidates included polystyrene (PST)
based scintillators from ISM and JINR labs and
polyvinyltoluene (PVT) based scintillators from the
manufacturers Bicron (BC404, BC408) and Eljen
(EJ204, EJ200). Liquid scintillators are toluene
based and from CENBG, INR, ISM, and JINR labs.
Various specular and diffusive reflectors were
tested. Exceptional 6.5 % resolutions have been
obtained for small (5 x5 cm) blocks of PVT. The
important milestone was reached with the energy
resolution 7.1 % with a large (25 cm) ELJEN-200
PVT scintillator block coupled to a Photonis 8°¢
PMT and 7.6 % using the same scintillator and a
Hamamatsu 8‘‘ PMT. This is the best resolution
reached for a plastic scintillator detector of this size.

Efforts of the Kyiv group were concentrated on:
(1) calculation of the quenching factors for scintilla-
tion signals for o particles in the BiPo scintillator;
(2) further development of the DECAY0/GENBB
event generator where possibilities were added to
generate 2B0v decay with 1 term of the right-handed
admixtures in the weak interaction, and 2B2v decay
with bosonic neutrinos.

Some results are presented in [2, 3].

—_—

J. Argyriades et al., Nucl. Phys. A 847, 168 (2010).

2. J. Argyriades et al., Nucl. Instrum. Meth. A 622, 120
(2010); S. Cebrian et al., J. Phys.: Conf. Ser. 203,
012131 (2010).

3. R. Flack et al., Nucl. Instrum. Meth. A 623, 255

(2010); F. Mauger et al., J. Phys.: Conf. Ser. 203,

012065 (2010).
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OBSERVATION OF GEO-NEUTRINOS BY BOREXINO
V. V. Kobychev (for the Borexino collaboration)

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

Geo-neutrinos (geo-V.’s), electron anti-neutrinos
produced in  decays of naturally occurring radioac-
tive isotopes in the Earth, are unique direct probe of
the abundances and distribution of radionuclides
within our planet’s interior. The geo-v, flux is pre-

dicted to be of (2...7) - 10°cm ¢, their energies
are in the MeV range. Extremely small interaction
cross section (~10* ¢cm”) makes their detection very
difficult. By measuring v, flux and spectrum it is

possible to reveal the distribution of long-lived ra-
dioactivity in the Earth and to assess the radiogenic
contribution to the total heat balance of the Earth,
which is critical in understanding such processes as
the generation of the Earth’s magnetic field, mantle
convection, and plate tectonics. Total heat genera-
tion in the Earth is estimated between 44 and
30 TW, with radiogenic contribution (mainly U, Th
with their daughters and *’K) of about 19 TW. 9 TW
are produced in the crust and 10 TW in the mantle as
the Bulk Silicate Earth (BSE) model predicts, with
no contribution from the core, since U, Th, and K
tend to accumulate in silicates rather than in iron.

A first experimental indication for geo-V,’s
(~2.56 C.L.) was reported by the KamLAND col-
laboration [1]. The first observation of geo-Vv, at
more than 30 C.L. was performed with Borexino [2],
a large liquid scintillator detector at Laboratori Na-
zionali del Gran Sasso, Italy. Borexino contains
~1.7 10 free target protons. The detector is de-
scribed in details in Ref. [3]. Borexino detects v, ’s
via the inverse [ decay reaction on proton,
p+V,—>n+e’ with a threshold of 1.806 MeV. On-
ly part of ¥, spectrum of B decays of ***Pa, *'*Bi (U
chain) and ***Ac, *'*Bi, **®T1 (Th chain) is above the
threshold, while all ¥, ’s from *K decays are below.

The positron from the inverse B decay annihilates
emitting two 511 keV y rays (a prompt event with
energy of E(V,)-0.782 MeV). The free neutron is
captured by a proton with a mean time of ~256 ps,
emitting a 2.22 MeV vy (a delayed event). The time
and spatial coincidence of prompt and delayed
events offers a clean signature of v, detection. To
select candidate events, the following cuts were ap-
plied: the energy cuts for the prompt and delayed
events, cuts on the correlated time (20 to 1280 ps)
and correlated distance (dR < 1.5 m) between them,
and the cut of distance >0.25 m from the border of
the inner vessel to the prompt event. These cuts re-
duce the efficiency of v, detection to 0.85+0.01.

Borexino found 21 v, candidates with exposure

(after cuts) of 252.6 ton'yr. A 2s time cut was
applied after muons passing the inner detector (to
suppress the B-n decaying cosmogenic spallation
isotopes °Li, T =260 ms, and *He, 1= 173 ms) and a
2 ms veto after each muon crossing only the outer
detector (to suppress fast neutrons). Muon vetos
result in 10.5 % live time reduction. The total back-
ground of all non-v, sources is 0.14+

+ 0.02 events/(100 ton-yr).
The known Vv, sources are geo-V,’s and reactor

v, ’s, while atmospheric and supernova relic v, give

a negligible contribution. The expected reactor sig-
nal with (without) neutrino oscillations and 100 %
detection efficiency is 5.7 + 0.3 events/(100 ton-yr)
(9.9 £0.5 events/(100 ton-yr)). The expected shape
of the energy spectra of geo-v,’s (with Th/U mass

ratio equal to the mean chondritic value of 3.9) and
of reactor v, ’s were used as input to the MC code in

order to simulate the detector response to v, ’s. The

MC output light yield spectra of geo- and reactor
v, ’s, together with the known background spectrum

were used in an unbinned maximum likelihood ana-
: : — +4.1 (+14.6
lysis. Our best estimates are Ny, = 9.975,(’;, ) and

Nreaet = 107733 (F1>%) at 68.3 % C.L. (99.73 % C.L.).
The geo-v, rate is 3.9715(*35) events / (100 ton-yr).
The null hypothesis (absence of geo-v,’s) is re-

jected at 99.997 % C.L. The rate is compatible with
predictions of the current BSE model within 1.
Accumulating exposure up to 1000 tons-yr, the error
can be reduced twice.

The observed spectrum above 2.6 MeV agrees
with the expected one from European nuclear reac-
tors (mean base line of approximately 1000 km) and
excludes the non-oscillation hypothesis at 99.60 %
C.L. The hypothesis of an active geo-reactor [4] in
the Earth’s core with a power above 3 TW is re-
jected at 95 % C.L.

The support of the author by the project
“Kosmomikrofizyka-2” (Astroparticle Physics) of
the NAS of Ukraine is acknowledged.
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2. G. Bellini et al., Borexino Collaboration, Phys. Lett. B
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3. G. Alimonti et al., Borexino Collaboration, Nucl.
Instr. Methods A 600, 568 (2009).
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DEVELOPMENT OF CRYOGENIC DETECTOR WITH CaMoO, CRYSTALS
FOR '""Mo NEUTRINOLESS DOUBLE BETA DECAY SEARCH
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The search for neutrinoless double beta decay
(0OvBP) is a key experiment for determining the neu-
trino mass and the Majorana/Dirac nature of neutri-
nos. A scintillating CaMoQy crystal is a good mate-
rial for use in OVPP decay experiments with cryo-
genic detectors. The high transition energy
(Q = 3.034 MeV) and near 10 % natural abundance
of '"Mo, together with the scintillating property of
the crystal, provide favorable conditions to search
for OVBP decay of '“Mo. CaMoOy crystal scintilla-
tors as target for high sensitivity 23 experiment was
discussed for the first time in [1].

We report a prototype experiment operating at low
temperatures using a CaMoQ, crystal as a particle
absorber. A schematic diagram of the experimental
setup is shown in Fig. 1. Using a metallic magnetic
calorimeter as a temperature sensor, we achieved
good energy resolutions for alpha particles (see
Fig. 2) and low-energy gamma rays. This experi-
ment shows the feasibility of scaling up the crystal
size to perform a massive OvBB search of '*Mo.

alphas and gammas
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Fig. 1. A schematic diagram of the detector setup. o and y
from **'Am source were absorbed in a CaMoOy, crystal.
The resulting increase in temperature was measured by a
metallic magnetic calorimeter with a Au : Er sensor posi-
tioned in the pick-up loop of a dc-SQUID. A supercon-
ducting magnet is used to magnetize the Au : Er sensor.
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Fig. 2. The **'Am alpha spectrum. The three thick grey
lines correspond to three major alpha lines and have ap-
propriate relative intensities. The dashed curve is a Gaus-
sian fit with FWHM = 11.2 keV. The long vertical line
indicates the energy 60 keV higher than the most probable
alpha line.

An  international  collaboration =~ AMORE
(Advanced MO-based Rare process Experiment) was
recently formed. A final goal is massive cryogenic
detectors using CaMoQ; crystals to be constructed at
Yangyang Underground Laboratory (Korea).

The work at KRISS was supported by Internal
Creative Research Funds at KRISS and the NRF
Radiation Technology Development Program. The
work at Seoul National University was supported by
World Class University Project of National Research
Foundation of Korea. S.J. Lee acknowledges support
from Seoul Fellowship. The support of the group
from the Institute for Nuclear Research (Kyiv,
Ukraine) by the project “Kosmomikrofizyka-2" (As-
troparticle Physics) of the National Academy of
Sciences of Ukraine is acknowledged.

A paper describing the results of this work is
submitted to Astroparticle Physics [2].
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2. SJ.Lee et al., Astropart. Phys. doi:10.1016/ j.astro
partphys.2011.01.004

59



AHOTALIIl POBIT

JTOCALIKEHHA PAJIALIMHOIO PO3IAIY B, ME3OHA B EKIIEPUMEHTI LHCb

B. M. SIkoBenko"’

! Jlabopamopia ninitinoco npuckoprosaya, Ilapusvkuii ynisepcumem, Opce, @panyis
2 ITncmumym adeprux docnioxcens HAH Yrpainu, Kuig

LHCb (Large Hadron Collider beauty) € ogaum 3
YOTUPHOX OCHOBHUX eKkcrepuMeHTIB (1), mo moOly-
JIOBaHI Ha TMpHUCKoproBadbHOMY Komruiekci LHC
(Large Hadron Collider), me 3amraHoBaHOl1 TIPOTOH-
MPOTOHHI 3iTKHeHHs npu eHeprii 14 TeB y cucremi
[IEHTpa Mac, a TaKOX Ba)XKOiOHHI 3iTKHEHHs. Kom-
IUIEKC BIAjgo pO3IMOYaB CBOIO pPOOOTYy B TpyaHi
2009 p. T'onmoBHa meta ekcriepumenty LHCb — tou-
He gociipkeHHs nopyuieHHs CP-cumertpii B po3na-
nax B-Me3o0HiB, mocmiKeHHS IXHIX PIIKUX KaHAJiB
posnazis i noryk HoBoi ¢izuku (H®) y B cexropi.

BuBdeHHs papiamiifHuX po3mnaniB gae 6aratoo0i-
LSTF0Y1 TIEPCIIEKTUBY JI0 TIOIIYKY (i3WKH 32 paMKaMu
crarnaptaoi mozaeni (CM). Ceimuenns HO mMoxyTh
MPOSIBIISITUCS. Yepe3 MEePEeXOoId B METIAX MIHTBIHHUX
niarpam, ¢ MOXKJIMBI B3a€MOJii 3a y4YacTIO HOBHX
BaXKHX BIpPTyaJlbHUX YacTHHOK. PerenpHi mocmia-
JKSHHSI IUX PO3MAaJiB 3/1aTHI 3HAYHO OOMEXHUTH Kijlb-
KICTh TEOPETHYHUX MPHITYIIEHB 00 THX YH 1HIIHX
crieHapiie H®, Bxmouaroum cynepcUMETpUIHI MO-
Jeli.

Posnagu B-me30HiB — moii 3 gyxe Maynow WMo-
iprictio (10° 107%). Tomy motpiben edexrHpHuit
ITOPUTM BITOOPY MOMIN IJIS MOMAIBIIOTO IXHHOTO
aHamizy. [{ns wmaiikpamoro BimOopy mopiii oOpaHO
psia oOMeXeHb Ta MpOBEAeHa ONTHMi3alis, pe3ylib-
TaTH SIKOi HAaBEJACHO B TAOJIHIII.

OnTumMizoBaHi 3HaUEeHHS 1J151 00MeKeHb:
nonepeuna enepris ¢porona, E'r; inenrudikauist kao-
HiB, AlnLy,; npuuiibHuii napamMeTp KaoHiB, lepk;
AIKICTh PEKOHCTPYKIII BEPIINHH (P-Me30HA, xzq,vemx;
MacoBe BiKHO ()-Me30Ha, Am,; KYT BHJIbLOTY
Bs-Me30Ha, Op,; npuuiabHUil mapamerp Bi-me3o0na,
XZBS Ta KyT CHiPaJIbHOCTI, |Opeiicity]
(neranpHime aus. [2]).

E'r, I'eB >2.8
AlnLKn > 2
Lk >25
XZBepumml > 6
Am, MeB <8
Ops, Mpaz > 10
2 1ps <16
|®CHiDaHLHOCTi| < 0,75

OO6paxoBaHO piuHUI BUXia curHany By —@y npu
HoMiHanbHIN cBiTuMocTi LHCD, skmii cTaHOBHUTH
6mm3bko 10* BiiGpaHnx Ta TpPHrepoBaHHX TMOiH.
Po3ninpHa 3MaTHICTE TIO PEKOHCTPYKINIi iHBapiaHT-
HOI Macu B, cranoButh 6m3bko 120 MeB/c?. O6un-
CJIeHE BiTHOIIEHHS cCUTHaI-Mo-myMy (B/S << 1.9 @
90 % CL) mae 3Mory MO3UTHBHO OLIHIOBATH TepcC-
MEKTUBU TMPEIU3IAHOTO JOCHIHKEHHS PiaKol MOIU
posnany mMe3oHiB By — oy .

r Yacrma M2 = 092 20,10
Cepegwe = 53845 20055 Gewle *
Pal = 01000 00057 Gevic
Pa2 = 0300 +0072Gevic '
N¢ = 3626 =89

N =987 +73

po Mopil/ [0.05 eB)

p0=-030763 200011 GeVic 1
pl= 002415 +000017 Geic *

00 ;{:} #&

100 —

4.5 5 5.5

|nBapiatitHa maca Bs, leB

Posmnopin inBapiaHTHOT Macu BSO 151 200 n6°™".

Ha pucysky HaBeneHo pe3yibratu MonTte-Kapio
cumyJisii posmopiny imBapiantHOi Macu B, mms
interpanpHOi  cBiTHMocti 200 n6' mpu  eHeprii
7 TeB.

OuiHeHO BeJIMYMHY CHTHAlTy MpU CBITHMOCTI
200 16" — mpu eneprii 7 TeB — 6mm3bko 107 Bifi-
OpaHMX Ta TpUrepoBaHWX mofid. [IpoirrocTpoBaHo,
mo curHan By —@y moBuHeH OyTH criocTepexeHui
yKe IS HAKONMUYeHWX naHux Hampukidii 2010 p.
(inTerpanpHa cBiTHMIiCTh 37 M6 ™).

3a manoro temartukoro B 2010 p. Oyna HammcaHa
Jaucepraniiina pobota «JlocnimkeHHs paaialiitHoro
po3nany BS0 Me30Ha Ta CHCTeMa paJialiifHoro MOHi-
TopuHTy B ekcriepuMerTi LHCD ».

1. LHCb Collaboration, Reoptimized Detector Design
and Performance, CERN/LHCC 2003-030.
2. V.lakovenko, CERN-LHCb-INT-2010-014.
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INCLUSIVE-JET CROSS SECTIONS AND oy MEASUREMENT AT ZEUS

V. Aushev', I. Kadenko®, D. Lontkovskyi’, I. Makarenko®

!Institute for Nuclear Research, National Academy of Science of Ukraine, Kyiv
? Nuclear Physics Department, Physics Faculty, Taras Shevchenko National University, Kyiv

Photoproduction of jets is the main source of jets
at the ep collider HERA. Two processes contribute
at lowest order of perturbative QCD (pQCD) to the
photoproduction of jets. These are the direct process,
in which the quasi-real photon directly couples to
the partons in the proton; and the resolved process,
in which the photon exhibits hadronic structure.

Inclusive-jet cross sections in photoproduction
were measured using the ZEUS detector. The meas-
urements were used to make a stringent test of next-
to-leading order (NLO) O(aa’) pQCD predictions.
A value of the strong coupling, o,, was extracted
from the measurements and its energy-scale depend-
ence was determined. In addition, these precise
measurements have the potential to constrain the
proton and photon PDFs.

The cross sections were measured using 189 pb '
of ZEUS data [1]. The phase space of the measure-
ment is given by the virtuality of the photon
0* <1 GeV? and the inelasticity 0.2 <y < 0.85. Jets
were reconstructed using the &, cluster algorithm [2]
in the longitudinally invariant inclusive mode [3] in

the laboratory frame and required to have £/ >
>17 GeV and -1 <pp’" <2.5.

The measured single-differential cross-section
dO'/ dE}* was used to determine a value of ay(My)

using the method presented in [4]. The NLO QCD
calculations were performed using the program by
Klasen, Kleinwort and Kramer [5] with five sets of
ZEUS-S proton PDFs, which were determined from
global fits assuming different values of as(Myz). The
GRV-HO set was used as default for the photon
PDFs. The value of 04Mz) used in each calculation
was that associated with corresponding set of proton
PDFs. This procedure handles correctly the correla-
tion between a4(Mz) and the PDFs in the NLO calcu-
lations.

The energy-scale dependence of oy was deter-
mined from a NLO QCD fit to the measured

d 0'/ dET""’ . Values of a, were extracted at each mean

Jjet

value of measured E;” without assuming the run-

ning of as. The extracted values are shown in Figure.

The largest contribution to the experimental un-
certainty comes from the jet-energy scale. The
dominant theoretical uncertainty is that arising from
terms beyond NLO. Theoretical uncertainty is, in
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fact, the dominant contribution to the uncertainty of
the a,(Mz).

ZEUS
a.n('}.l';"_-.-- T 7]
o ZEUS (prel) 189 pb!
0.16 corr. uncert. 3
th. uncert,
— QCD
0.15
0.14 -

0.13

0-12:|||| | B S S T | TV RO Gt [N TR TR St W | ||I:

20 30 40 50 60 70

jet B

E; (GeV)

The o, values determined from the measured do/dE} as

Jet

a function of E;]” (open circles). The error bars represent

the uncorrelated uncertainties of the data; the inner shaded
area represents the correlated systematic uncertainties and
the outer shaded area represents the correlated and theo-
retical uncertainties added in quadrature. The solid line
indicates the renormalisation-group prediction at two
loops obtained from the ay(Mz) value determined in this
analysis.

The measured cross sections have been used to
determine a value of ay(Mz). A QCD fit of the cross-

section do/dE} for 21 < Ef <71 GeV yields
o (M) =0.1208"0524 (ex.) " " ( This
value is in good agreement with the world averages.
The extracted values of o, at different E'T’” are in

theor.)

good agreement with the predicted running of the
strong coupling over a wide range in £/ .

1. ZEUS Coll., ZEUS-prel-10-003.

2. S. Catani ef al., Nucl. Phys. B406, 187 (1993).

3. S.D.Ellis and D.E. Soper, Phys. Rev. D 48, 3160
(1993).

4. ZEUS Coll,, S.Chekanov et al., Phys. Lett. B 547,
164 (2002).

5. M. Klasen, T. Kleinwort, and G. Kramer, Eur. Phys. J.
Direct C 1, 1 (1998).
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DIJET CROSS SECTIONS IN PHOTOPRODUCTION AT HERA

V. Aushev', I. Kadenko®, D. Lontkovskyi’, I. Makarenko®

! Institute for Nuclear Research, National Academy of Science of Ukraine, Kyiv
? Nuclear Physics Department, Physics Faculty, Taras Shevchenko National University, Kyiv

The study of the jet production in ep collisions at
HERA has been well established as a testing ground
of perturbative QCD (pQCD). Jet cross sections
provided precise determinations of the strong cou-
pling constant, o, and its scale dependence.

Here we present new measurement of dijet cross
sections in photoproduction. Two types of processes
contribute to jet production in photoproduction at
leading order (O(aws)) [1, 2]: either the photon inter-
acts directly with a parton in the proton (the direct
process) or the photon acts as a source of partons,
one of which interacts with a parton in the proton
(the resolved process). The differential dijet cross
section as a function of the average jet-transverse
energy is presented.

The data were collected during the running pe-
riod 2005 - 2006, when HERA operated with pro-
tons of energy Ep =920 GeV and electrons of en-
ergy Ee =27.5 GeV, and correspond to an integrated
luminosity of 188.5+4.9 pb”'. This analysis differs
from previous [3] by about two-fold increase statis-
tics and availability of micro-vertex detector close to
the beam line. Events from collisions between quasi-
real photons and protons were selected offline using
similar criteria to those reported in a previous publi-
cation [3]. The longitudinally invariant %, cluster
algorithm [4] was used in the inclusive mode [5] to
reconstruct jets in the hadronic final state from the
energy deposits in the CAL cells. The jet search was
performed in the preudorapidity-azimuth (n-¢) plane
of the laboratory frame. The jet variables were de-
fined according to the Snowmass convention. The
selection cuts restrict the phase space of the meas-
urement to Q> < 1 GeV?, where Q” is the virtuality of
the exchanged photon. Also the events were re-
stricted to yp centre-of-mass energies in the range
142 <W <293 GeV. The events must have at least
two jets with transverse energies above 21 GeV and
17 GeV for the first and second jet, respectively, and
pseudorapidity in range -1 < T]Jet <2.5.

Figure shows the measured cross section as a
function of average jet-transverse energy. The cross

sections decrease as E7 increases. The NLO QCD
calculations based on the ZEUS-S/GRV-HO pro-
ton/photon PDF sets are compared to the measure-
ments. The calculations were obtained using the
program by Klasen, Kleinwort and Kramer [6]. The
prediction gives good description of the data in
shape and normalization. Predictions based on dif-

ferent proton and photon PDFs are also included in
Figure to ascertain the sensitivity of the dijet cross
section to parton densities.
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o e 2 zeseargryy)
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a - The measured differential cross section as a function
of average jet-transverse energy for dijet photoproduction.
The NLO QCD calculations with renormalization scale
p=E (solid lines), corrected to include hadronisation
effects and using different parametisations of the proton
(photon) PDFs, are also shown. b - The relative difference
between measured cross section and NLO QCD calcula-
tions based on ZEUS-S/GRV-HO.

The prediction based on the MSTWO08 [7] proton PDF

sets is higher than the ZEUS-S prediction at high- E;El.
The prediction based on the CJK [8] photon PDF sets is
very similar to that of GRV-HO, whereas the prediction

based on AFG04 is lower, especially at low- E;H .

1. C.H. Llewellyn Smith, Phys. Lett. B 79, 83 (1978);
I. Kang and C.H. Llewellyn Smith, Nucl. Phys. B166,
413 (1980); J.F. Owens, Phys. Rev. D 21, 54 (1980);
M. Fontannaz, A. Mantrach, and D. Schiff, Z. Phys. C
6,241 (1980).
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THE FIRST LHCb PHYSICS RESULTS AT 42 pb”' DURING 2010

0. Y. Okhrimenko', V. M. Pugatch', V. M. Iakovenko"*
(on behalf of the LHCb Collaboration)

! Institute for Nuclear Research, National Academy of Science of Ukraine, Kyiv
? Laboratoire de I'Accélérateur Linéaire, Université Paris-Sud, Orsay, France

The LHCD experiment is the forward spectrome-
ter and one of the four huge experiments located at
the LHC. The main aim of the LHCb is precise
measurement of the CP-violation and researching of
the B-meson rare decays.

The LHCb, as high energy physics detector, con-
sists of following parts: Vertex Locator (VELO),
Inner and Trigger Trackers (IT, TT) and Outer
Tracker to reconstruct tracks of charge particles and
they decay vertexes and to separate Primary (proton-
proton collisions) and Secondary (B-mesons decay)
Vertexes (PV, SV); Magnet to measure charge parti-
cle momentum; Cherenkov Detectors (RICHI,
RICH2) to separate kaons and pions; Hadronic and
Electromagnet Calorimeters (HCAL, ECAL) to
measure the particles energy; Muon detector to de-
tect the muons (Fig. 1) [1].
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Fig. 1. The LHCb detector: first B'—J/Ap(u )K" l
candidate, Apr. 5,2010.
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The first proton-proton collisions (\/g =7 TeV)
at the LHCb have occurred on Mar. 30, 2010 at
13:00 o’clock. During 2010 LHC operational period
~37 pb”! of Integral Luminosity were recorded out of
total ~42 pb™' delivered one (~90 % eff.).

Data recorded out during 2010 at LHCb allowed
to obtain first physics results: the bb-bar production
cross section (o = 75.3 £ 5.4 + 13 pb) in the pseu-
dorapidity interval 2 < n < 6 [2]; evaluation of the
direct CP-violation in B—Kn decay mode (Fig. 2) —
small correction from production and detector
asymmetry still to be done; observation of the first
signal from B’B’-bar oscillation in
B’—D* (D), decay mode.

In summary, the LHCb experiment is working
fine and first physics results obtained in 2010 illus-
trated high potential of the LHCb.

In 2011 LHCD has a nice chance of seeing a new
physics (if it is there) in following fields of research:
measuring of the mixing phase ¢s from Bs—J/yo
which is small in Standard Model (SM) — way to
New Physics (NP); measuring of the Branching Ra-
tio of the Bs—u'w decay mode which is very sup-
pressed in SM and corresponds to Flavor Changing
Neutral Current process; measuring Forward-
Backward Asymmetry in B"—»K*p ' decay mode
which can be affected by NP. More will be in real-
ity, hopefully.
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Fig. 2. The LHCD preliminary results of the searching of the CP-violation in B—K= decay mode at Js =7 TeV.

1. LHCb Collaboration, JINST S08005 (2008).
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2. LHCb Collaboration, Phys. Lett. B 694, 209 (2010).

63



AHOTALIIl POBIT

THE LHCb RADIATION MONITORING SYSTEM. PERFORMANCE AT 7 TeV

0. Y. Okhrimenko', V. M. Pugatch', V. M. Iakovenko"*

! Institute for Nuclear Research, National Academy of Science of Ukraine, Kyiv
2 Laboratoire de I'Accélérateur Linéaire, Université Paris-Sud, Orsay, France

The Radiation Monitoring System (RMS) for the
LHCb Inner Tracker (IT) has been built at CERN
exploring Metal Foil Detector (MFD) technology
developed at KINR [1, 2]. The main RMS function
is to monitor the radiation load on the IT silicon
sensors. The principle of operation of the RMS is
based on the secondary electron emission (SEE)
from a metal foil surface initiated by impinging
charged particles. The positive charge caused by
SEE is read out by sensitive Charge Integrator (Chl)
equipped by voltage-to-frequency convertor with a
dynamical range up to 10°. The RMS output fre-
quency is proportional the foil charge (1 Hz corre-
sponds to 10 fC). Calibrations and tests have shown
that charged particle fluxes exceeding 100 cm s
will evoke signal sufficient to be fixed by the RMS.

The RMS consists of 4 modules (Top, Bottom,
Access and Cryo) each containing 7 sensors; the size
of an each sensor is (11 x 7.5) cm®. These modules
are located at the IT-2 station around the beryllium
Beam Pipe. The distance from the LHCb Interaction
Point (IP-8) to IT-2 station is ~8.2 m.

During the 2010 LHC has provided colliding pro-
ton beams at 7 TeV (c.m. energy) delivering 42 pb™
at IP8, in total. The charged particle fluxes high
enough to evoke a signal in the RMS were during
high intensity beams (starting from the 20™ of Sep-
tember 2010) which contributed 29 pb™ into the total
delivered luminosity. As it is shown in Fig. 1 RMS
response is linear correlated with the LHCb meas-
ured Luminosity. This has been used to calibrate the
RMS for measuring luminosity in future as well as
to extrapolate RMS measured data for the luminosity
of 42 pb™.
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Fig. 1. Correlation between the RMS response
and the LHCb measured Luminosity.
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Fig. 2. Comparison of the RMS measured data with the
simulated one. Yellow bars — MC data, blue bars — RMS

data.

Using standard LHCb software (Gauss v38r9),
10 k events of 3.5 TeV energy proton beam were
generated. Charged particles, only, were included in
the simulation. The resulting particle fluxes distribu-
tion over sensors in comparison with the data meas-
ured by the RMS is shown in Fig. 2. Good agree-
ment is observed for all modules except the ‘Bot-
tom’ one. This disagreement is under study and
might be caused by the Beam Pipe supporting tools
located just in front of the RMS not included in the
MC simulations.

During 2010 the RMS has been able to perform
its main function — monitoring of the radiation loads
on Si-sensors of the LHCb IT. The absorbed dose
extracted from the RMS data (for 42 pb") varies
from 2 to 16 Gy and depends on sensor location. The
distribution of the dose over the RMS sensors is
shown in Fig. 2 (blue bars).

In summary, 25 out of 28 RMS sensors are op-
erational, currently, providing the main RMS func-
tionality. The first evaluation of the absorbed dose
by IT Si-sensors is done. Data measured by the RMS
are in a good agreement with the simulated ones.

As future plans Cryo 1 non-operational sensor
will be fixed. Monte Carlo data with proton beam
energy up to 7 TeV and different magnet field direc-
tion will be simulated. A read-out electronics up-
grade with the TERAOS8 microchip is foreseen.

We would like to thank ST and B&B groups and
the LHCb Collaboration for exciting studies this
year. Special thanks to Fred, Helge, Jeroen, Matt,
Gloria, Federico and Richard.

1. V. Pugatch et al., Radiation Monitoring System for the
LHCb Inner Tracker, LHCb Note 2007-062.
2. V.Pugatch et al., Ukr. J. Phys. 54 (4), 418 (2009).
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THE UNIFORMITY OF RESPONSE OF TIMEPIX DETECTOR
FOR LOW ENERGY IONS
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* Institute of Applied Physics, National Academy of Sciences of Ukraine, Sumy

In any of applications of mass-spectrometry the
uniformity of response on different pars of detector
are very important. We studied uniformity of pixels
response for detector TimePix [1]. The data similar
to those presented in Figure were obtained to charac-
terize the uniformity as a function of the ion mass,
charge and energy as well as beam position. For the
first sample of the hybrid detector strong non-
uniformity has been observed for different position
of the ion beams (from hydrogen to lead isotopes) at
the detector surface (up to an order of magnitude
response variation). As an example Figure illustrates
this for the data measured with the TimePix (Hybrid
1) detector for Zr and Nb ions (charge from 1" to 4").
As one may see the isotopes abundance varies sig-
nificantly from case to case demonstrating inhomo-
geneous response of pixels in the studied sample of
the TimePix (Hybrid-1).

L]
[=]

In contrast to the first sample of the TimePix hy-
brid detector the second one has demonstrated much
better uniformity of the response. To get this value
in terms of quantity we have chosen a method
ofmeasuring the chemical and isotopic composition
of target-samples with their well known relative
contribution. Positioning the ion beams at different
parts of the detector surface (as at the Figure) one
may evaluate the quality of the response uniformity
by comparing measured and tabulated data. This
method allows avoiding uncertainties related to the
instabilities of the experimental setup of the mass-
spectrometer (laser intensity, stability of the mag-
netic and electric field etc.). The data on the uni-
formity response obtained in this way for the Time-
Pix (Hybrid-2) detector are presented in the Table.

Relative contribution of Zr"™ isotopes
into the mass-spectrum measured by the TimePix
(Hybrid-2) detector for different ion beam positions

8
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Pixel Number Pixel Number different ion beam positions at the detector surface

Mass-spectra of Zr and Nb ions with different charges
obtained by projecting corresponding two dimensional
distributions measured by TimePix (Hybrid-1).

Keeping in mind the low energy of the impinging
ions (range in silicon does not exceed 100 nm) that
has been treated as a result of the non-uniformity of
the surface dead layer of the silicon sensor [2] and it
was decided to study another sample, preliminary
selected as a candidate with lower thickness of the
dead layer.
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(top — 1, middle — 2, bottom — 3) are very close to
each other as well as to the data published [3]. Thus,
the impact of the dead layer of this sample of the
hybrid detector is nearly negligible indicating it’s
usability as an element for the electronic focal plane
of the mass-spectrometer.

1. X. Llopart, R. Ballabriga, M. Campbell et al., Nucl.
Instr. and Meth. A 581, 485 (2007).

2. M. Campbell, L. Tlustos, D. Maneuski et al., Nuclear
Physics and Atomic Energy, 10, No. 4, 424 (2009).

3. http://en.wikipedia.org/wiki/Isotopes_of zirconium
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AMPLITUDE RESPONSE OF THE PROTOTYPE SILICON STRIP
TRACKING DETECTORS FOR THE CBM EXPERIMENT

J. Heuser', A.O. Lymanets2’3, V.M. Pugatch3, Iu. E. Sorokin®®

" GSI Helmholtz Center for Heavy Ion Research, Darmstadt, Germany
? Goethe University Frankfurt, Frankfurt/Main, Germany
3 Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

The CBM experiment aims at exploring the phase
diagram of nuclear matter at high net baryon
densities and moderate temperatures, including a
clarification of the existance of Quark-Gluon Plasma
and the corresponding phase transition. It’s a fixed-
target experiment using heavy-ion beams with
energies up to 35A GeV. The CBM Silicon Tracking
System is required to cope with up to 800 charged
products per central collision, to measure their
momenta with 1 % resolution and to stand up to
10" cm™ neutron equivalent dose.

Two similar prototype detector stations based on
double-sided n-type silicon strip sensors with 50 um
pitch and 256 strips per side have been built and
tested in a 3 GeV/c proton beam at COSY
synchrotron (Jiilich, Germany). Self-triggering fron-
tend electronics based on the nXYTER chip was
used for their readout.

In comparison to the in-beam test in 2009, now
the stations showed stable and reliable operation on
tens of hours time scale. Low noise level of about
600 ¢ (factor 2 decrease w.r.t. 2009) has been
achieved and now is dominated by the preamplifier
noise. In the new stations the temperature of the
nXYTER chips was stabilized with water cooling,
which allowed to reduce the baseline drift
considerably. In addition, a continual calibration of
the baseline positions was implemented and
performed between the beam spills.

14000
12000
10000

1-strip hits

Number of Hits

oo
o
=3
=]

6000 2-strip hits

4000

40 50 60 70 80
Collected charge, 10° x e’

%0 10 20 30

Fig. 1. Typical amplitude response spectra measured with
the 3 GeV/c protons. On this figure: the response on the
n-side of one of the detectors at 80 V bias. / - strip hits
were required to be isolated in space and time. 2 - strip
hits were reconstructed on adjacent strips by requiring
50 ns coincidence in time. Correlation with a reference
scintillator signal within a 50 ns time window was always
required.
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Fig. 2. Most probable collected charge vs. the detector
bias voltage on the p- (top) and the n- (bottom) sides.

The amplitude response of the detector system to
the 3 GeV protons has been measured as a function
of the detector bias voltage (Fig. 1) and the most
probable values of the collected charge were
extracted (Fig. 2).

Clear landau-like spectra were seen on the p-side
at all bias voltages (50 - 90 V) and on the n-side
starting from 60 V. The signal to noise ratio varied
between 21 and 23 (considering the most probable
amplitude as the signal value). However the charge
collection efficiency on both sides was between 55
and 65 %.

The reason for the low charge collection
efficiency is to be investigated. The developed tools
and techniques open a way to systematic and
accurate detector characterization in future.

The work is supported by GSI, HIC for FAIR,
EU FP7 Hadronphysics2.
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PRODUCTION AND CHARACTERIZATION OF DOUBLE-SIDED MICROSTRIP SENSORS
FOR THE SILICON TRACKING SYSTEM OF THE CBM EXPERIMENT
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CBM experiment [1] at future Facility for Anti-
proton and Ion Research (FAIR) will study the prop-
erties of the phase diagram of nuclear matter in
ultrarelativistic collisions of heavy ions with nuclear
target. Its key detector — Silicon Tracking System
(STS) — will reconstruct the trajectories of up to
1000 charged particles created in each collision and
measure their momenta with ~1.5 % resolution [2].
Inelastic collisions at 10 MHz interaction rate lead to
high radiation load on the detector, that will reach
about 10" 1-MeV neq-cm'2 in six years of operation.
Current STS layout comprises 8 stations with total
area of ~3.2 m”. Thus, a set of characterization pro-
cedures is required for the quality assessment of
large number of sensors that will be used for the
STS construction.

Large-area detector prototypes of (6.2 x 6.2) cm®
size with 1024 strips at each side and +7.5° stereo
angle have been produced in cooperation between
GSI (Darmstadt, Germany) and CiS (Erfurt, Ger-
many). Sensors are compatible with ladder type
detector module design where sensors can be daisy
chained. For this, short strips in the detector corners
are interconnected using second metallization layer.

Primary characterization of the sensors requires
measurement of the leakage current and capacitance
as a function of bias voltage. For this purpose, a
simple fixture consisting of two printed circuit
boards, each with a hole and balcony, to hold the
sensor has been developed. Thus, a sensor nested
between two PCBs is reliably fixed without the need
of using glue. Wire bonds made between bias pads
of the sensor and metal traces on the PCB can be
removed later on in order to reuse the sensors.

LabVIEW software has been developed to per-
form bias scan with simultaneous measurement of
leakage current and capacitance using Keithley 6487
picoamperemeter and QuadTech 7600 LCR-meter.
Obtained current-voltage curves are shown in Fig. 1.
Bulk current is proportional to the depleted volume
and therefore follows square-root dependence on
bias voltage. After detector volume is fully depleted
leakage current saturates or shows a slow linear rise
that is explained by surface current.

Although IV-curve can be used for determination
of full depletion voltage (Vgp), transition between
the region where the current is proportional to the
square root of voltage and saturation region is not
always precisely measurable. For this purpose ca-
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pacitance-voltage curve is often used. Total back-
plane capacitance of the detector depends on the
voltage as ~V* before full depletion and stays con-
stant after full depletion. Therefore, plotting 1/C?
versus bias voltage gives two straight lines. Intersec-
tion of these lines is referred to as full depletion
voltage.
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Fig. 1. Current-voltage characteristic of microstrip sensors
from tree different wafers. All curves exhibit a kink at full
depletion voltage after which current saturates or slowly
increases.

Fig. 2 shows CV-characteristics for three detec-
tors. Plotted curves have similar shape and indicate
that Vip is equal to about 50 V for all three sensors.
This result is in agreement with current-voltage be-
havior shown in Fig. 1.
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Fig. 2. Reciprocal detector capacitance squared as a func-
tion of bias. Full depletion voltage is extracted from the
intersection of two linear regions.

1. P. Senger, CBM Collaboration, Phys. Part. Nucl. Lett
(2007).

2. J.M. Heuser et al., Nucl. Instrum. Methods A 568, 258
(2006).
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MIKPOCTPINIOBI METAJIEBI JETEKTOPHU

0. C. KoBanbuyk, B. M. IIyrau, A. B. Yayc, /. I. Ctopoxuxk,
B. O. KuBa, O. A. ®egopoBuy

Incmumym si0eprux docnioxcenv HAH Yipainu, Kuig

VY Biggini (i3MKU BUCOKUX SHEPriil BEAYThCS PO-
00TH 10 CTBOPEHHIO HOBOT'O THUIy AETEKTOPIB IJIs
peecTparii 3apsAHKeHIX YacTHHOK Ta PEHTTEHIBCH-
KOro BHIIpOMiHIOBaHHA. L{i neTekTopH, Ha3BaHi Me-
TaJIEBUMH 32 PaXyHOK CBO€i KOHCTPYKLUII (ceHcopH 3
MeTaJeBUX (OJIBT), CIPOMOXKHI PEECTPYBATH ITOTOKH
10HI3YI0YOTO BHIIPOMIHIOBAHHS Y HIMPOKOMY Jiara-
30H1 €Hepriii Ta 1HTEeHCHUBHOCTI.

OpHuM i3 HampsSMKiB PO3BUTKY METaJCBUX [e-
TEKTOPIB € CTBOPEHHS MIKPOCTPIIOBUX MeTaJeBUX
nerexktopie (MMJI) ans MOHITOpYBaHHSA ITy4KiB
CHHXPOTpPOHHOTO BUTpoMiHIOBaHHS [1]. OcobmmBo-
crsmu MMJ] neTekTopiB €: Maia TOBIIMHA JCTCK-
Tyrouoro mMatepiany (1 - 2 MKM), BUCOKa pajiamiliHa
crifikicts (10 - 100 MI'p), BUCOKa MPOCTOPOBA PO3-
IinpHA 31aTHICTH (20 MKM 3apa3 Ta 10 1 MKM y Maii-
OyTHHOMY), YHIKaJIbHA TEXHOJIOTiS BUPOOHHUIITBA,
HU3bKa poOoua Hampyra (mo 20 B), komepmiiiHo
JIOCTyIHA 3YMTyBaNbHA eJekTpoHika. [lependaua-
IOTBCSI Taki 00JIACTI 3aCTOCYBaHHS IIMX JETEKTOPIB:
MOHITOPHHT TNPO(QLII0 MIKPOIyUYKiB 3apsIKEHUX
YaCTUHOK Ta CHHXPOTPOHHOTO BUIPOMIHIOBAHHS;
cucTeMa peecTpalii mojiil y Mac-cieKTpoMeTpax Ta
CJIEKTPOHHUX MIKpPOCKOMax (€JIeKTpOHHA (hOKaJIbHA
IUIOIIMHA); JATYMKH PEHTTEHIBCBKOIO Ta raMMa-
BHUITPOMIHIOBaHHS; TPEHU3iiHI BUMIPIOBAHHS PO3-
MOJUTy J03W BHIIPOMIHIOBaHHS (MiKpoOioJoris,
MEJWIIMHA, Ta iH.); 3aCTOCYBaHHS y MIKpOMETaIyp-
rii, Mikpo©OioJorii Ta iH.

3a mintpumkoro mporpamu  CNCP  (mpoekt
YHTL] P396) y 2010 p. Oysio po3poOiaeHO Ta BUTO-
TOBJICHO TaKi AETEKTOPH:

1) “MMD64”: 64 ctpimu 3 xkpokom 100 MKM —
st XY -Mo3HLIF0BaHHSI MiHi- Ta MIKpPO-ITy4YKiB PEHT-
T'eHIBCHKOTO BUIIPOMIiHIOBaHHS;

2) “MMD16-sectors”: 16-cekTOpHUI MeTaJIeBHii
JETEKTOP IS TTO3UITIFOBAHHS MikpoIrrydka (50 MKkM B
niametpi) Ha cuHxporpoHi Diamond Light Source
(BenmukobOpuranis) (puc. 1);

3) “MMD128”: 128 ctpimiB 3 kpokoMm 30 MKM
IUIst Tpo(UTIOBaHHS MTYYKiB CHHXPOTPOHHOTO BHITPO-
MiHIOBaHHA Ha cuHXpoTpoHi ESRF (I'peH0O1S,
OpaHnis).

Y paMkax nOporpaMu CTBOPEHHS E€JIEKTPOHHOI
(hoKanbHOT TUIOIIMHNA Mac-CIIEKTPOMETpa po3pobiie-
HO Ta BWIOTOBJIEHO MPOTOTHUI  JETEKTOpa
“MMJ11024” (1024 cTpimm 3 kpokoM 60 MK) (puc. 2)
Ta CUCTEMH 3YUTYBaHHS Ha OCHOBI |28-kaHalbHUX

3apsiIOBO-UYTIIMBUX  TONEpPEAHIX  MiJICHIIOBAYiB
VA-SCM3 i3 mapanenpbHO-TIOCTiJOBHAM 3YUTYBaH-
HAM jgaHux 4epe3 Mikpo-koHTponep VIRTEX-II ta
USB nopT[2].

Puc. 2. IIpototun “MM/[1024”.

Y muctomazi 2010 p. BUKOHAHO JOCITIKEHHS Mi-
KPOCTPINIOBUX METAJIEBUX [ETEKTOPIB Ha €BPOIICH-
cekomy cunxpoTpoHi ESRF (I'peno6mnb, ®panuis)
Ha 0a3i meamuHOi sabopatopii ID-17. Ilapamerpu
myuka: E=100 xeB, [ = 2,7 - 10° (hoToHIB/CM - M
¢pakuioHyBaHHS Tyd4kKa: KpoK 1,2 MM, IIMpUHA
0,6 mm. [omepenHi OLWiHKH OEpKaHUX JAHWUX CBiJ-
JaTh PO HEOOXIMHICTh YAOCKOHATIECHHS KOHCTPYKITiT
MM/ nuist 3MEHIIEHHS] B3a€EMHOT'O BIIMBY CHUTHAIIB
13 cyCifHiX cTpimiB. J{Jis orepaTHBHOT OLIHKY SIKOCTI
MM/ Ha nouatky 2011 p. niaHyeTbCcsi BBEIEHHS B
JiI0 BHCOKOYYTJIMBOI 0OaraToKaHalbHOI CHCTEMH
3YUTYBaHHS.

1. V. Pugatch et al., Nucl. Instr. and Meth. A 581, 531
(2007).

2. V.M. Pugatch, O.V. Mykhailenko, and O.M. Koval-
chuk, in Proc. of the NPAE-Kyiv2008, Kyiv, June 9 -
15, 2008 (Kyiv, 2009), p. 796.
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METAJIEBUIA MIKPOIIIKCEJbHUM AETEKTOP JUIs1 MOHITOPHHI'Y PO3IOALTY
JAO31 HA BAT'ATOIIYYKOBIN BIOMEJIWYHIU JIIHII (ID17, ESRF)
CHUHXPOTPOHHOI'O BUIIPOMIHIOBAHHSA

B. M. Iyrau', A.B. Yayc', O. C. Kopaabuyk', O. 0. Oxpivenko'
M. Kemnéex’, K. JLionapt®, JI. Taycroc®, C. Mocnimmx®, M. Mpesano*

"emumym soeprux docnioocens HAH Yipainu, Kuis
’IJ[EPH, )Kenesa, Llgetiyapin
3IHcmumym excnepumenmanvhoi ma npuxiaduoi gisuxu, Ilpaza, Yecvka Pecnybnika
* €sponeiicvruii yenmp cunxpomponnozo eunpominiosanus, I penobns, Opanyis

s e pakiioHOBaHOT pajaianidHOl Tepartii
Ha Meauko-Oionoriunii niHii ID17 [1] cuaxporpona
ESRF (I'pero61mb) cTBOpeHO YCTaHOBKY 3 Oararo-
MyYKOBHM PEXHMOM ONpOMiHeHHs. Po3pobnenuii
PEXUM Teparii BUMarae moTy>XKHUX 103, 10 KiJIbBKOX
k['p/c. ®akTop HAABUCOKOTO pajialliifHOro HaBaHTa-
JKEHHS BUKJIIOYA€ BUKOPHUCTaHHS OyIb-KHX Tpaau-
[IAHUX JCTEKTOPIB JJIsi BUMIPIOBAHHS PO3IOJLTY
7031 10 0araThOX IyYKax y peXHUMi peaslbHOro 4a-
cy. Po3mnofin 103u BUMIPIOIOTH JIMIIIE 33 TOTIOMOT OO
CreLialbHUX PEHTTeHIBChKUX ILUTIBOK, 0OpoOKa iH-
¢dopmaii 3 sKux 3aiimae 1 - 2 gHi.

Pospobmeni B IS1/] HAH VYkpainu meranesi jne-
TeKTOopH [2] mpuAaTHI A7 BUKOPHUCTAHHS 3a BHUIIE-
O3HAa4YCHUX YMOB y pexkumi ‘on-line’. s MoHiTO-
PUHTY PO3MOALUTY JO03W BiA iHAMBIIyalbHUX IYyUKiB
CHHXPOTPOHHOI'O BHIIPOMIHIOBaHHA Ha MEIHMKO-010-
noriuniit ninii ID17 (ESRF) Hamu Oyso 3anponoHo-
BaHO Ta BHUIpOOyBaHO B ekcrmepumeHTi MI-1056
(22.11.2010) cuctemy BHMIipIOBaHHS Ha OCHOBI Me-
TAJIEBOTO PEKUMY MIKPO-IIIKCEIBHOTO JETEKTOpa
TimePix [2]. Ily4ok CHHXPOTPOHHOTO BHITPOMIHIO-
BaHHS MaB TaKi XapaKTePUCTHKH: eHepris Bix 20 1o
500 xeB 3 makcumymom Om3eko 150 keB, inTeHcH-
BHicTS 2 - 10° poToHiB/(c - MM® ), po3HOiNeHa Mik
BicbMa abo 16 mydkamu 3 po3mipamu 600 MKM Ta
BiJIcCTaHHIO MK HUMH 600 MKM TIpH IHUPHHI MYUIKiB
Bixg 1 go 16 Mm.

MeraneBuii pexxum podotu TimePix Oy peaii-
30BaHUIl HaMU paHillle B JOCIiPKEHHSIX 3 i0HAMU
HU3bKO1 eHeprii. KOHCTpYKTHBHO B JaHOMY eKcIie-
PUMEHTI BiH HOJNATa€ B TOMY, L0 peecTpauist GoTo-
HiB BiOyBaeTbCsl O€3IIOCepeTHbO METAIEBUMH €Jle-
KTPOJaMH TOJIbOBOTO TPAaH3UCTOPA BXIJHOTO KacKa-
Jly 3apsA04yTJIMBOTO MijcuiroBayva. J{s miBUICH-
HSl e(peKTHBHOCTI 30MpaHHs BTOPUHHHX EJIEKTPOHIB
HaJ TIOBepXHelo yciel (256 x 256) maTpwuili enexTpo-
IiB (miameTp Ou3bko 50 MK KOXHWMIA) 3a JIOTIOMO-
r'OI0 METaJIeBOI CITKU CTBOPEHO MPUCKOPIOIOYE eNeK-
TpUYHE TOJIE.

IIIOPIYHUK - 2010

Ha pucyHky HaBeieHO NpHUKIa[ OTHOTO i3 30-
OpakeHb y peaJbHOMY 4Yaci po3Monily iHTEeHCHBHO-
CTi BICBMOX ITyYKiB CHHXPOTPOHHOTO BHITPOMiHIO-
BaHHs. [llupuna Ta Bucora myukiB 600 MkM, Bif-
CTaHb MIX Iy4kamu 1,2 MM.

Howmep mikcens

. &
n
B
.

Homep mikcens

TimePix-Metal. 300pakeHHs1 BOCbMH ITyUKiB
CHUHXpOTpOHHOTO BHIpoMiHtoBanHs ID17 (ESRF).

BaxxnnBoro xapaKkTepHCTUKOIO IHOTO PO3MOILTY
JUIS MEQUKO-010JIOTIYHUX ILiJI€H € BiAHOILIEHHS MaK-
CHUMAaJIbHO 1HTEHCHBHOCTI B 00JAacCTi MydYKiB A0 iH-
TEHCHUBHOCTI pamiarii Mi>k HuMu. [lomepenHs oriHKa
“peak-to-valley ratio” (PVR) cTaHOBUTH BeNUYUHY
OnMu3BKO 5, 110 Maike BIBiUi IEPEBUILLYE MTOTEPEIHI
BuMiproBaHHs PVR 3a momomororo pamioxpomMHHX
wiiBok. OnepkaHo 3HAYHY KUIBKICTh TJAHUX JUIS Pi3-
HUX Mojau(ikailiii 6baraTorry4koBoi KoHpiryparii.

Martepianu OynyTh omyOiKOBaHI HAHOIMKIUM
YacoM.

1. http://www.esrf.eu/UsersAndScience/Experiments/Im
aging/ID17

2. V. Pugatch et al., Nucl. Instr. and Meth. A 581, 531
(2007).

3. X. Llopart et al., Ibid. p. 485
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MATEMATHUYECKUNA YUET BJIUSIHUSA ANIAPATHOM ®YHKIIUA
IIPU PETHCTPALIUM DKCIIEPUMEHTAJIBHBIX JAHHBIX

A. M. Coko.10B

Hnemumym sdeproix uccnedosanui HAH Yxpaunol, Kueg

Perucrtpamus sKkcriepuMEHTANbHBIX JAAHHBIX all-
naparypoi, (eciu oHa JMHEHA), OMHUCHIBACTCA MH-
TerpaibHbIM ypaBHeHneM Dpenronbpma 1-ro pona

jK(t,s)x(s)ds =y(t), telc,d],

(B omeparopHoMm BHJe Kx =), €9)

rae x(s) — WHTepecylollas Hac HMCXOJHas 3aBHCH-
MOCTh; )(f) — 3aperucTpUpOBaHHAs ammapaTypoi
3aBUCUMOCTD; K(?, §) — anmapaTHast QyHKIHsI, TIpei-
royiaraeMas 3aJJaHHOH.

W3BectHO, uTO pemenune ypaBHeHus (1) Hey-
CTOWYMBO K W3MEHEHHsIM B mpaBoi udactu [1]. Ha
npakTuke, BMecTo y(f) ObIBaeT moiydeHa ys(f) —
npasast 4acTh C MOTPELIHOCTHIO, YPOBEHH KOTOPOH O:

|y ()= »s (1), <6 )

[TosTOMy B 3THX YCIOBHSX Ul PELICHUS ypaB-
HeHnus (1) TPHUXOAWTCS TPUMEHSATH CIEIHAIbHBIC
YCTOMYMBBIE METOJIbI, HATIPUMEP METOJ peryJisipu-
3auuu [1], korna pemenune ypasHenus (1) ¢ mpasoit
4acTelo Vs(f) 3aMeHsieTcs 3ajadedl Ha MUHHMYM
CTJIaKHBAOLLETO ¢byHKIHOHANA TuxoHoBa

2 2
||KX—y§||L2+(Z”X”W21 , KOoTopasi, B CBOIO O4e-

penb, TPUBOJUT K PEIICHHIO COOTBETCTBYIOIIETO
ypaBHEHHS Diiepa

K'Kx+a(x-x")=K"y,. 3)

Bri6op mapaMerpa perysspusainudd O UMEeT pe-
[Iaroliee 3HAYCHUE B METOJE peryJsipu3anuu. Bei-
0Op IO IPHUHIIUITY HEBS3KH [2] jKeIaTenbHO TOTION-
HUTh aHAJIM30M CBOMCTB peumieHuss C HUCIIO0JIb-
30BaHUEM amnpuopHOi mHpopmanuu o Hem. Hampu-
Mep, €CJIH U3BECTHO, YTO PETUCTPUPYETCS TUCKPET-
HBIU CUTHAJI BUIA

x(s) = Zeid(s - pi), “

TO, pemas ypaBHeHue (3), MOXHO OIPEIEIUTh
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YHCIIO U TIPUMEPHOE TOJOXKEHHE KOMIIOHEHT X(5), a
MOCIIE TOTO TEPEeUTH K 3ajade, pemieHre KOTOpOu
YCTOWYHBO

2
min
CisDi

D e K(t,p,) = ys(1)

i=1

)

L2

[Ipu pemenun ypaBHenus (3) npou3BogUTCA KO-
HEYHO-Pa3HOCTHAs ammpoKCUMAaLUsl WHTErpalbHBIX
n auddepeHIaTbHBIX ONEepaToOpoOB, W 3a7ada CBO-
TUTCS K PEIISHUI0 CHUCTeMBbl JIMHEHHBIX anreOpa-
WYECKUX YPABHEHUM.

B BaxxaHom vactHOM ciyyae K(¢, s) = K(t - s) mpu
perieHun ypaBHeHUS (3) yI0OHO MPUMEHUTH MPeo0-
pasoBanne @ypbe W cBecTH 3ajady K ainredpa-
WYECKOMY YpaBHEHHMIO [Jisi MpeoOpa3oBaHHBIX
¢yHKIMA. Pa3zpemB ero oTHOCHTENBHO MPeodpaso-
BaHus @Dyppe ANS PEryIApPU30BAHHOTO PpEIICHHUS,
NPUMEHSIOT K HeMy oOpaTHoe mpeobpa3oBanue Dy-
pre. Ha pucyHke mokazan mpumep oOpaOOTKH He-
MIPEPBIBHOTO CIIEKTPa MO METOIy PETyJISpH3aliH C
npUMeHEeHHEeM OBICTpOro npeodpasoBanust Oypoe.

250 1 I I

gk
——+
Ry
(Sasas] o
Vk

VicxonHblii cCeKTp (JIMHUSA — ), 3aperUCTPUPOBAHHBII
CHEKTpP (—+—) U pe3ynbTar peryspusanua (—o—).

1. A.H. TuxonoB u B.S. Apcennn. Memoouvl pewenus
Hexoppekmubix 3a0ay (Hayka, M., 1979).

2. B.A.Mopo3oB. Pecynsaprvie memoovl peuieHus He-
Koppexmuo nocmasnennvix 3a0ay (U3g-so MI'Y, M.,
1974).
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_ BATATOKAHAJIbHUI AHAJIIBATOP
JJIsI HEUTPOHHOI'O CIIEKTPOMETPA 3A YACOM HPOJIBOTY

A. I1. Boiitep, B. I. Caicenko, M. L. loponin, 1. O. Ma3uuii, O. A. BacuibkeBud,
B. B. I'oaik, O. M. KoBaabos, B. I. Konauos, B. I'. CaBuyk

ITnemumym sdeprux docniosicene HAH Vipainu, Kuis

Po3po6iieno HOBHiT OararokaHabHUI aHATI3aTOP
HEHTPOHHOT'O CIIEKTPOMETPA 3@ YaCOM MPOJIBOTY LIS
BHUMIPIOBaHHSI €HEPreTHYHUX 1 KyTOBHX PO3IMOILTIB
HelTpoHiB Ha peakTopi BBP-M [1].

AmHanizatop Mae 16 BHMIipIOBAIBHHX KaHAJIB 3
JIBOMa JOJaTKOBUMU MOHITOPHHUMH KaHajJaMH, SKi
iHTerpoBaHi cucTteMHOI0 muHOIO ISA. Kanamu
00’eTHaHI Yepe3 aHaJoroBi KOMYTaTOPH 3 HOMEPOM
nerexkropa (AKH/I) y nBa xiractepu 3 0JJHOTO MOHI-
TOPHOTO Ta BOCbMH BUMipIOBaJIbHUX KaHAIIB.

Y KOXHOMY KJIacTepi CUTHAIM BijJ KaHAIIB Yyepe3
BiAMOBimHI TporpamoBani miacwmoBadi (I1I1) wam-
xo1aTh 10 AKHJI, sxuit Mae nBi rpynu BUXiTHHX
curHaniB. [lepma rpynma y ckiaai CKOMYTOBaHOTO
BXIIHOT'O CHUTHAJIy Ta TPUPO3PSAAHOrO KOy HOMEpa
JNETEKTOpa HAIXOAWTh HA BXiJl aMIUIITYIHO-
nugpoBoro neperBoproBada (ALIl) mist amrutitya-
HOI (QimbTpamii, qpyra rpyma 3 BOCbMHU cHOpPMOBa-
HUAX Ta CEJIIEKTOBAHMWX 3a aMIUTITYJOI0 IMITYJILCIB 3
JETEKTOpIB — Ha BXiJ BUMipIoBaya 4acOBHX iHTEp-
BaiiB (BYI). Ha aBa inmmux Bxomu BUI momaroThbes
CUTHAJl TIOYATKy BIIJIIKY iHTepBaly 4acy Bix ¢op-
MyBada immysbcy uacoBoi npuB’sizku (DIYII) Ta
CUTHAaJ 3 JUCKpUMiHatopa HWXHbOTO piBHS ALl
MOHITOPHOTO KaHay.

I, AKHJ, ALII ta BUI € npuctposiMu 3 mpo-
TPaMHUM YTPaBIiHHIM Bil CHCTEMHOTO KOMII IOTe-
pa (CK). Y IIII nporpaMHO BCTaHOBIIOEThCS Koedi-
LIEHT MiJCUJICHHS, 0 HEOOX1IHO MPY aMILTITYIHIN
¢inpTpanii curHaymiB 3 KaHaJiB Ta MOTOYHINA XHIH
kopeknii. B AKH/I mporpaMHO BCTaHOBIIOIOTHCS
3HA4YeHHS HIKHIX TOporiB auckpuminamii. AL Ta
BUI kpimM MOXIMBOCTI MPOrpaMHOI YCTAHOBKH IXHIiX
po0OYMX MapaMeTpiB € aKTUBHUMHU NIPUCTPOSIMH, IO
(hbopMyIOTh CHTHAJIM TIEPEPUBAHHS IIPU HASBHOCTI
JaHUX BUMIpSHOI aMIUTiTY 11 iMiyJibey (B ALIIT) abo
BiJNOBIAHOrO 3amoBHEHHS OydepHOi mam’sTi 3Ha-
YeHHSAMU iHTepBaTiB dacy (y BUI).

YupaeininHs poOOTOK aHai3aTopa 3IHCHIOETH-
Csl CHUCTEMHUMH KOMII'IOTE€paMH, MPUYOMY 3 KOH-
CTPYKTUBHUX MIpPKyBaHb KOXEH 3 KJIACTepiB 00CIy-
TOBYETBHCSI OKPEMHUM KOMIT FOTEPOM, SIKi Yepe3 JIoKa-
JBHY MEpEKy 00’ €JHaHi 3 cCEpBEPOM.

IIporpamue 3abe3medeHHS aHami3aTopa CKia-
JA€TbCs 3 TPHOX IMPOTrpaM, sSKi CHHXPOHHO (yH-
KLIOHYIOTh Y KO)KHOMY 3 KJIacTepiB: MporpaMu Ha-

HIOPIYHHUK - 2010

JIaroJKEHHSI aNlapaTHO-3aJIeKHOT YaCTUHU METOIUKH
BUMIpIOBaHb, IPOTPaMu HAOOPY YACOBUX PO3IOILITIB
Ta MporpamMu 00poOKH JaHUX.

AmHamizatop moOyJOBaHO Ha OCHOBI PO3IIH-
proBaya muHM ISA BP-14S-RS-R30. 3 ypaxysan-
HSIM HasiBHOCTI 14 HOCTYyNHUX MicLb Ul YCTaHOBKH
IUIaT y PO3MIMPIOBAYi aHATI3aTOp BHKOHAHO Y JBOX
O510Kax, KOXKHHM 3 AKHX peali3ye OKpeMuil KiacTep.
OpuH 3 OJIOKIB € TOJIOBHUM 1 BiJPi3HSIETHCS BiJl iH-
moro (TAMOPSIKOBAHOTO) HASIBHICTIO MOHITOPHOTO
kaHajay Ta twiatd OJAMI, o 3aificHIOE CHHXPOHI3a-
mito. Takuii miaxig MOIUIBHUN TaKOXK 3 OTJISAY MO-
JKIIMBOTO HapOIIyBaHHS KiIBKOCTI KJIACTEPiB B apXi-
TEeKTypl aHaii3aTopa MUISXOM MiAKITIOYCHHS BiIO-
BiIHOT KUIBKOCTI MiAMOpsAKOBaHUX OJOKIB. [oJo-
BHUI OJOK MOXE BHKOPHUCTOBYBATHCS TaKOX SK
OKpEeMHI aHaTi3aTop 3 MOBIIHHOIO KUTBKICTIO KaHa-
JIB y MEXax BOCHMH.

KoHcTpykiito TonoBHOro 0j0Ka aHamizaTopa Ta
HOro CKJaJI0BI MOKA3aHO HA PUCYHKY.

AmnanizaTop NpHU3HAYEHUH AN 3aMiHU (Di3MYHO
Ta (YHKIIIOHAIEHO 3aCTapilioro JiF0Yoro aHali3aTo-
pa 3 METOI0 PO3MIUPEHHS KITBKOCTI BUMipIOBATBHHAX
KaHaIiB, IiIBUIICHHS TOYHOCTI BUMIPIOBaHb, CKOPO-
YeHHs 4acy HaJlaro/pKeHHS KaHANIB Ta 3a0e3redeH-
HS IXHBOTO aBTOMAaTHYHOTO MOHITOPYBAaHHS IPOTS-
TOM EKCIICPUMEHTY.

1. A.IIL Boiirep, B.I. Cricenxko, M.I. lopoHin ma iu.,
SAnepna ¢izuka Ta enepreruka. 11, Ne 1, 90 (2010).
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MOJEJIb JJIs1 AHAJI3Y 3ATPUMKU IEPEJAYI
B MOHOKAHAJIBHUX KOMII'IOTEPHUX MEPEXAX

A. II. Boiitep

Incmumym si0eprux docnioxcenv HAH Yrpainu, Kuig

Y MOHOKaHaJIbHUX KOMIT IOTEPHHUX MEpexax BU-
KOPUCTOBYIOTh HPOTOKOJM YIPABIiHHS Tepenaveto
B MOHOKaHai, sKi 0a3yroThCsl Ha THYUKid a0o >kop-
CTKiH cTpaTerii MHOKMHHOTO AOCTYIY 3 KOHTPOJEM
curHany Hecydoi (MIAKH). Ilpu rHyukiii crparerii
3aTpUMKa nepefadi Mae OBi ckianosi. [lepma, siKy
OyzeMo Ha3MBaTH 3aTPUMKOIO BiIKIaACHOI mepena-
4i, 00yMOBJIeHa HEOOXITHICTIO TIOBTOPHOI Tepemadi
Yepe3 iHTepBall BUTIAIKOBOI TPUBAIOCTI B pa3i BUSB-
JICHHS 3al{HATOTO CTaHy MOHOKaHaimy. Jpyra, ime-
HOBaHa ITOCTKOH(IIKTHOIO 3aTPUMKOI0 Tepemadi,
BUHHKA€ B pe3ylbTaTi KOHQUIIKTY Ta B3aEMHOTO
MOLIKOKEHHsI MakeTiB paHux. s sxopceTkoi crpa-
Terii XapakTepHUM € BiJCYTHICTh IEpIIOi i3 3a3Ha-
YEHUX CKIIaJIOBUX.

Mertoro poOoTH € BU3HAUCHHS B3a€EMHOTO CIIiB-
BiJHOIIEHHS THYYKOTO Ta >XOPCTKOTO MPOTOKOJIB
M/IKH no 3aTpumiii mepemadi, a TAKOK BU3HAYCHHS
Ut THY9KOTO TipoTokory MJIKH Bkitamy B cymapHy
3aTPUMKY Iepeadi KOXKHOI 3 11 CKJIaJOBHX.

st IpoTOKOTy 3 THYYKOIO CTpaTeri€lo (THyd-
xoro MJIKH) otpumaHo piBHSHHS HMOBIPHOCTI
MOBTOPHOI Tepeiadi MaKeTiB

-aG
Pl
(1+2a)G+e ™

ne G — HOpMOBaHa IHTEHCUBHICTh Tepeadi MakeTiB
JAHWX; @ — HOPMOBAHA BEJIHYMHA IHTEPBaIy Bpa3JjiH-
BocTi. /Iyis mporo >k MpOTOKONY WMOBIpHICTH Bif-

{%'PH

0.1

: sl
T

-0.1
-0.2
&
0.01 0.1 1 10 100

Puc. 1. CuiBBinHOLICHHS IMOBIPHOCTEW TIOBTOPHOI TIepeIadi.

Pesynbratn aHamizy JMO3BOJSIOTH TPH  Opra-
Hi3allii aJalTUBHOIO YMPaBIiHHA MHOXHHHUM JO-
CTYTIOM JI0 MOHOKaHATy 3MIIHCHIOBATH OOTpyHTOBAaHE
3aCTOCYBaHHS THYYKOi abo KOpcTKoi crpaterii 3a-
JIeKHO Bif Iianma3oHY 3MiHM iHTEHCHBHOCTI Tpagiky,
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KJIaJICHOI Tepeaadi NOpiBHIOE P, =1-P,, & WMOBIp-
HICTb TNOCTKOH(DIIKTHIA mepenayi
PIBHSHHSIM

BU3HAYAETHCA

P=(1-e"")P,

ne P = ((1 +2a)G+e ™ )71 .

IMoBipHiCT TOBTOPHOI Mepenadi st MPOTOKOITY 3
KOpCTKOIO0 cTparerieto (skopctkoro MJIKH) Bu3Ha-
Ya€eThCS PIBHAHHAM

p __IP+BPR,
’ B+1
a ta aG
pe 1=, B=(l+a)e", P=—r,
_ (I+a)G
Pb - 1_@—(1+0)G :

Ha migcraBi nux iMOBIpHOCTEH MOXHA BU3HAYNUTH
3aTPUMKY Tepeaadi nakeTiB D y BUIIIAI cepeqHbo-
ro Yucia crpo0, BUKOPUCTOBYBAHUX VISl yCIIIIHOT
nepeadi KO)KHOTO NaKkeTa B yMOBaX KOHKYPEHTHOTO

1 .
JOCTYIly O MOHOOKaHaiy D, = 7’ nei={n,p}.
-4
Ha puc. 1 npencrarieHo CIiBBIIHONIIEHHS HMO-
BIpHOCTEH MOBTOPHOI Mepeaadi KOPCTKOro i THyY-
koro nporokoniB MJIKH, a Ha puc. 2 — 3arpumka
nepeaadi Jis IUX MPOTOKOIIB.

D,
DP
10
Dy
5
_.i_:i:
0.1 1 10

H

Puc. 2. 3arpumka nepenadi.

a TaKOX OOYHCIIIOBATH CEpeIHE 3HAUCHHS 3aTPUMKH
nepenavi. KpiMm Toro, mokasaHo, 1o Ajsi THYYKOi
cTparerii 3aTpuMKa mepeaadi BU3HAYAEThCSI B OCHO-
BHOMY 3aTPHMKOIO BIJIKJIaJeHOI mepeaadi, a BHECOK
MOCTKOH(MIIKTHIN 3aTPUMKH HE3HAYHHH.
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SAHNEPHA OI3UKA

MOJIYJIb YJIAJTEHHON KOMMYTAIIUA U YIIPABJIEHUS BYK-1

A. H. KoBajeB

Hucmumym sdepuvix ucciedosanuii HAH Yxpaunvl, Kues

Pazpaboran mudpoBoit MOAyYIH (Jaee Mo TEeKCTY
MOJyJIb) [Tl UCIOB30BAaHHS B CHCTEMaX aBTOMATH-
3UPOBAHHOTO YMPaBJICHUS U KOHTPOJS (PU3NYECKU-
MU ycraHoBKaMu. OH TO3BOJSET yAaleHHO KOMMY-
TUpoBath cwioBble 1enu (8 pene, 235 B/10 A) u
OCYILECTBISET JucTaHIMOHHBI cbeM TTJI ypoBHei
mo 16 toukam. Bce 16 nmuHMIA KOHTPOJNS MO CYTH
CBOEGH SBIIIIOTCS TOPTAaMH BBOJA/BBIBOJIa MHUKPO-
koHTpoiiepa ATMega32, mo3TOMy MOTYT OBITh
JIETKO TepenporpaMMHUPOBAHbl O] KOHKPETHBIE
3aJIa4H.

KoHcTpykTHBHOE WCTIONHEHHE MOAYNA Tpeny-
CMaTpHUBaeT HCKIIOUYEHHE MEXaHHYECKUX CHIIOBBIX
ueneid. B TakoMm ciydae 3aneHCTBYIOTCA TpaH3U-
CTOPHBIE KITFOYHM C OTKPBITHIM KojuiekTopoM. Kirroun
peanmzoBanbl Ha Mukpocxeme ULN2803A (BbIxoa-
Hoe HampspkeHue 50 B, Toxk xommytamuu 500 MA,
KoJm4ecTBO Kitoueh 8). CTpyKTypHAsl cxeMa MOIy-
I TTIOKa3aHa Ha puc. 1.

[ KommyTauMoHHaA NnaHenb Ha 16 coe gMHEHMIA ]

1C

‘ CxeMa MOJAaBIeHAR MoMeX, 16 JTHHEH. ‘

MuxpororTpontep |/—1| BHemHHe HOpTH
ATMega32 hN—/]  RS485/RS232

‘ Bydepueni kackan, 8 wmrodei (ULN2803A). ‘

1T

[ KOMMYTaLMOHHAA NaHeNb Ha 8 CoeAMHEHUIA ]

Puc. 1.

Ha ¢wusuueckom ypoBHE MOIyNb HCHOJIB3YET
npotokod cBsi3u RS-485. JlaHHBIH NpPOTOKOJ SIBISI-
eTCcsl HauOoJee MIMPOKO HWCHOIB3yEeMBIM ITPOMBIIII-
JICHHBIM CTaHAAPTOM, HCIIONB3YIONINM JBYHAIPaB-
JICHHYI0 CcOalaHCHpPOBaHHYIO JIMHHIO —TIepelayu.
[IpoTokon moamepKUBaeT MHOTOTOYEYHBIE COEIH-
HeHUs, o0ecrieunBas CO3JaHHUE CeTeld C KOJMdec-
TBOM Y3JIOB 110 32 W mepenady Ha pacCTOSHHE IO
1200 m.

YnopaBneHne W MpPOrpaMMHUpPOBAHHE  MOJYJIS
ocymecTBisiercss yepe3 nopt RS-485 mmm RS-232.
Coenunenne o RS-232 nenecooOpa3Ho HCIONB30-
BaTh Ha PaCCTOSHUAX A0 15 M.

HIOPIYHHUK - 2010

Kommposka xomann - AT momobnas (ASCID),
NPUMEHSIONIAscs B MOJAEMHBIX (TCpPMHHAIBHBIX )
ycrpoiictBax. [lepekiroueHns B peXHUM AaHHBIX
(BIN) He momnep uBaeTcs B CBSI3U C OTCYTCTBHEM
HEOOXOAMMOCTH TiepenaBarh (MPUHUMATh) OOJIBIITHE
00beMbI HTHPOPMAIIHH.

Kaxnpii monyns BYK-1 umeer cBoil yHHKab-
HBII HOMEp, YTO TO3BOJSET HCIOIB30BATh €ro B
ceTsix RS-485. MakcumanbHas CKOpPOCTh OOMEHa
monyisi BYK-1 cocrasusier 1 Mout/c. Konerpykus
MOJyJIsl TOKa3aHa Ha puc. 2.

Puc. 2.

[Tockonbky OONBIIMHCTBO MEPCOHATBHBIX KOM-
NBIOTEPOB He coxepxar uHTepderic RS-485, Obn
pa3paboTaH W peann3oBaH OJOK COMPSHKEHHS ITOP-
ToB RS-232 1 RS-485. Koncrpykiust 610ka mokasa-
Ha Ha puc. 3.

'

'.‘.ﬂ o

P Y el

Puc. 3.

73



AHOTaUiT po6iT 3 aTOMHOT eHepreTUKU

JOCJIIKEHHS MO ONTUMI3AILIIL TEXHOJIOI'TI HAIPAIIIOBAHHSA
PAJIIOHYKJIIJIA Mo B JOCJIJHULIBKOMY PEAKTOPI BBP-M ISIJI HAH YKPATHU

II. M. Bopona, B. ®@. Pa30yneit

Inemumym si0epruux docniosicenv HAH Yrpainu, Kuis

I[IpukiagHe 3HaYeHHs pagioizoTomy Mo 06y-
MOBJICHO BHKOPHCTAaHHSM HOro B pamiodapmaries-
TUYHIA TPOMUCIOBOCTI SIK BUXIJHOI CHPOBHHH IJIS
oJiepkaHHs (B pe3yNibTaTi palioaKTUBHOTO PO3MAIY)
pamioaktuBHOTO ~"TC, KUl € HANHGimbII 3aTpely-
BaHUM B S/IEPHIN METUIMHI PaliOHYKIIiIOM.

Ha peaxtopi BBP-M BmnpoBamkeHo MeTon BH-
pobuunTBa pamiodapmmnpenapary - Tc-meprexHe-
TaT (PO34HH Na’*™TcO,) Ha LIEHTPATI30BaHOMY €KC-
TpakwiitHoMy rexeparopi [1]. Onepxannst * Mo s
3a0e3nedeHHd poOOTH T'eHepaTopa 3AIMCHIOETHCS B

peaxTopi 32 paxyHOK  sAepHOi  peakii
“Mo(n,y)”’Mo — *™T¢ y miureni 3 *MoO; (36ara-
yeHHs 110 Mo 10 98,5 %). OntuMizaist iporiecy
HAKOIMYEHHsI HYKJIi/IiB MOJIsirae y BUOOPI eHepreTu-
YHOTO iHTepBaly (n, y)-peakuiil (TerioBi, pe3oHaH-
CHI YW IIBHUJKI HEUTPOHU) Ta CTBOPEHHI B aKTHUBHIN
30HI peakTopa TEXHOJOTIYHUX MPHUCTPOIB 3 BiMITOBI-
THUM CIEKTPAIGHUM CKIIQJOM HEHTPOHHOTO IIOJIS.
CriexTpanbHi XapaKTepUCTHKH HEUTPOHHOTO TOJS B
PI3HHX CEPEeIOBHUINAX y PEaKTOpi PO3paxoBaHO B [2]
(muB. TaGIHIIO).

XapakTepuCTHKH HeHAITPOHHOIO MOJIA B Pi3HUX cepegoBuiIax peakropa BBP-M

. Jonst HeWTpoHIB y pi3HUX
Cepentopuiue 5 peakropi: [impHICTH IHTepBaax CHEPreTHYHOTO CIIEKTPa
AK3 — axTuBHa 30Ha; HEUTPOHHOTO MOTOKY 20-05MeB | 05MeB-05¢B | E<05eB
TBE — TemnoBUAUISIOUYHI €JIEMEHT; 1013 HEHTPOH/( ov c)’ - 0,5 ‘e »> MeB - ,S.e =) e.
TB3 - TemoBHiIs0Ya 36ipKa IIBuak1 Pe3onancHi Temnost
HEUTPOHU HEUTPOHU HEUTPOHU
ITanuso (B TBE) 10,02 0,31 0,45 0,24
Bona B AK3 (mixk TBE) 10,00 0,29 0,45 0,26
BeputieBuii BinOuBau 3,59 0,08 0,32 0,60
Bojna nopoxnuna va 7 TB3 6,93 0,07 0,19 0,74
Bojna nopoxnnna Ha 19 TB3 3,89 0,06 0,16 0,78

s BUOOpY ONTHMANIBHOIO CHEKTPa 3alpOIOHO-
BAaHO Ta BHKOPHUCTAHO METOJ PO3paxyHKY HaKOITH-
YeHHSl pagioHyKIiAiB [3], B SIKOMy BpPaxOBY€ThCS
BHECOK YChOT'O EHEPIeTHYHOIO CIIEKTPpa HEHTPOHIB Yy
niamasowni Bix 10° 10 20 MeB.

Pospaxysku mis Mo IIOKa3yl0Th, 110 BHECOK
HEHUTPOHIB pI3HUX €Heprii B HOro HaKOMWYEHHS
cranoBuTh: 10 % - Temmosi, 85 % - pe3oHaHCHI Ta
5 % mBuaki HeTponu [3]. OTke, ONpOMiHEHHS MO-
TMOIEHOBHUX MillIeHEH PEKOMEHIOBAHO MPOBOJUTH B
CEPENOBUIII 3 OiIBII YKOPCTKAM CIIEKTPOM HEHTpO-
HiB: 4 5% pe3oHaHCHUX Ta 26 % TEMIOBUX HEUTPO-
HiB (AUB. ApYyTrHii psaoK Tabiuui). OnpoMiHIOBaIbHI
00’€MH 3 TAKMMU CIEKTPAaMH MOXYTh (hOpMYBaTHCh
B AK3 peakropa y BHIJISAI JTOKATHHUX aMITysl Ta
BEepPTHKAILHUX KaHAJIB Ha Miclli BuiiHsaToi TB3 [4].

Jns momanpmoro nepeopMyBaHHS HEUTPOHHUX
CHEKTPIB B ONMPOMIHIOBAJIBHUX 00’€Max PO3TIISTHYTO
BapiaHTH IXHBOTO OTOYEHHS IIapOoM OEpUIIi€BUX BU-
truckyBadiB Ta TB3 3i cBixumM manuBoM. Lle mae 6ins
20 % 10/1aTKOBOTO 30iIbIeHHs BUXO1y *~Mo.

PoGora miarpumana YHTLI, mpoext Ne Uz-25.

1. P.M. Vorona and V.M. Shevel, y Ilopiunux-2009 L]
HAH Yxpainu (Kuis, 2010), c. 95; in Proc. of the 3-rd
Int. Conf. “Current Problems in Nuclear Physics and
Atomic Energy”, Kyiv, 7-12 June, 2010 (Kyiv, 2011),
p. 581.

2. II.M. Bopona ta B.®. Paszdyneit, y Ljopiunux-2007
Al HAH Ykpainu (Kuis, 2008), c. 109; Snepna o¢i-
3mKa Ta eHepretuka, 11, Ne 1, 57 (2010).

3. P.M. Vorona and V.F. Razbudey, in Proc. of the 3-rd
Int. Conf. “Current Problems in Nuclear Physics and
Atomic Energy” Kyiv, 7-12 June, 2010 (Kyiv, 2011),
p. 576.

4. TI.M. Boposna, L.E. Icakac Ta B.O. lllycros, fAnepHi ta
pamiartiiiai Texnoorii. 6, Ne 3 - 4, 67 (2006).
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ATOMHA EHEPTETHUKA

PO3POEKH 3 SIJIEPHUX TA PAJIANIMHUX TEXHOJIOI'TH B ISl HAH YKPAIHA

I. M. BumineBcokuii, B. I. Caxno

Tnecmumym soepuux docnioxcenv HAH Yrpainu, Kuis

Hageneno pesynbratu [HCTUTYTY SII€pHHX HO-
crimkenb HAH VYxpainn (IS/]) mono po3po6ok ta
BUKOPHCTaHHS SIEPHUAX 1 pajiallifHUX TEXHOJOTIH,
peanizoBaHUX y HU3I HAYKOBO-TEXHIYHUX 1 TEXHO-
JIOTIYHUX TIPOEKTIiB TPU BUKOHAHHI JEPKOIOIIKET-
HUX TE€M, HAyKOBO-TEXHIYHHMX MPOrpamM, iHHOBaLii-
HAX 1 HAYKOBO-TEXHOJOTIYHMX HAIllOHAIBHHUX Ta
MI>KHapOJHUX MPOTPaM i MPOEKTIB.

Cepen HUX OUIBII IETAIIEHO OMMCAHI:

1. panmiamifiHi TexHONOTIi JUIs BHPOOHUIITBA
MPOAYKTIB Xap4IyBaHHS;

2. pajianiidHi TEXHOJOTIT IUIsl CIIBCHKOTO TOCIO-
JlapCcTBa;

3. simepHi Ta pajiamiiHI TEXHOJOTII IS MEIu-
LUHUY;

4. papgiauiiiHi TexHomoril 1 OyAiBenbHOI 1HAY-

CTpii;

5. pamiauiiiHi TEXHONOTII I yTHIII3aLil TPOMH-
CJIOBHX BIJIXOJIB;

6. cTBopena B [S1J] GaraTorinpoBa pOMHCIOBA
panianiifHa yCTaHOBKa,

7. HoBiTHI TexHonorii [S/] 3 BUKOpuCTaHHIM 3a-
PAKCHUX YaCTHHOK HATHU3BKOI €HEeprii;

8. texHomnorii BunpoOyBanp o0magHanus AEC.

[loka3ano BaxJuBi 1151 BUPOOHUITBA €KOHOMiY-
Hi, CHEPTCTHYHI Ta €KOJIOTIYHI IMOKa3HUKU pasiartii-
HMX TEXHOJIOTIH, HEIOCSHKHI JUIS 1HIIMX METOIIB.
OOTpyHTOBYIOTBhCS HAMOLIbII TEPCICKTUBHI Trairy3i
3aCTOCYBaHHS HOBHX pafiallifHUX TEXHOJOTIH 3
ypaxyBaHHSM €KOHOMIYHOi JONUIFHOCTI Ta MOX-
JIMBOCTI MO3UTHBHO BIUIMBATH HA €()CKTUBHICTH BU-
pOOHUIITBA 1 PiBEeHb OE3MEKH.

MPOBJIEMHW PO3BUTKY TEXHIYHOI FA3HW PAMIAIIMHUX TEXHOJIOITA
ISIT HAH YKPATHH

A.T. 3eaincekuii, T. B. Kopajinceka, B. 1. Caxno, H. B. XaioBa

Incmumym si0eprux docnioncenv HAH Yrpainu, Kuig

BuknaneHo pe3ynbTaTH JOCHIHKEHB 1 PO3POOOK
y KIIOYOBHX HAaIpSIMKax YAOCKOHAJICHHA paziamiidi-
HOI TexXHIKM [HCTHUTYTY simepHUX mociimkens AH
VYxpainu (I4[1) nnst posmumpenns chepu ii 3actocy-
BaHHs B HAYKOBHX JOCIHIIPKEHHSX 1 HPAaKTHYHHUX Te-
XHOJIOTIIX AJISI aTOMHOi €HEepreTHKH. Po3risHyTo
MEPCIEeKTUBHI CTPYKTYpH palialliiHUX YCTaHOBOK
TaKoro 0araToUiIbOBOTO MPU3HAYEHHS, UUISXU aja-
nTanii iCHyIOYMX YCTaHOBOK 0 BUMOT HOBHUX aKTy-
QIPHUX HAIpPsAMKIB BUKOpHcTaHHs. HaBomsaTecs Te-
XHIYHI PO3POOKH HOBHX TEXHIYHUX 3aCO0iB I J0-
YKOMIUIEKTYBaHHs padialliiHOl TEeXHIKU TpH 3IiH-
CHEHHI (yHIaMEHTAIFHUX HAYKOBHX JOCIIIKCHb 1
MPUKIATHIX TEXHOJIOTIYHUX MPOIIECiB.

HaBeneHo mepenik CHCTEMHHX 3aXOiB yIOCKO-
HaJICHHS €KCIEPUMEHTAILHOT pamiarmiitHoi yCTaHOB-
ku [A]], skl OXOIUIIOE IHUPOKE KOJIO CTPYKTYPHHUX
1 TEXHIYHUX MUTaHb 11 PO3BUTKY. B iX mepemnik BX0-
ISITh TEXHIYHI pO3pO0OKHM 3ac00iB 3a0e3redeHHs BXi-
THUX TapaMeTpiB YCTAaHOBKM Ta IXHA cTaOimizamid,
CHCTEMH TEPMOPETYJIIOBaHHS PEXHMIB CHJIOBOTO
o0JylalHaHHS MPUCKOPIOBAYa, CHUCTEMH IiATOTOBKH

IIIOPIYHUK - 2010

Ta 3/11HCHEHHS €KCIIEPUMEHTIB.

[Toka3zaHO BaXXJIMBICTH NIABUILEHHSA TEXHIYHUX
XapaKTePUCTUK CHCTEM CHJIOBOTO JKUBJICHHS TIpU-
CKOpIOBaua 1 JIOIUIBHICTh YBEJCHHS €JICMEHTIB aB-
TOMaTH3alii ymnpaBiiHHA Oe3mocepelHbO B CKIIAJ
CTPYKTyp HHMX TEXHIYHUX 3aco0iB. HasemeHo pe-
3yJbTAaTH TPAKTUYHOI peaiizaiii Takux 3aco0iB 1
JOCBify iXHBOI eKcIlTyaTalii B Pi3HOMaHITHUX €KC-
MepUMEHTAaX.

OOTOBOPIOIOTECS TEPCIIEKTUBU  BIAOCKOHAJICHHS
KalliTaIbHUX CIIOPY[J YCTAHOBKH AJISI PO3ILUPEHHS
00csTiB 1i BHKOPHUCTAHHSA B SAepHO-(PI3MIHUX IO-
CIIJDKEHHSX Ta BHNpoOyBaHHAX oOmagHanHa AEC.
HaBenieHo pe3ysibTaTH €KCIIEPUMEHTIB 10 3/IHCHEH-
HIO TaKMX JIOCTIDKEHb 1 mepenik mpoOieM, BHpi-
HICHHS SIKUX CHOPUSTHME BJIOCKOHAJICHHIO YCTaHOB-
KH.

Buxmaneno pesynpTatH JIOCTKEHb MPOOIEM
METPOJIOTIi MOTYXHUX paiallifHAX IOJIB, Y TOMY
YHCIl ¥ 32 JONOMOTOIO PI3HOMAaHITHUX HECTaHIapT-
HUX METOJIB 1 3aC00iB BUMIpIOBaHHS IHTEHCUBHOCTI
MTOTOKIB 10HI3YIOUHX BUIIPOMiHIOBaHb.
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AHOTALIIl POBIT

PAJIAIIMHI TEXHOJIOI'TT KOPO3IMHO CTIMKOI'O BETOHY JIJIA AEC

A.T. 3exinceknii’, T.B. KoBaxincbka', B. I. Caxuo,
H. B. XaioBa', O. M ®aiineiié’, 10. P.KoaecHuxk’

1 . . .
Inemumym s0eprux docnionceny HAH Yrpainu, Kuig
2 . e . .
Tnemumym ximii 6ucoxomonexynapnux cnonyk HAH Yrpainu, Kuis

HaBeneno MeTonu BHKOPUCTAHHS pajlialliiiHIX
TEXHOJIOT1H JUIsi CTBOPEHHSI HOBOT'O THITY BUCOKOSIKi-
CHOTO KOpPO3iffHO CTiiikoro OeToHy s 00’€KTiB
ATOMHOT €HEPreTUKH.

BuxianeHo MeTouKy MiABHINEHHS CTIHKOCTI Oe-
TOHY JIO BOJOTH Ta arpeCHBHUX PEYOBHH MUITXOM
YBEACHHS B HOro CKJIaJ paaialliiHO-YyTIMBUX KOM-
ITOHCHTIB.

g mporo Ha ertarti BApOOHUIITBA IPOTIOHYETHCS
BKJIIOYATH JIO0 OCTOHY CIeliajbHI OpraHiuHi 100aB-
KM, SIKi TIOTIM MOJIIMEPU3YIOTh HIJISIXOM 30BHILIHBO-
ro ONPOMiHEHHS TaMMa-BHIIPOMIHIOBAHHSAM YU
€JICKTPOHAMH BiATIOBITHOI eHeprii. TBepAHEHHS X
MOJIIMEPIB  3IHCHIOETBCS Oe3MocCepeIHbO B TOBIII
BHPOOiIB, 3aBASKH YOMY 3aKyHOPIOIOTBCS  BCI
KamJIsipHI NUISXW TPOHWKHEHHA BOJIOTH. ToMmy
HOBHI1 Marepiall He MiIJa€ThCs MIKIJTUBOMY BIUIUBY
KJIIMaTHYHUX Ta EKCIUTyaTalifHuX (QakTopiB.

HaBeneno pe3ynbpTaTtd JOCHIIKEHD YCIX CKIIAIO-
BHX MaTepiamiB 1 TEXHOJOTIYHOTO TpoIlecy, 37ii-

CHEHI mpH po3pobui HoBoro Oerony. JlocmimxeHo
IIMPOKHUI MEpeiK OpraHigHUuX CHOJYK, 3JaTHUX T0-
JiMepu3yBaTUCS A Ai€l0 10HI3YIOUHX BHIIPOMIHIO-
BaHb. BukmaneHo Meroau BinOOpy HaWOLIBII pamia-
[IHHO-IYTIMBUX KOMIIOHEHTIB, MEXaHI3MIB iXHHOTO
BBeJeHHS B OeToH. OOroBOpPIOIOTHCS pPE3yJIbTATH
JIOCTIDKEHb TPOIeCiB pajianiiiHoi Moaudikarii Ta-
KHX CHUCTEM, KOMIUICKCHUX JOCIi/KEeHb 1 KBamidi-
Kamii HOBOro 0eToHy Ta BHpPOOiB 3 HBOTO Ha CTiii-
KIiCTh JIO arpecUBHUX (PaKTOPIB.

[IpencraBieno HeTpaaMIliiHI METOAN KOHTPOJIIO
3a pamiaifHAMKM TIOKa3HUKaMH TIporecy (hopmy-
BaHHS CTPYKTYpH Martepiary Ta Horo mojimMepu3aiiii,
po3pobieHi i peamizariii miei Texuonorii. [lokaza-
HO TIepeBaru HOBOTro OETOHY Ta BHUPOOIB 3 HHOTO ITe-
pen ycima iCHyIOUYMMH THUTIAMU aHAJIOTIYHUX MaTepi-
aniB. [ligTBepAKeHO MPAKTUYHY MOKIMBICThH peai-
3arii HOBOi TEXHOJOT11, IKa MOXe OyTH pPEKOMEH]I0-
BaHA I CHOPYA IIBHIIEHOI CTIHKOCTI aTOMHHX
EHEeProOJIOKIB.

TEXHIYHA MOJEPHI3AIIISA CUJIOBUX BY3JIB PAMTIAIIMHOI YCTAHOBKH

A.T. 3emincoknii, B. I. Caxno

Tnemumym soepuux docnioxcenv HAH Yrpainu, Kuis

HaBeneHo pe3ynbTaTi yIOCKOHAJIEHHS KOMILICK-
CY CHUCTEM CHJIOBOTO JKMBJICHHS JiHIHHOTO MPHUCKO-
proBaua, 34iHCHEHOr0 3 METOIO MOJAJIBIIOTO PO3BUT-
Ky eKCIepUMEHTaJbHOI Oa3zu IHCTUTYTY simepHux
nociimkens HAH VYkpainm (IS[). Onucyrorbes
NPUHLMIN BUOOPY IUIAXIB MOJEpHi3alii Ta peaabHO
CTBOPEHI TEXHIYHI 3ac00M, SAKi 3a0e3Medrii moKpa-
LICHHS XapaKTepUCTUKU padialliiHOT yCTaHOBKH.

Mertoro MogepHi3alii € yCyHEHHS CIIOTBOPEHb
XapaKTePUCTUK paMiallifHOTO TOIs B peaKmiiHIN
KaMepi eKCIIEpUMEHTalbHOI YCTaHOBKH. byio me-
penbdavyeHo MOJAEPHI3aIlilo0 3AIHCHIOBATH LUIIXOM
TEXHIYHOTO BJIOCKOHAJICHHS OCHOBHHUX €JIEMEHTIB
YCTaHOBKHU Ta 3aCc00IB iXHHOTO KepyBaHHA. TakuMu
€JIEMEHTAMH € CHCTEMH CHJIOBOTO >KWBJICHHS JIiHIH-
HOTO IpucKopioBada. DiykTyanil IXHIX mapamerpis
MIPU3BOAATH [0 MOTIPIICHHS POOOTH LBOTO DKEpesa
10HI3yOUOT0 BUNpOMiHIOBaHHs. J{ns pamiamiiHol

ycranoBku [S1]] po3poOieHo KOMOIHOBaHWH IUIAX

ExcrutyaTamist onmcaHnX TeXHIYHUX 3aco0iB y
CKJIa/li eKCrepuMeHTabHO1 ycTaHoBKy [S1/] mokaza-
Ja, O MOKpAIlaHHS XapaKTEPUCTHK CHUCTEM CHJIO-
BOTO KMBJICHHS OCHOBHHMX BY3JB INPHCKOpPIOBaYa
Jlalil 3MOTY 3MEHIIMTH BIUIMB CUHXPOHHHUX Iepe-
IIKOJ] Ha ITy4YOK €JIEKTPOHIB 1 3a0e3neuniny cTadiib-
HY poOOTYy IMITyJIbCHOTO IPUCKOPIOBAYA.

1. B.W. Caxuo, M.H. Bumnescbkuii, A.I'. 3euHCKui u
Op., AtomHas sueprus. 94, Bemm. 2, 163 (2003).

2. A.A. Kpacosckuit, Cnpasounux no meopuu amoma-
muueckozo ynpaenenus, on pea. A.A. KpacoBckoro
(Hayxka, M., 1987). 712 c.

3. B.U. Caxno, A.N. Apucros, 10.B. HBaHoOB,
A.A. Kinounukos, [Ipenpunm KHAH-89-11K (Un-T
smepubix uccaen. AH YCCP, 1989), 12 c.
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ATOMHA EHEPTETHUKA

SOME ASPECTS OF OPTIMIZATION OF ACCELERATOR-DRIVEN SYSTEMS

V. O. Babenko', V. I. Gulik?, V. M. Pavlovych®

" M. M. Bogolyubov Institute for Theoretical Physics, National Academy of Sciences of Ukraine, Kyiv
? Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

The long-term hazard of radioactive wastes aris-
ing from nuclear energy production is a matter of
continued public discussion in many countries. Us-
ing the transmutation of the actinides and some
long-lived fission products, the radiotoxicity of the
high-level waste and, possibly, the safety require-
ments for its geologic disposal, can be reduced. Stu-
dies of different authors [1 - 3] show that the con-
struction of accelerator-driven sub-critical systems
(ADS) is a very promising field in nuclear power
engineering. Such systems provide a possibility to
improve the safety level and to develop effective
methods of transmutation of long-lived radioactive
waste. Active projects for ADS exist in USA, Japan,
France, Spain, Belgium, Italy, Russia and Belarus.
The research in these countries mainly comprises the
basic studies of the different aspects of ADS, al-
though some of these projects are directed towards a
pre-engineering design phase within the next few
years. An operating research assembly has been cre-
ated in Belarus (Yalina).

We consider some aspects of optimization of ac-
celerator-driven sub-critical systems and problems
on choice of an external neutron source for such sys-
tems for this year.

Optimal geometric and material characteristics of
two-zone sub-critical heterogeneous accelerator-
driven system are found from neutronic model anal-
ysis and calculations. The two-zone model of sub-
critical system was proposed (see Figure).

Our assembly was designed as a two-zone multi-
plying sub-critical system with fast (inner zone) and
thermal (outer zone) neutron spectra, which are also
necessary for effective transmutation of nuclear
wastes. These two zones were arranged in such a
way that the effective multiplication factor in the
assembly is equal to 0.97, i.e. the assembly is
slightly sub-critical. The multiplication fission reac-
tion in the assembly is supported by the external
neutron source which is a neutron generator. This
neutron generator creates the flow of deuterons di-
rected to the titanium target saturated by tritium
which is located at the centre of sub-critical assem-
bly. The D-T reaction is originated in the target:
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‘H+°H — "He +n (1)

As a result we have a neutron flow with mean
energy about 14 MeV. In the evacuated tube the
flow of deuterons is moved from top to bottom to-
ward the target. The target is a thin plate made of
titanium saturated by tritium. The reaction (1) is ori-
ginated inside this zone and neutrons are created.
The fast zone is located in the stainless steel con-
tainer. The fats zone is the fast assembly collected
from the shortened pins of energy reactor
VVER-1000. This zone is cooled by a helium heat
carrier. The thermal zone is collected from the short-
ened pins of energy reactor VVER-1000, which are
cooled by a water heat carrier.

Evacuated tube

Stainless steel
mmmner-\_\

Beryllium
__reflector

Lithium¢

“Thermnal zone

Fast zone

The two-zone model of sub-critical reactor with lithium
blocks for the technique of tritium recovery.

Effective technique of tritium recovery in the
subcritical reactor core (lithium blocks) is proposed
for the external neutron source requirements.

1. C. Rubia et al., Conceptual Design of a Fast Neutron
Operated High Energy Amplifier, CERN/AT/95-
44(ET), 1995.

2. C.D.Bowman, Ann. Rev. Nucl. Part. Sci. 48, 505
(1998).

3. S. Shiroya, H. Unesaki, Y. Kawase et al. Basic Study
on Nuclear Characteristics of Accelerator Driven Sub-
critical Reactor as Future Neutron Source, Research
Reactor University. 2001.
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PACHPEJIEJIEHUE BPEMEHHU KWU3HU HEWTPOHOB B SIJIEPHOM PEAKTOPE

B. B. Psi3anoB

Hucmumym soepuvix uccneoosanuti HAH Yxpaunwt, Kues

B Teopun siaepHBIX peakTOpOB Ba)KHOW XapakTe-
PUCTUKON UX MOBEJEHUS CIY>KUT MEPHOJ] peakTopa.
B cymecTByrommx noaxonax 3Ta BeIHMYUHA ONUCHI-
BaeTCs AETEPMUHHMPOBAHHBIM 00pa3oM, XOTS INpH-
pona ee cimydaiiHa. B Hacrosmieit paboTe croxacTu-
4eCKUM 00pa3oM paccMOTpeHa BeIMUMHa, OJIM3Kas K
HEpUOJy peaKkTopa — BpeMs JKM3HU HEUTPOHOB B
peaktope. Mcmomp3yerca TepMOIWHAMHKA, COJEp-
JKalas BpeMs JKU3HU CHUCTEMBI, KaK TEpMOJIUHAMHU-
yeckuid napamertp [1, 2]. Takol moaxoa NpUMEHSICS
K ONKCAHMIO YHEPreTHYECKOI'0 CIIEKTPa HEUTPOHOB B
peakTope M MOKa3aJl COOTBETCTBHE C 3KCIIEPUMEH-
TaJBbHO HAONIOMaeMbIMU pe3yibratamu [3]. B pabo-
Tax [4 - 6] mepuox peakTopa ONMpeaesIeTCss U3 KUHe-
TUYECKHX YpaBHEHMH KaK TUHAMHUYECKas BEIUYUHA.

B nacrosieii pabote uccneayercsi Bpems >KU3HH
HEHTPOHOB B peakTope NpH IIOMOIIN HEPaBHOBECHO-
IO CTAI[MIOHAPHOTO pAacIpeesIeHus] MOJYyYeHHOTO B
pabotax [1, 2]. Ecnu ans yueTta TOTbKO MTHOBEHHBIX
HEHTPOHOB cpeHee BpeMsl KU3HH COBIAJAET C Iie-
PHOJIOM peakTopa, TO MPH ydeTe 3ama3bIBaONINX
HEUTPOHOB 3TH BEIUYMHBI pas3inyHbl. Haxomurcs
pacnpenenceHue sl BPEMEHU KH3HM HEMTPOHOB B
peakTope. M3 HEro Mo>KHO MOJYYUTH CPEIHHE 3HA-
YeHHUs] BPEMEHM >XU3HU, MOMEHTHI MPOU3BOJIHHOIO
MOpsAJKa, HampuMep OHUCIEPCHI0, M BEPOATHOCTH
TOTO, YTO BPEeMs JKU3HH JIEKHUT B HEKOTOPBIX 3aaH-
HBIX npenenax. [lepwox peakropa — muHAMHYECKas
BEIMYNHA, a CPEAHEE BpPEMsI JKU3HU - CTOXACTHUYE-
CKasi, MOJyYeHHAas] U3 CTALMOHAPHOIO paclpeznese-
HUSl BpEMEHH IEPBOT0 NOCTIKeHHs ypoBHs. [lose-
JIEHUE CPEHEr0 BPEMEHH XKU3HU HEMTPOHOB yKa3bl-
BaeT Ha TOYKH MOTEPH YCTOMYUBOCTH CHUCTEMBI. Pe-
aNbHbIE BpPEMEHAa JXH3HH HEHTPOHOB OTpPAHUYEHBHI.
IToaTOMy BEpxHMH Ipelenl UHTETPUPOBAHMS B BbI-
PaKEHMAX AJIS CTATUCTUYECKOH CyMMBI 1 MOMEHTOB
HaJo BBIOMpaTh HE OCCKOHEYHBIM, a PaBHBIM MakK-
CUMaJIbHO BO3MOXXHOMY BPEMEHH JKHW3HH HEUTpO-
HOB.

Ha pucynke noka3zaHo NoBeJI€HHE CPEIHETO Bpe-
MEHHU >KU3HM HEUTPOHOB B PEAKTOpPE M AMCIIEPCHU
BpPEMEHH >KU3HU HEHTPOHOB B 3aBUCHMOCTH OT 3(-
(exTuBHOTO KO3(PUIMEHTa PAa3MHOKEHHUS HEUTPO-
HOB B OKPECTHOCTH OCOOOH TOYKH — E€JUHHYHOTO
3HA4YEHUS KOAPPHUINEHTA pa3MHOXKECHHUSI HEUHTPOHOB.

Kpome pe3ynpTaToB, NmOKa3aHHBIX Ha PHUCYHKE,
[OJY4YEeHbl W [PyITue XapaKTepUCTUKU IIOBEHEHUS
BPEMEHHM JKU3HU HEHTPOHOB B SIEPHOM PEAKTOpPE U
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CBSI3b 3TOM BEIMYMHBI C TOYKAMH IIOTEPU yCTOWUU-
BOCTH HEHTPOHHOI CHCTEMBI PEAKTOPA.

107 |
8.951x10'2,

G3(k)5-10"2 —
001, |
8.995 1
0.995 K 1.005
18
5%10
41018 —
D3(k)
08 —
0 |
8.995 1
0.995 K 1.005
HOBGILGHI/IG CPCHHCFO 3HAUYCHUA BpeMeHI/I JKU3HHU

<I'> = G3(k) u nucnepcun Bpemenn xu3uu Dr=D3(k) B
3aBHCHUMOCTH OT 3P QPEKTHBHOTO K03(ddurmenra pasmMuo-
JKCHUS] HEUTpOHOB k juisl ciywast ydyera OJHOM TpYIIIbI
3ama3/bIBAIOIINX HEHTPOHOB W KOHEYHBIX 3HAYCHHI
BEPXHETO Ipe/ieiia HHTETPUPOBAHUSL.

1. V.V.Ryazanov and S.G. Shpyrko, Condensed Matter
Physics. 9, No. 1(45), 71 (2006).

2. V.V.Ryazanov, Eur. Phys. J. B, 72, No. 4, 629
(2009).

3. B.B. PszanoB, Atomuas sueprus. 99, Bem. 5, 348
(2005).

4. II. lpaiidens, Dusuxa peaxmopos, Tep. C aHIIL
(Atomuznar, M., 1977), 280 c.

5. @.Kan, Qusuxa u mexnuxka s0epublX Peaxmopos,
nep. ¢ HeM. (M3m-Bo mHOCTp. jmT-pel, M., 1960),
515c.

6. T'.I'. bapTonomeii, I'.A. barts, B./J. baiibakos,
M.C. AntyxoB, Ocrogbl meopuu u mMemoovl paciema
S0EpPHbIX  OHEPeemU4ecKux peakmopos, TOH pPel.
I'.A. batst (Quepromsaar, M., 1982), 512 c.
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PACHPEJIEJIEHUE BPEMEHHU KW3HU HEUTPOHOB B SIJIEPHOM PEAKTOPE.
YYET IJMHAMUKHU U UCTOPUU CUCTEMbI

B. B. PsizanoB

Hucmumym soepruix uccreoosanuii HAH Yxpaunol, Kueg

Ilepuong peaxkTopa omnpeaenseTcss IUHAMHUKON
cUCcTeMbl. BpeMs ®U3HI HEUTPOHOB B PEaKTOpPE CBS-
3aHO C MEpPHOAOM peakTopa. Pacmpenenenue Benm-
YUHBI BPEMEHHU KU3HH HEUTPOHOB B PEAKTOPE OIH-
CBIBAaeTCS TakuM O0Opa3oM, YTO B PacCMOTpEHHE
BKJIIOYAETCS JUHAMHKA CHCTEMBI Ha MPOTSKEHUU
BCEU €€ UCTOPUH.

Kak B paborte [l], BBOAMTCA KyCOYHO-Hempe-
PBIBHOE OIHCAaHUE BEPOSTHOCTEH B 3aBUCHMOCTH OT
vHTEepBasia BpeMeHH. [Ipyu TakoM mojaxojae yquThIBa-
eTcd HCTOpUS CUCTEMBI, Ka)X/10€ H3MEHEHHE peak-
TUBHOCTH, COOTBETCTBYIOIIEE KaKUM-TO JHHAMHYEC-
KHMM IIpoIieccaM B CHCTEME, BHOCHUT BKJIQJl B XapakKTe-
pUCTUKHN cucTeMbl. KaXIplii MOMEHT CyIeCTBOBaHHUS
CHCTEMBl BHOCHT BKJIJI B TIOJyYCHHBIC BBIPAKCHUSI.
[Iponenan mepexom OT TUCKPETHOTO K HENPEPHIBHO-
My OIMCaHUIO. PaccMOTpeHbI 3aBUCIMOCTH CPETHETO
BpEMEHHU JKU3HU W JUCIEPCHHA BPEMEHH XH3HUA OT
BEpXHETO Tpezesia WHTETPUPOBAHUSA U OT 3HAYCHUH
peakTHBHOCTH. Iloiy4eHbl Takke BBIpRKEHHUS Ui
BEPOSTHOCTEH BPEMEHHU JKU3HM HaXOIUTHCA B HEKO-
TOpPBIX 3aJlaHHBIX TIpeAenax. B KadecTBe mprmMepa
paccMOTpeHa KMHETHKA peaKkTopa B SHEPreTUYECKUX
pexuMax pabOTBI, TPOLECC CaMOPEryJIUPOBAHMS,
Omaromapsi OOpaTHBIM CBSI3SIM, ITOBEACHUE TEPEXO/I-
HOTO TIpoIlecca TMPH TOJIOKUTETHFHOM BO3MYILIEHUN
1o peaktuBHOCTHU [2]. [IpoBeneHBI OIICHKU BEPXHETO
mpeziesia UHTeTpupoBaHus R, MakCHMambHO BO3MOXK-
HOTO BPEMEHH >KU3HU HEWTPOHOB I AAHHOTO IpO-
necca. IlomydeHsl 3aBUCHMMOCTH CPEJHETO BPEMEHU
KHU3HH OT TETUIOEMKOCTH PEaKTopa U BpeMEHH TPaHC-
MOPTHOTO 3ama3asiBanus. [IpuMep Takoro poaa 3aBu-
CHUMOCTH TIOKa3aH Ha PUCYHKE.

[TomydeHsr Takke 3aBUCUMOCTH CPEIHETO W JIHC-
MePCUU BPEMEHHU >KU3HH HEHTPOHOB OT MaKCHMallb-
HO BO3MOXXHOT'O BpEMEHH >KH3HH. AHAJIOIMYHBIM
00pa3oM MOXXHO PacCUYHMTaTh BPEMEHA XU3HU HEW-
TPOHOB TIPU TIPOIECCax W3MEHEHUS PEaKTHBHOCTH,
MPOUCXOASIIUX MPU U3MEHEHUM COCTaBa aKTUBHOU
30HBI, BBHITOPAaHWU W OIJIAKOBAHWU SIIEPHOTO TOII-
JIUBa, TIPH OTPABIEHUH PEAKTOpa, KCEHOHOBBIX KO-
neGaHusAX, TIPU YIPaBICHUH PEaKTOPOM, BBITOpAO-
LIUX MOTJIOTUTENSAX, N3MEHEHUH 3amaca peakTUBHO-
CTH W IPYTHX SIBICHUSAX W MPOIECCaX, COIMyTCTBYIO-
mmx paboTre peakTopa.
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Tm(m, 1255.5) 2.07 |- =

| |
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m

3aBUCHMOCTh CpEIHEro 3HAa4eHHs] BPEMEHM JKU3HH HeE-
TpoHOB B peaktope <[> = Tm(m, 1255,5), R = 1255,5, ot
3HAYCHHUS TOYKM M B DHEPIETHYECKOM DPEXUME PabOTHI
peakTopa, NpH BHEIIHEM BO3MYIICHHH PEaKTUBHOCTH
Pros = 2 ° 107, ITepexon OT UHTETPATBHON TEIIOEMKOCTH
C,= 11400 K[Ix/°C x C, = 224800 K[x/°C u Bpemen
TPAHCIIOPTHOTO 3amasfgelBaHus trz3=5c¢ K trz =30;
R =1255,5. Ilepexony comocTaBisieTcsi U3MEHEHHUE BEJIH-
guHbl m (puc. 3. 16-3.18 [2]) ot 25 no 37; m — Touka me-
pexoZia oT nmapaboJMYEeCKOro peHMa M3MEHEHHUsS peak-
TUBHOCTHU BO BPEMEHH K CTEIICHHOMY.

2.06

[Tepuonsl peakTopa — AMHAMUYECKUE BEIIUYUHBI,
MOJYYEHHbIE U3 KUHETUUECKUX YPAaBHEHUMN IJI YHUC-
Ja HEUTpOoHOB B peakrope. CpenHee BpeMsl KU3HU
HEUTPOHOB B PEAKTOpE — CTATUCTHUYECKas CTaluo-
HapHasi BenuuuHa. [lpemnmaraemslii moaxojn naeT
BO3MOXHOCTh BKJIIOYaTh B OMHCAHHE HUCTOPHUIO CHUC-
TEMbI W JUHAMHYCCKHUEC HN3MCHCHUA BO BPCMCHH.
Buanmo, BO3MOXXHBI CUTyallMd, KOT/1a BpEMS KU3HU
KOJUIEKTUBA HEHUTPOHOB 0oJice TIOJTHO XapaKTEepH3y-
€T TOBEIEHUE CHUCTEMBI, YEM MEPHOIbl PEAKTOPA.
IIpoBepUTh MOIYUYEHHBIE PE3YJIbTAThI JIyYIlEe BCETO,
BUMMO, IIPU MOMOIIM KOMIIBIOTEPHOI'O JKCIEPH-
MEHTa C NPUMEHEHHEM KOMIUIEKCOB MPOrpamm Jist
MOACINPOBAHUA aKTUBHOM 30HBI PCAKTOPOB.

OTMeueHa aHaJIOTUS C TEPMOJUHAMUYECKUM
MOJIXOZIOM, KOTOPBIN JaeT TOYKH (a30BBIX MEPEXO-
JIOB, HEYCTOMYMBOCTH PEAKTOPA.

1. V.V.Ryazanov, Eur. Phys. J. B. 72, No. 4, 629
(2009).

2. A.A. Capkucos u B.H. [lyukoB, Qusuueckue ocHogbi
IKCRILYAmMayuy 10epHblX NapoOnpoOU3Eo00AUUX YCMAHO-
6ok (Jueproatomusaar, M., 1989), 504 c.
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BIIJIMB 3BOPOTHOI'O 3B’A3KY HA HIBUIKICTH XBHUJII
B PEAKTOPI HA XBHWJII AAEPHOI'O I'OPIHHA

0. M. XOTﬂ'l'HueBal, B. M. Hasnoanl, B. M. Xorsiinnes’

1 . . .
Inemumym s0eprux docnioxcenv HAH Vkpainu, Kuis
2 . . . . . . . .
Kuiscoruil nayionanvruil ynieepcumem imeni Tapaca [lesuenxa, Kuis

Ines mpo OesneuHWil IWIBUAKUKA PEaAKTOp, SKUHA
MIpAIfO€ Ha XBUII SAEPHUX TOALNIB, Oyja BHCYHYTa
JI. ®eoktrctoBuM [1] 1 oTpuMana momaIbIIAA PO3-
BUTOK y 0aratbox JOCTiIKCHHSX.

VY monepeanix poborax (Hampukian, [2]) Oymo
MMOKAa3aHo, 10 MBUAKICTh XBWJII SIIEPHOTO TOPIHHSI
(XAT') He € Hamepen 33aHOI0 BEIMUYUHOIO 1 IIO 3a
paxyHOK migOopy KOHLEHTpauii HOTrJIMHa4Ya HEro
MOKHa YIOPaBIATH B INIHPOKUMX MeEXax Ta 3a-
OesmeynTd HEOOXiMHMH pPiBEHb MOTYXHOCTi. Byio
JOBEJICHO, 10 BUIOPSHHSA HyKTiga - Np, He3Ba-
XKaroud Ha foro Mayry e(eKTHBHICTh Y IIBUIKUX pe-
aKTopax, Ma€ 3HAYHWH BIUIMB HA IIBHIKICTH XBHUII.
Mera wiei poGoTH 3’4CyBaTH, K BIUIMBAaE Ha
mBUAKicTh XS 3BOPOTHMIA 3B’ 30K TIO MOTYKHOCTI
peaktopa. 3BOPOTHHH 3B’SI30K BBAXKAETHCSI MUTTE-
BUM 1 KBapaTHYHUM 32 IIOTOKOM:

1dp 09
“9% _p2? (v, -3 1wz o,
v ot ox* ( rTHTIP a)(l)

(1)

ne Y - Koeili€HT PeaKTUBHOCTI Y BiJIOBIIHUX
OIIMHUIIX; () - TIOTIK HEWTPOHiB. JlOCIimKyIOTHCS
BJIACTHBOCTI CTalliOHAPHOI XBWJI, IO PO3MOBCHOJ-
JKYETBCS B cepeoBrii i3 - U. PeakTop BBasKaeThes
HEOOMEKEHUM M0 JOBXKHHI. MOJenb aHami3yeThes
Ha OCHOBI PO3BHHEHOI paHille aHATITHYHOI Teopii
cramionaproi XAI' mamoi mBuakocti [2]. Sk i 3a
BIJICYTHOCTiI 3BOPOTHOTO 3B’s3Ky, TpH 30UTBITICHHI
epeKTHBHOI KOHLIEHTpalii NOrJuHaYa p MIBUAKICTH
xBui W (a oTke, 1 MOTYXKHICTh peakTopa) Caaae
niniitHo W =(p,— p)/b, noku He MOYMHAE MPOSIB-

JISITHCS BIUIMB po3naxy - Pu [2]. TokasaHo, mio mo-
pSA 3 IHIIMMH MPOLECaMH, Y TOMY YHCII BUTOPSH-
HSIM P, 3BOPOTHHH 3B’S30K A€ aIUTHBHUAU
BKJIaJl y KyTOBHH KOE(Iili€HT MBUAKICHOI XapakTe-
PHUCTUKH b, TPONOPUIHHUNA KOE(ILiEHTY 3BOPOTHOTO
3p’s13Ky ¥ (puc. 1). Moro Benmunna 3amesxuTh Bix
CKJIaJly peakTopa, BUAY OXOJO/pKyBada Ta iH. Jli-
HiltHICTH BTpavaeThes mpu goxaThux ¥ > 1077 em’c,

KOJIM IMIBUJIKICTh XBHJI YK€ HE MOXKHA BBaXKAaTH Ma-
JI010, 1 Teopis 30ypeHb y JIiHIHHOMY HaOIMKEeHHI 3a
HIBHJIKICTIO HE3aCTOCOBHA.

Ha puc. 2 mpencraBneHo 1Bi HIBHIKICHI Xapak-
TEPUCTUKU: KpuBa [/ moOynoBaHa 0e3 ypaxyBaHH:I
3BOPOTHOTO 3B’s3KY; IUIS KPUBOi 2 KOEPIIIEHT 3BO-

-19 2
poTHOro 3B’s13ky ¥ =-5-10""cm’c.

b

710" ,em’c
Puc. 1. 3anexHicTh KyTOBOTO KOedimieHTa b
BiZ Koe(ilieHTa 3BOPOTHOTO 3B’ S3KY 7.
[Tpu BuOpaHoMy 3Ha4YeHHI ) BIUIMB 3BOPOTHOTO
3B’SI3Ky Ha IMIBHUJKICHY XapaKTEPHCTHKY € MOpiBHS-
HUM i3 BIUTHBOM IIPOMIDKHOTO HyKITiza = Np.
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Puc. 2. Bimie 3BOPOTHOTO 3B’ SI3KY

Ha IBUJKICHY XapaKTEPUCTHUKY.

[Mpu OinbIINX 3HAYEHHAX Y caMe MeXaHi3M 3BOpO-

THOTO 3B’s13Ky Ma€ BUPIIIAIbHUMN BILIUB HA MIBHJIKICTh
xBWIi. BuaHO, 1110 3BOPOTHMIA 3B’S30K MPUBOAUTH 110
3MEHITICHHS IIIBUIKOCTI XBHJII, @ B 00JIaCTi 3aBOPOTY,
3yMOBJIEHOTO po31azoM ' Pu, IBUIKICHA XapaKTepH-
CTHKA 3MIlIYETHCS JIIBOPYY, 001aCTh iCHYBaHHS XBHIII
0 KOHIIEHTpAIIi] MOTJINHAYA 3BYKY€ThCA.

1. JLII. ®eokrtucros, Jokn. Axax. nayk CCCP. 309, 864
(1989).

2. V.M. Khotyayintsev, V.M. Pavlovych, O.M. Khotyay-
intseva, in PHYSOR 2010, CD.

80 IHCTUTYT AJAEPHUX JOCJIKEHb HAH YKPAIHU



AHoTauii pobiT 3 paaiauilHOl i3uKU Ta paAiauiiHOro maTepianosHaecTBa

EVOLUTION OF THE STRUCTURES OF THE EXCITON CONDENSED PHASES
IN SEMICONDUCTOR QUANTUM WELLS AT CHANGING THE PUMPING

A. A. Chernyuk', V.I. Sugakov', V.V. Tomylko’

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
? Taras Shevchenko National University, Kyiv

Last years many significant achievements have
been made in experimental study of excitons in dou-
ble quantum wells, in which the exciton lifetime is
very long [1]. To increase the exciton density, the
systems with a potential trap, in which excitons are
accumulated, are often build [2].

In the present paper, double quantum wells are
studied in semiconductor, which is located between
two electrodes, one of which has the form of a disk.
The shape of the potential of this electrode is close
to the harmonic one. A similar system with the ex-
ternal harmonic potential was realized in the ex-
periment [3]. We investigated the exciton density
distribution in the quantum well plane depending on
the laser irradiation intensity with Gauss profile. The

density was calculated using the method of the pa-
pers [4], in which the given system was described by
the Landau model, generalized for the case of the
finite exciton lifetime and the presence of external
pumping. The calculations showed the following
results. Formation of the condensed phase islands
occurs, when the pumping exceeds a threshold value
(see Figure, a). With enlarging the pumping, some
islands merge into a solid ring. At further increasing
the intensity of the excitation, the system is the con-
densed phase with the inclusions of the islands of the
exciton gaseous phase (see Figure, b). Finally, at
large intensities, the exciton condensed phase ap-
pears only.

Structure of the exciton phases with increasing the pumping intensity.

The created structures are the consequence of the
non-equilibrium of the system and they are a sample
of self-organization phenomena in non-equilibrium
conditions.

Study of such systems can be important for mak-
ing a microscopic theory of the exciton condensed
phase and for optoelectronics device development.
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CHARGE-CARRIER HOPPING MOBILITY IN DISORDERED ORGANIC SOLIDS:
CARRIER-CONCENTRATION AND ELECTRIC-FIELD EFFECTS

I. I. Fishchuk', A.K.Kadashchuk? V. N. Poroshin®, H. Bissler’

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
? Institute of Physics, National Academy of Sciences of Ukraine, Kyiv
3 Chemistry Department, Philipps-Universitit Marburg, Marburg, Germany

The effective-medium approach (EMA) analyti-
cal theory is advanced to describe charge hopping
transport at arbitrary charge-carrier concentration
and electrical field in disordered organic semicon-
ductors [1]. The transport energy (TE) concept is
used [2].

The effective hopping drift mobility g, can be
obtain by the expression

ﬂe:a;a (1)

where @ = N™"?(N is the concentration of the local-
ized states); W, =<le> and W/ =<VI/21> are the
effective jump rates in directions along and against

of the electric field E. The angular brackets denote
energetic configuration averaging with Gaussian

disorder distribution g(€&) of width o. We use the
Miller - Abrahams (MA) model, where

a
W, =v,exp (—Zj X

— | /—  —\T- 2
xexp[_‘gf_gih(gf_gf)} @

2k,T

Here v, is a frequency factor, b is the localization
radius of state and &, - ¢, = ¢, —¢, —e(rj —r,.)E.

The carrier-concentration n has the form
n=[deg(e)f(e.,), 3)

where f(&,¢€,) is the Fermi - Dirac distribution, &,

is the Fermi level.
Figure (solids curves) shows the calculated elec-

tric  field  dependences  of  log(,/u,)
(4, =ea’v,/c) for small ratio n/N =10~ (a) and
large ratio n/N =0,05 (b).

Our results are in good agreement with numerical

data from [3] (symbols) at both small and large
charge-carrier concentrations.
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Field dependences of mobility at various temperatures for
small n/N=10" (a) and large carrier-concentration

n/N =0.05 (b) (solids curves). Symbols are numerical
results from [3].

This study in the framework of the EMA and TE
approaches and the MA model confirms that a
strong dependence of carrier mobility upon increas-
ing carrier density and electrical field, which has
conventionally been observed in experiment for
numerous organic semiconducting materials imply-
ing that the energetic disorder plays a dominant role.

1. LI Fishchuk, A. Kadashchuk, V.N. Poroshin, and
H. Bissler, Philos. Mag. 90, 1229 (2010).

2. S.D. Baranovskii, H. Cordes, F. Hensel, and G. Leis-
ing, Phys. Rev. B 62, 7934 (2000).

3. W.F. Pasveer, J. Cottaar, C. Tanase et al., Phys. Rev.
Lett. 94, 206601 (2005).
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PROTON FIELDS DIAGNOSTICS WITH SILICON P-I-N STRUCTURES

I. E. Anokhin, O. S. Zinets

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

Introduction. Now many particle accelerators
are used for medical purposes particularly for proton
radiation therapy [1]. Detectors of various types are
needed to control absorbed doses delivered to a pa-
tient under irradiation and to study spatial distribu-
tions of doses. Solid state dosimeters, particularly
silicon p-i-n structures, have advantages of small
sizes, simple planar technology, real time readout
etc., in comparison with usually used ionization
chambers.

In the present work the p-i-n diode response in
proton field in a water phantom has been investi-
gated theoretically aiming future use for measure-
ment of proton absorbed doses and spatial distribu-
tion of proton doses in tissue.

As convenient proton sensor can be used a silicon
p-i-n diode, particularly, planar structures studied
previously [2] for neutron-gamma radiation fields.

Response of the silicon p-i-n diode. In the case
when the size of the thickness of sensitive volume is
less than particle ranges (w << R(E,(x), the
dE-mode) the response of a reverse biased diode
placed at the position x along a proton beam can be
written as follows

I.=C.D )

T p?

where Dp is the proton dose rate; C,, is the sensi-

tivity of a diode to proton irradiation.

For example, in the case R,>>w (R, is the proton
range, w = 300 um is the thickness of the diode de-
pletion region) one can obtain

C,=epwS/E, =197-107A-s/Gy, )

where E,, = 3.55 eV is energy of the electron-hole
pair creation; p = 2.33 g/cm’ is the silicon density;
S =10 cm’ is the detector area.

Spatial distribution of the proton dose. Figure
shows the relative absorbed dose for 50 MeV protons
in the silicon p-i-n diode (the thickness 300 pm)
placed at the depth of 18 and 20 mm in a water phan-
tom obtained by the SRIM simulation program [3].

Absorbed doses in tissue can be calculated from
the dose measured by the silicon p-i-n detector
placed in water phantom using the formula

tissue _ det ector
D™ (x) = k(x)D,™ " (x) 3)

where Dset“"” is the measured dose, k(x) is the ratio

of the stopping power in water and silicon.
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The coefficient k(x) calculated from Bethe-Bloch
formula, obtained from simulation by SRIM and
TRIM programs is the 0.475, 0.54 and 0.59 respec-
tively in the range up to 21 mm for 50 MeV protons.

IONIZATION

IONS RECOILS

Energy Loss (eV/Angstrom)

- Target Depth -

IONIZATION
RECOLLS

IONS

-

14 mm - Target Depth - 24 mm

Energy Less {eV/Angstrom)

The energy losses distribution for 50 MeV protons in the
silicon p-i-n diode inside a water phantom at the depth of
18 mm and 21 mm (the diode thickness is 300 pm).

The small size of planar silicon structures allows
obtaining a good spatial resolution. Along a proton
beam the resolution is about the thickness of the
sensitive volume of the structure. For the fabricated
structures [4] the longitudinal resolution is about
300 um and the lateral resolution is about 3 mm.

Obtained results can be used for studying the spa-
tial distribution of absorbed proton doses in experi-
ments on proton beams for radiation therapy [5].

1. A.Rosenfeld et al., Med. Phys. 34(9), 3449 (2007).

2. LE. Anokhin, O.S Zinets, A. Rosenfeld et al., Nucl.
Phys. At. Energy. 1(19), 103 (2007).

3. http://www.srim.org/.

4. 1.E. Anokhin, O.S Zinets, A. Rosenfeld et al., IEEE
Tran. on Nucl. Sc. NS-56(4), 2290 (2009).

5. A.Ziebell et al., in Solid State Dosimetry Conference
SDS-16, 2010, p. 106.
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HABJMKEHHA JJIA T'ITAHTCBKOI'O BUXOPA
B ME3OCKOIIIYHUX HAAIIPOBIIHUKAX

O. M. llleBnoBa

Incmumym si0eprux docnioncenv HAH Yrpainu, Kuig

MesockomiuHi sBHIIA € 3apa3 AyXe MOIyJspu-
HUMU HE TUTBKH B OOJIACTi HAIIMPOBITHOCTI, alle i B
0arathOX IHIIKMX 00JIACTSIX, OCKIIBKH BOHHU JIEMOH-
CTPYIOTh OCOOJIMBOCTI TEPEXOIy BiJl MIKPOCKOIIiY-
HUX 3aKOHOMIPHOCTEH 10 MAKPOCKOMIYHHUX.

Me3ocKoImiuHI HAAPOBITHUKH, PO3MIPH SKUX TI0
MOPS/IKY BEJIMUYMHN 30iraroThesi 3 JOBXKHHOKO KOTe-
PEHTHOCTI 200 TTTMOMHOIO TPOHUKHEHHSI MarHiTHOTO
IOJIsL B HAJIIPOBITHUK, € PE3yJIbTaTOM OYPXJIHBOTO
PO3BUTKY HAHOTEXHOJIOTIH, SIKi CTUMYIIOIOTH €KCIIe-
PUMEHTaIbHI Ta TCOPETUYHI IOCTIKEHHS (yHIa-
MEHTaJIbHUX BJIACTMBOCTEH ME30CKOMIUYHMX HAATIPO-
BimHMKiB. Came 3aBISKH CBOIM €IICKTPOHHUM Ta
MarHiTHUM BJIACTUBOCTSIM ME30CKOMIYHI HAAIPOBII-
HUKH BUTJSAIOTH JOCTaTHHO —MEPCHEKTHBHUMHU
MpeTeHJeHTaMH Uil BUPILICHHS NpoOJieMH MiHia-
TIOPHU3AIlil eIEKTPOHHUX CXEM.

JocmimKeHHsT ToKa3ajiM, [0 MarHiTHI BIACTHBO-
CTi ME30CKOMIYHUX HAJINPOBIIHUKIB CYTTEBO BiIpi3-
HSIOTBCS BiJI BIACTUBOCTEW KIACHYHHX 00 €MHHX
HaAnpoBiAHUKIB [1 - 3], 1 OJHUM i3 OCHOBHHX Tapa-
METpIB € TeOMETPUYHI PO3MIpH, SIKi BHU3HAYAIOTH
THUTIH BUXPOBHUX CTPYKTYP, IO MOXYTh OyTH peai-
30BaHI B ME30CKOINYHUX HAIIMPOBiMHHKaX. Excrre-
PUMEHTH MiATBEPIWIH, IO ICHYE IBA THUIH BUXPO-
BUX CTPYKTYp, AKI MOXYyTb OyTH pealli3oBaHi B Me-
30CKOMIYHUX HAJMPOBITHUKAX: a) 0araToBHXpPOBI
CTPYKTYPH 3 MIPOCTOPOBO PO3MIIIEHUM OJHOKBAHTO-
BUMH BHUXPOBUMH CTaHamMH Ta 0) axciaJbHO-
CUMETPHUYHI TIraHTChKi BUXPOBI CTaHM.

Jl1s omuCy TIraHTCHKUX BUXPOBHX CTaHIB y cde-
PUYHOMY ME30CKOIYHOMY HaJIpOBITHUKY Oyia
po3pobineHa Teopis, AKa IPYHTYEThCA Ha TPEJCTaB-
JICHHI TIapaMeTpa TOPSIKY Y BHTJISLAI PO3KIATy II0
chepuunux dynkuisx 4, [4], ne inpeke j onmecye

HOMEp PaliaIbHOTO CTaHy, IHACKC 7 — YUCIIO CTaHIB
riraHTCHKOro BUXOpa, a / =0+ m . 3anponoHoBaHuit
METOJI JI03BOJISIE OTPUMATH NPABUIBHHUIA PO3B’SI30K
JUIS TIFAaHTCHKOTO BUXOpa Ta JOCIIJUTH HOro €BO-
JIOIIO 3QJIEKHO BiJ THITy TPaHMYHUX YMOB, IIIO
BIIMOBIIalOTh PI3HUM THINIAM MaTepiaiiB, sIKi OTO-
YYIOTh HAAMPOBIHE BKIFOUCHHS.

IIponiemypa MiHiMizalii BiabHOT eHeprii ['iH30yp-
ra - Jlaumay mo BiJHOIIEHHIO 10 KOe(]ili€HTiB A_,-/m
MPUBOAMTH JI0 HECKIHYEHOI CHUCTEMHU HETIHIMHHUX
piBHAHB. [ pO3B’sI3aHHS Takoi CUCTEMH HEOOXil-

HO 3MEHIUNTH 4YUCI0 KOeiuieHTiB 4, 1, BiAMOBiA-

HO, 4Hcio piBHSHb. Ha mpukiani riraHTChKOro BU-
XOpa, KUl BUHUKAE B HAANPOBiAHUKY R =2&, Ta
XapaKTePU3YETbCA JBOMA MOXJIMBUMHU BUXPOBUMHU
cranamu 3 m=0(H<H;,) ta m=1(H>H,),

BUIHO (PHCYHOK, 0), IO JOCTaTHbO OOMEXHUTHUCH

Hadopom: 4, , 4;,,,, (PHCYHOK, a). OGunCIeHHS 3

jlm >
BpaxyBaHHS 30yKEHUX BUXPOBUX CTAaHIB TTOKA3aJIH,
10 Koe(illieHTH, SKi ONMUCYIOTh TEePIIUi 30y HKEHHUI

crad (j=2), € MAIAMH 1 TXHIA BIUIMB HAa OTpUMa-

HUW PO3B’SI30K € HECYTTEBUM (Ha PUCYHKY iX HEMO-
KITUBO PO3PI3HUTH).

AJe y BHIIQJKy BEIMKHX HaJIIpPOBIIHUX BKIIIO-
YeHb, Y SKUX MOXYTh pealli3yBaTUCh TiraHTChKi
BUXOPH 3 BEIUKUM YHCIIOM KBAHTIB MOTOKY, CHUTYya-
i MOXE 3MIHIOBATUCH, TOMY YHCIIOBI PO3paxyHKH
OyIyTh 3HAYHO CKJIAHIIINMHU.

s !

izl T 3
o 1 2

Koeodiuientn 4,

(a) Ta BinbHa enepris F (6) 3anexHO
BiJl IPHUKJIAJIECHOTO MarHiTHOTO 1oJyis H 11 TiraHTChKOTO
BHUXOpPa, PO3MIIIEHOT0 y c(hepHIHOMY HAANPOBITHHUKY 3

paniycom R =2¢ .

1. A.K. Geim, LV. Grigorieva, S.V. Dubonos et al., Na-
ture (London), 390, 259 (1997).

2. A. Schweigert, F.M. Peeters, and P. S.Deo, Phys. Rev.
Lett., 81, 2783 (1998).

3. A.Kanda, B.J. Baelus, F.M. Peeters et al., Phys. Rev.
Lett. 93, 257002 (2004).

4. O.N. Shevtsova, Supercond. Sci. Technol., 21, 065010
(2008).
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JETPAJIAIIIA KBAHTOBUX TOUYOK TA 3MIHA iXHIX EHEPTETUYHHX CIIEKTPIB
Y HAIIBIPOBIJHUKAX I JI€I0O OITPOMIHEHHSA

I'. B. Bepuimaxa, B. B. Muxaiinoschkuii, B. M. Cyrakos

Incmumym si0eprux docnioxcenv HAH Yipainu, Kuig

[lepcnekTHBH LIMPOKOTO 3aCTOCYBAaHHSA HaIliB-
MPOBITHUKOBUX CTPYKTYP 3 KBAaHTOBUMHU TOUYKAMH
BAMAraroTh IPOBEJCHHS JIOCTI/PKEHb BILITUBY Ha
CHCTEMH DPI3HOMaHITHUX 30BHIIIHIX (haKTOpiB, 30-
KpeMa SiIepHOro omnpoMiHeHHs. baxkano nociinuTu
BIUIMB OTPOMIHCHHS Ha €(PEeKTH, UyTJIMBI 0 3MiHU
CTPYKTYpH Ta PO3MOMALIY €JIEMEHTIB B KPHUCTAJI.
[IpukmagoM Takoi CHCTEMU € HANiBMAarHiTHI HaIliB-
MIPOBITHUKH, B KX ICHY€E €EeKT TiraHTChKOTO Mar-
HITHOTO PO3IICIUICHHS MAarHiTHHX pIBHIB, 1 Iepe-
PO3MOIT 10HIB MapraHIkO IiJ JIEI0 ONPOMIHCHHS
NPU3BOJUTH IO CYTTEBOTO 301IBIICHHS PO3IICIUICH-
HS €JICKTPOHHUX PiBHIB B MarHiITHOMY TIOJII.

Y po0oTi pPO3MIANAETECS BIUIMB 30BHIIIHBOTO
OTIPOMIHEHHSI HA €HEPreTHYHI CHEKTPU EJIEKTPOHIB,
JPOK Ta €KCUTOHIB Y KBAaHTOBHMX TOYKAX HaIliBMar-
HITHUX HamiBIpoBigHMKax. KOHKpeTHI po3paxyHKH
OpOBENeHI Uil KBAaHTOBUX TOYOK Y CHCTEMI
Cd; xMn,Te/CdTe. KsantoBa TOuYKa (HOpPMYETHCS
BHACIIIOK HEOMHOPIMHOTO PO3MOITY MapraHIlfo:
yCepearHi KBaHTOBOI TOYKH MapraHelb BiJICYTHIH
ab0 HOro KOHIIEHTpAIlis € MaJIOl0, 330BHI 4acTHHA
aTOMIB KaaMIit0 3aMIIIyIOThCS aTOMaMH MapTaHIIIo.

OCHOBHHMM cepeJl IMpOIECiB y KpUCTalax [Mij
ONIPOMIHEHHSIM, IO MPU3BOMASATH OO MPOCTOPOBOTO
MePepo3NOATy MAarHITHAX 10HIB, € paianiiHo-
npuckopena audysis. ToMmy 3amada mpo pPoO3MOIiI
MAarHiTHHX 1OHIB MPUBOAMTHCS 1O PO3B'SI3aHHS PiB-
HsaHHS nudy3ii, B KoMy KoedimieHnT audysii 3ame-
JKUTh HE JIMIIE BiJl TEMIEPATypH, a W Bill OMPOMi-
HEHHS.

7, HM

0 5 5 0 15
Puc. 1. [Ipodine KBaHTOBOT TOUKH y Pi3HI MOMEHTH 4acy.

Otpumanuii podiss KBAHTOBOI TOUKH TIPH Pi3-
HUX yacax ONpOMiHEHHS HaBeneHO Ha puc. 1. Pe-
3yJIbTaTH BHPaXKEHI depe3 XapaKTepHHH dac ty, Be-
JMYMHA SKOTO 3aJICKUTh BiJl IHTEHCUBHOCTI OMPOMi-
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HEHHS, TEMIIEPaTypH i MOXKE 3MiHIOBATHUCS B IIHPO-
KHX MeXax: BiJl IEKUTbKOX CEKYHJ IIPU IHTEHCHUBHO-
cti ompominensst 10™ 3MileHb Ha aTOM B CEKyHIY
(TMTIOBE OTIPOMIHEHHS €JIEKTPOHAMH) Ta TEMIIEPAaTy-
pi 250 - 300°C, no mecsATKiB Ai0 MpU IHTEHCUBHOCTI
ompominerHst 107 3Mmilens Ha aToM B ceKyHIy (TH-
MOBE PEAKTOPHE OMpPOMiHEHHS) Ta TemmepaTypi 50 -
100 °C.
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Puc. 2. 3anexHicTh eHeprii eKCUTOHHUX CMYT JUIS TOYOK
paniycom R=4 umM, 8 HM Bix yacy onpomineHHs. BimHoc-
Ha KOHIIEHTPALI€I0 10HIB MapraHifo I03a KBaHTOBOIO
TOuK010 Cyp0 = 0.2.

Jnst po3paxyHKIiB eHeprii 3B’s3Ky chepudaHoi
KBAaHTOBOI TOYKHM BUKOPHCTOBYBABCS BapialiiHuUit
METO/I.

[Ipu ompomiHeHHI MarHiTHI i0HH MPOHHUKAIOTH Y
1rap KBaHTOBOI SIMH, 1 3 4acOM 3pOCTa€ PO3IIEIUICH-
HS Gt- Ta G - KOMIIOHEHT €KCHTOHHOTO MEepeXOoy
(puc. 2), OCKIIbKM BCEpEIUHI KBAHTOBOI SIMH JIOMi-
KU €(EKTUBHIIIEC B3aEMOMIIOTH 3 HOCISIMH 3apsiy.
Ilpn mocTaTHRO TPUBAIOMY OIMPOMIHEHHI KOHIICH-
Tpalliss MarHiTHAX 10HIB CTa€ BiIIMIHOIO BiJ HYJSI Y
BCHOMY MIapi KBaHTOBOI SIMH, IPH I[bOMY pO3ILIEI-
JICHHSI CMYT B sSIMaX MOXE MEPEBUIIYBATH PO3IICTI-
JIeHHS B Oap’€pHOMY MAarHiTHOMY IIIapi BHACIIIOK
HENIHIAHOT 3aJIEKHOCTI HAMArHi4eHoCT] Bijl KOHLIEH-
Tpailii MarHiTHUX 10HIB.

Takum 4rHOM, Y pPOOOTI IOKA3aHO, 110 MPUIIIBH/I-
meHHs audy3ii MapraHIio BHACTIIOK ONMPOMIHCHHS
Ta YTBOPEHHS TOYKOBUX AC(EKTIB MPHU3BOIUTH O
pO3MUTTS TpodiIt0 KBaHTOBOT siMH. [IpOHUKHEHHS
MarHiTHUX 10HIB BCEpEIWHY KBAHTOBOI TOUYKH CYT-
TEBO 301JIbIIY€E PO3MICTUICHHS SKCUTOHHUX PIiBHIB y
30BHIIIHLOMY MarHiTHOMY TOJIi.
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MOSSBAUER SPECTROSCOPY OF FERROMAGNETS
IN RADIO-FREQUENCY MAGNETIC FIELD

A. Ya. Dzyublik'!, E. K. Sadykov’, G. Petrov®, V. Yu. Spivak'

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
? Kazan State University, Kazan, Russia

Ferromagnetic nanoparticles and thin films are
widely used as the memory elements in electronics.
Therefore intensive investigations are carried out of
their magnetization dynamics and especially of the
mechanism of their re-magnetization under the in-
fluence of external magnetic fields. The Mdssbauer
spectroscopy provides unique information about
such a dynamics in the vicinity of the Mdssbauer
isotope *'Fe.

A lot of papers were devoted to the Mdssbauer
spectroscopy of soft ferromagnets subject to an ex-
ternal alternating magnetic field. When the crystal is
placed in the radio-frequency (rf) magnetic field
with frequency Q the Mdssbauer spectrum consists
of a set of equidistant lines spaced by €. Such spec-
trum collapses to single line (doublet) at high fre-
quencies. Pfeiffer assumed that such structure of the
spectrum is caused by periodical reversals of the
crystal magnetization in the rf field which in turn
ensure the reversals of the magnetic field at the nu-
cleus between two values hy and -hg,. The corre-
sponding step-wise reversals model has been built
in. A dynamical scattering theory has been deve-
loped for transmission of the Maossbauer rays
through a ferromagnet in the rf field, taking into
account multiple scattering of y-quanta [1].

In [2] we considered the transmission of M{ss-
bauer radiation through a soft ferromagnetic crystal
placed in the rf magnetic field, which gives rise to
periodical reversals of the magnetization of the crystal.

In contrast to familiar absorption spectra of
ferromagnets in the rf field with lines spaced by Q,
our spectra presented in Figure contain only lines,
spaced by 2Q. The reason is that the scattered
y-quanta absorb or emit only even number of pho-
tons of the rf field. Note once more that this is inter-
ference effect of the amplitudes of transitions M, —
M. and -M, — -M, for the scattering to forward di-
rection perpendicularly to the oscillating magnetic
field. It is worth noting also that the intensity of
satellite waves falls down with increasing of the rf
frequency since the nucleus at high frequencies feels

only averaged magnetic field, which becomes zero.
| -
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Energy distribution of transmitted radiation for different rf
frequencies. The experimental data are represented by dots
and calculations by solid live.

1. A.Ya. Dzyublik, V.Yu. Spivak, Ukr. J. Phys. 48, 390
(2002).

2. D.K. CagpikoB, A.S. JI3w00muk, I'.U. Iletpor u op.,
[Mucema B XKITD. 92, Beim 4, 279 (2010).
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BJIMSHUE ITPOTOHHOI'O OBJYYEHMSI
HA CBOUCTBA HUTEBHU/HBIX KPUCTAJLJIOB SI-GE

I1.
A

I'. JIutoBuenko', A. O. JIpysxunnun’, U. I1. Ocrposckuii’, 0. M. XoBepko’,
. 51. Kapnenko', H. T. Masiosckan'”, B. M. Ilmous’, 1O. B. IasioBcknii

1 o
Hucmumym sdepruix uccreoosanuii HAH Yxpaunol, Kueg
2 o « . . .
Hayuonanvnutii ynueepcumem “Jlvgiscorxa nonimexuixa, JIb60o6
7 [Ipozobuiuckuii 2ocydapemeennviii nedazoeuueckuii ynusepcumem um. M. dpanxo, JJpo2o6uru

Ha cerogns cymectByer mocraTouHo padort, mo-
CBSILIEHHBIX BJIHMSHUIO SJIEPHOTO OOIYYECHHUS] Ha MO-
HOKPHUCTAINIMYECKUHA KpEeMHHUI U TBEpABIH pacTBOp
Si-Ge, ogHako Takue UCCIIEAOBaHNS IPOBOAUIIKCE, B
OCHOBHOM, Ha BBICOKOOMHBIX MOHOKpUCTa/uIax. B
OTJIMYME OT HUX JaHHas paboTa HampaBieHa Ha HC-
CJIEIOBAaHME BIIMSHHUS MPOTOHHOTO OOJIy4deHHUs Ha
CBOICTBA JIETHPOBAaHHBIX HUTEBUIHBIX KPUCTAIIOB
(HK) MHKpOHHBIX pa3MEpOB TBEPIBIX PACTBOPOB
Si,.xGey ¢ KOHIEHTpanyel mpuMecH, KOTopasi OTBe-
yaeT 00NacTH Iepexona ‘‘MeTayul - JAUAJIEKTPUK’
(IMD).

HccnenoBano BnIMAHKME MarHUTHOTIO TOJS C HMH-
nykmuei 1o 14 Tn u obiayyenune mporoHamu QIIrO-
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PIOK 0,018 Om em
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a

sucom @ =1 - 10" cm™ (Temmeparypa 06pasLoB mpH
obnyuennn <40 °C) Ha s1extporpoBoaHocts HK
Si;xGex (x = 0,03) ¢ yAenbHBIM CONPOTHUBICHHUEM
p=0,018 OM cM B HHTEpBaJIe TEMIIEPATYP

4,2 +300 K.

Tunuynas TemrepaTypHas 3aBUCHMOCTH COIPO-
TUBJIEHHS 00JIydeHHOro npoTtoHamu (6 M»aB) dutro-
sacom ® =1 - 107 ¢em? HK Si,.xGe,, moka3zaHa Ha
pHUCcyHKe, @. Pe3ynbTaThl 3KCIIEpPUMEHTAIBHBIX HC-
CIIEZIOBAaHMI YKa3bIBAIOT HA TO, YTO TEMIIEpATypHast
3aBUCHUMOCTb COIIPOTHBJICHHS KPHCTAJIOB CYLIECT-
BEHHBIM 00pa30M MEHsETCs TIOCIe O0MyYeHNSI.
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TemmnepaTypHbie 3aBUCHMOCTH CONPOTHUBIICHUS (@) M MOJEBasi 3aBUCUMOCTh MarHETOCONPOTHBICHHS (6) MHKPOKpPH-
cramoB SijGe, (x = 0,03) ¢ yaensHbiM conporuBiieHreM p = 0,018 Om - cm, oOnyueHHbIX npoToHaMu (6 MaB) ¢uro-

srcom @ =1-10"" em®

Pe3ynpraTel mcciieJOBaHUS MarHUTOCONPOTHUB-
nennst HK Si;_,Ge, (x = 0,03) npuBecHBI Ha pUCYH-
ke, 0. JIns oOpasioB ¢ AMANEKTPUIECKONH CTOPOHBI
IIM/ c p= 0,018 OM - cM MarHUTOCONPOTUBIICHUE
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o0mydennbix HK Bo3pacTaeT B CHIIBHBIX MarHUTHBIX
MOJISIX.
OO6cyxmaeTcs MpUpPoIa BEISIBICHHBIX () (PeKTOB.
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OPTICAL AND SENSITIVE PROPERTIES OF NANOSTRUCTURAL SILICON
IRRADIATED WITH HIGH-ENERGY PARTICLIES
(PROTONS, o-PARTICLES, AND HEAVY IONS)

N. Dmytruk,' O. Kondratenko', 2, M. Pinkovska’,

P. Kuchynsky®, L. Vlasukova®

! Institute of Semiconductor Physics, National Academy of Sciences of Ukraine, Kyiv
? Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
? Belarussian State University, Minsk, Belarus

Nowadays a lot of attention is paid to the creation
of a new class of gas sensors with high sensitivity,
small size, low energy consumption and low cost.
Nanoporous silicon due to high surface area to vol-
ume ratio, simple and inexpensive technologies and
suitable integration with silicon microelectronics is
very attractive for such needs. The films of porous
Si for a long time were received by electrochemical
etching, and an alternative method of high particles’
irradiation was proposed.

In our work an attempt has been made to modify
a silicon surface by accelerated charged particles
which form tracks [1]. Silicon with natural thin ox-
ide and especially thermogrown amorphous oxide
were used. Si samples were irradiated by 6.8 MeV
protons and 27.2 MeV alpha particles. SiO,/Si struc-
tures were irradiated by accelerated Ar(290 MeV),
Xe(372 MeV), Bi(710 MeV) ions fallowed by the
chemical etching of latent tracks to reveal
nanopores. Optical characteristics of samples were
studied by the method of multiangular monochro-
matic ellipsometry. The reflection indexes n, absorp-
tion coefficient k and sickness d of near-surface re-
gion were found before and after irradiation. Scan-
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ning electron microscope and atomic force micro-
scope were used to analyze the surface morphology.

To study the gas sensor properties experiment
was carried out in especially created camera in ethyl
alcohol, ammonia and acetone.

The modification of optical parameters of Si
specimens subjected to the protons or alpha particles
was found to be caused by the destruction of near-
surface layer of the material and to be accompanied
by an enhancement of the surface roughness (see
Figure). But despite of the nearly the same free run
length (360 mkm) for both types of particles irradia-
tion modify the surface different ways: protons lead
to the surface loosening; the same helium ions’ flu-
ence provoke surface compression. Complex absorp-
tion index value has become close to amorphous
silicon. We suppose the surface loosening is due to
preferable vacancy clusters, created by protons. For
alpha-particles radiation defects are more compli-
cated and may engage interstitial atoms.

The irradiated samples revealed a higher sensitiv-
ity to the absorption of ammonia and acetone mole-
cules.

200

I-flu

a b c
ACM images of the silicon surface: a — initial sample; b — proton irradiated; ¢ — a- particles.

Optical properties of Si/SiO; structures depend on
the dimensions and the depths of nanopores, created
by etching of the hided tracks in dioxide after irra-
diation. The greatest optical constant changes oc-
curred in structures, irradiated by 299Bj, where tracks
penetrated the whole oxide. Accordingly, bismuth-
irradiated structures have the best gas sensitivity.

Ultrasound treatment influences on the optical
characteristics as well, but these changes are unsta-

ble and optical parameters relax to the initial value
in time. An interesting result have been received for
Si/Si0,, where nanopores, created after etching of
the hided tracks in Xe irradiated structures, were
filled by thin Sn films. In this case pores are nearly
the same by dimension.

1. M.JL Imutpyk, O.C. Konnparenko ma in., YOX, 55,
7 (2010).
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SMIHA CTPYKTYPU MOHOKPUCTAJIYHOI'O KPEMHIIO IIICJIsA OITPOMIHEHHSA
BUCOKOEHEPTETUYHUMMU INIPOTOHAMU TA o-YACTUHKAMMU

B. 1. Bapuina, A. A.I'po3a, IL I'. JIutoBuenko, JI. C. MapueHko,
M. L. Ctapuuk, I'. I'. ImaTko

ITnemumym sdeprux docniosicene HAH Vipainu, Kuis

Ha cnexrpomerpax octanHbOro mokoiiHHsA IFS-
113V ta FTIR Spectrum BXII Perkin Elmer nocuin-
xeHo [Y-criekTpu morjavHaHHS MOHOKPHUCTAJTIB Kpe-
MHII0 ONpoMiHeHHX mpoToHamu 3 E 6,8 MeB
dmoencamu (1; 1,9; 3) - 10" cM ™ Ta 0-gacTHHKaMH
3 E=27,2 MeB ¢moercom 110" cm ™ Ha mukio-
tpori Y-120 Al HAH VYxkpainu. Temmeparypa
3pa3KiB I Yac ONPOMIHEHHS HE IEPEBHUIIyBaja
100 °C. KpemHiii, BupoIeHuii MeTogoM YoXpaibCh-
KOTO, MPOMIIOB TONEPENHI0 BUCOKOTEMIEPATypHY
00pOoOKy Uil pO3YMHEHHS KUCHEBMICHUX POCTOBHX
mikponperumitatis (1250 °C mpotsirom 2 roxn).

BusiBneHo 3anexHicTh BiJ QIIOSHCY OMPOMiHEHHS
[IPOTOHAMH YTBOPEHHS LIEHTPIB, 10 CKJIaay SIKUX BXO-
JINTH BOJICHB, JIOKAJTI30BaHUH Ha PO3ipBaHUX 3B’ sI3KaxX
pamianiiianx aeeKTiB B KpeMHil Ta po3yNnopsiaKy-
BaHHS MOHOKpHCTamiB. Si—H 3B’S3kuM BUHUKAIM TIpU
YTBOPEHHI 00JacTeld pO3yHOpsSAKYBaHHS JTHBaKaH-
CIHOTO THITy B MOHOKpHCTallax KpeMHiro. OcobamBo
3HAYHE PO3YMOPSIKYBaHHA BUSIBISUIOCH B KPEMHil
npu dmoerci onpominernst 1,9 - 10" M2, mpo 1mo
CBIUMJIA TIOSABA OJHO(OHOHHOTO TOTJIMHAHHS, SKE
3a00pOHEHO B TOMEOIOISIPHAX KPUCTANax THITY Kpe-
MHIF0 YMOBaMH CUMETPIi.

VY kpewmHii, ONPOMIHEHOMY MPOTOHAMHU (ITFOCH-
com 3 - 10" ecm %, He criocTepiranocs Hi po3ymopsi-
KyBaHHS KpHCTala, Hi yTBopeHHs Si—H 3B’s13kiB. A B
KpEMHii, OTIPOMIHEHOMY O-9aCTHHKaMH, 32 JaHUMH
CHEKTPIB pO3YMOPSIKYBaHHS KpHUCTalla TaKOX He
BUSIBIEHO. IMOBIpHO, B OCTaHHIX JBOX BHIaJIKax
I0HHOTO ONpPOMIHEHHS TPH TIEBHOMY EHEPrOBHIi-
JIeHHI (Ta TEPEBHINECHHI MEXi PO3YyNOPSIKYBAHHS)
CTBOPWJIMCH YMOBH JJIsl CaMOOprasizamii BJIacHHX
pamiamiiHuX NeeKTiB y KPUCTAII.

IIpoBenero metanorpadidHi HOCTIIHKEHHS CTPY-
KTypd KpPEMHIiI0, OINpPOMIHEHOTO O-4aCTHHKaAMHU.
VYcTaHOBIEHO PO3NOALT Ae(EKTIB y3A0BXK HAIPSMKY
OTPOMIHEHHS: B 00JACTi rambMyBaHHS (-YACTHHOK
CTIOCTEPIraroThcsl HAMOUIBIN HAPYTH TPATKH KpeM-
Hito. HaBkomno miei oOnacti MeToqoM BHOIPKOBOTO
TPaBJICHHS BUSBIICHO SIMKH, SIKi, MOXKJIMBO TIOB’sI3aHi
3 HAKOTIMYCHUM TeIlieEM (PUCYHOK).

VY npoOikHIN JUIsl 0-4aCTUHOK YaCTHUHI KPEMHIIO
CrocTepiraroThcs "CTIHKH IedeKTiB", po3TanroBaHi

MOPIYHUK - 2010

[apajielbHO IUIOIIMHI TaJlbMyBaHHSA O-YaCTHHOK.
"CriHkd" 4iTKiON B IIEHTPI OMPOMIHEHOI YacTHHU
3paska, TOOTO NPOSBIETHCS 3aJEKHICTH IXHBOTO
YTBOPEHHSI BiJl BEJMYWHHU E€HEPrOBHIIICHHS B IIEB-
Hilf 9aCTHHI 3pa3Ka IiJl 9ac OTPOMIHEHHS.

IToTik 0-4aCTHHOK

KapTura BHOipKOBOTO TpaBIICHHS KPEMHIIO,
OTIPOMIHEHOTO 0-9YaCTHHKAMH
(E=272MeB, ®=1-10" cm?).

CTpykTypa KpeMHIl0O B 3amnpoOibKHIA  Jyis
0-4aCTHHOK 1 HEONPOMiHEHIl YaCTHHI KpHcTaja He
BiZIpi3HsUIACS.

KommutekcHi  ocipkeHHsT Jii  BUCOKOCHepre-
TUYHOTO ONPOMIHEHHS JIETKUMH 10HAMH TTOKa3yIoTh,
IO TpPU BEJIMKOMY CHEPrOBUAUJICHHI B TOHKOMY
mapi Kprcraia Iiji 9ac ONpOMiHEHHS MOXYTb CTBO-
pIOBaTHCh YMOBHM JJisl caMOOpraHizamii BJIACHHX
pamianiiHuX AeeKTiB, HACTIIKOM SKHX MOXe OyTH
YTBOpPEHHS B JePEeKTHIH ImiacucTeMi KpUCTalla Hall-
I'PaTKU y BUTISAL "CTIHOK JeeKTiB" pO3TalIOBaHUX
NEPIEHIUKYISIPHO HAMPSIMKY OMPOMiHEHHS.

1. A.A.Tpo3za, II. I'. JIutoBuenko, M. I. Crapunk ma in.,
SnepHa ¢izuka ta enepreruka. 11, Ne 1, 66 (2010).

2. A.A.Tpoza, ILT. JIutoBuenko, M.I. Crapuuk ma iH.,
VYkpaincbkuit pizndnuii xkypHai. 55, Ne 6, 699 (2010).

3. A.A.Tpoza, ILT. JIutoBuenko, M.I. Crapuuk ma in.,
y Tesu Oonosioeu. VII Mixchap. wkona-xong. “Ax-
myanvhi npobremu Qisuku Hanienposionuxis”, /[po-
20buu, 28 eepechs - 1 scosmusn 2010 p., c. 198.
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E®EKTH CAMOOPTAHIBAIIL B MOBEPXHEBHUX IAPAX
OOCPOIIY T'AJIIIO

IL. T'. JIutoBuenko, I. B. Ilerpenko, M. b. IlinkoBcbka, B. II. Tapraunuk

Incmumym si0eprux docnioxcenv HAH Yipainu, Kuig

Kpucraniyni 00’exTH, 1o nepedyBatTh y HepiB-
HOBaXHOMY CTaHi, IPOSIBIIAIOTh TEHACHIIIO 10 3HU-
JKeHHs eHeprii. PemakcariiHuid mporiec, o Ccympo-
BOJIKYE TIEpEXifl Yy CTaH i3 HIKYOIO EHEPri€lo, MOXKe
OyTu OaraToeTamHuM, i KOXEH 3 HHX MOXE OIHCY-
BATHCh SIKICHO IHITMMH XapaKTCPUCTHIHHMH TIapa-
METpaMH.

[MposiBu Takoro edekTy MM CHOCTEpirajiu IMpH
Bimnmam kpuctaniB GaP, onpomiHEeHWX 3HAYHUMU
J03aMHU  3apsA/DKEHUX YaCTUHOK pPI3HOTO THIy Ta
e”eprii. [lornuHanHs eHeprii My4yka MIBHIKUX Yac-
TOK TIiJIBHIIy€ €HEprilo KpUcTana. [1 3HMKEHHS Mo-
JKIMBE MIITXOM (OPMYBaHHS 3 TIEPBHHHHX pajia-
HIHHUX TOUIKOJKEHb THUIy BaKaHCIH Ta MIKBY3JIO-
BHUX aTOMIB Je(DEeKTiB CKJIAIHIIIOrO BHIY — IOJiBa-
KaHCil, KOMIUIEKCIB, CKYIT4eHb 1 T.l. Mirpyroun 1o
MIPUIIOBEPXHEBOI 00JAcTi 3pa3ka, BOHU MOXKYTb
MPOSIBJIATUCS y BUIJISAI BUAMMHUX YTBOPEHb Pi3HO-
MaHiTHOI ¢opmu. BaximeuMm daxtopom Tpancdop-
Marii pagianidHux aedekrtiB € Temreparypa Bijma-
ay.

HocmimpkyBamucek 3pazku (ocdiny ramito (6aza
IUI  OJiepyKaHHS CBITJIOMIOMHUX CTPYKTYyp), OIPO-
mineHi 1 MeB enextponamu, 80 MeB o—vyacTtiHKamMu
ta 6,8 MeB mnporonamu. IlporoHHe onpoMiHEHHS
BiIOYyBaJIOCh B yMOBaX, KOJIM TTOJIOBHHA 3pa3ka eKpa-
HOBaHa BiJ] Iy4Ka. 3a JIOMIOMOTI'0I0 aTOMHOT'O CHJIOBO-
ro MiKpockomna Oe3nocepenHbo OTpuMaHo iHdopma-
if0 po MakponedeKTH B MPHUIIOBEPXHEBIH 00IacTi
KOpHCTalla Ta BHBYCHO BIUIMB PIi3HHX (aKTOpIB Ha
BUJIUMI TIOPYLICHHS CTPYKTYPH MOBEPXHEBOTO HIapy.
[HopiBHsIHHA penbedy ONPOMIHEHOTO Ta HEONPOMiHe-
HOTO 3pa3KiB MPOBOAMIOCH CITIBCTABJICHHSIM JBOX
[TOBEPXOHb, 1[0 HAJISKAIN OJHIN TUIACTHHI.

Busisiieno, o nosepxHs BuxigHoro GaP mae Bu-
[V XaOTHMYHO PO3TALIOBAHMX BHUCTYIIB, BIAAWH,
Makpoe(eKTiB, IO BBOIATHCA MPH MEXaHIUHIN
00pobui Ta B mpoueci TpasiueHHs. [licis ompowi-
HEHHS ITOBEPXHSA KpHUCTaja BCiSIHA XapaKTEpPHUMHU
HAHOBUCTYTIAMH NPUOIM3HO OJHAKOBOTO KOHIYHOTO
mpodinto, NpUiIoMy penbed Mik ropdamMu OTHOPII-
Himmid. OYeBUAHO, IO MiHIMi3alis BUIBHOI €Heprii
OTPOMIHEHOTO 3pa3ka 3[IHCHIOETBCA 3a PaxyHOK
3MEHIICHHsSI KOHIIEHTpALil MOBEepXHEBUX Ae(EKTiB,
SIK1 Ha 3aBepLIaJIbHOMY eTari Tudy3iiHOro mpouecy
OepyTh aKTHBHY y4YacTh B YTBOPEHHI MacCIITaOHHX
“nanohills”.

l'onoBHOIO BiAMIHHICTIO MOBEPXHi 3pa3Ka, OMpo-
MIHEHOTO O—YaCTHHKAMH i TIPOTOHAMH, BiJl OIPOMi-
HEHHSI eJISKTPOHAMH € 3HAYHO MEHIIe YKCIIO Ha Ofu-
HULIO IUIONI OKPeMUX HaHOropOiB, OLMbIINI IXHIH
po3mip Ta cknagHima ¢hopma noBepxHi. Oxpemi 3 HUX
MAarOTh YCKJIQJIHEHY TIOBEPXHEBY CTPYKTYPY.

| MEKM

L"02
0

Omnpominennss GaP BHCOKOEHEPreTUYHUMH MPO-
TOHAaMH 1 0-YaCTUHKaMM CYIIPOBOJDKYETHCSI BUHUK-
HEHHsIM 00J1acTeil po3ynopsIKyBaHHs, IO TMOYHHA-
10Th pyitHyBatucs npu T > 500 °C. Lli BenmukomMactii-
Tabni yTBOpenHs (R = 600A) He MOXYTh CIyXHUTH
JDKEpeIoM TOYKoBHX AedekTiB. ToMy 4mciIO HOBO-
yTBOpEHb BUAY ‘“nanohills” y 3pa3zkax, onmpoMiHEHHX
0-9aCTHHKAaMHU Ta MPOTOHAMH, He3HauHe. BoHu Mo-
JKYTh ICHYBAaTH JIMIIE SK HACHiZOK MirpauiifHoro
IpOLIECY HEBEJIMKOr0 4YHCIa TOYKOBUX IOPYIICHb
CTPYKTYpH /IO pO3YIOPSAKOBaHHX obnacteii abo B
pe3yabTaTi B3aeMHOi Koaryismii. MOoXIMBO, IO
BHCTYTIH CKJIATHOI KOH(Irypariii skpa3 i BHHUKAIOTh
Yy MICISIX KpHCTaja, ¢ y MPHUIOBEPXHEBOMY IIapi
BUHHKAIU PO3YHOPSIKOBaHI 00JIACTI.

BucHoBok: popmyBaHHS crienudidHOTO penbedy
MTOBEPXHI MOXe OyTm oOymoBIlleHe mu(y3icro Hai-
MPOCTINIMX MOPYLIEHb CTPYKTYpPH Ta IXHIM HAKOIH-
YEeHHSIM y NPHUIIOBEPXHEBOMY IIapi HaIliBIPOBIIHU-
ka. OcHoBHI x MacuBH ‘“‘nanohills” ¢opmyroTbcs B
ONPOMIHEHHX 3pa3KaxX i3 BEIIMKOIO KOHIICHTPAIIEI0
HEPIBHOBAKHUX TOYKOBUX JE(EKTIB, TOMY ONPOMi-
HeHHA GaP BaKKMMHM BHCOKOCHEPreTHYHHMH YacT-
KaMH, SIKi CTBOPIOIOTH OOJIACTI PO3YIOPSIAKYBaHHS,
MPHUBOJUTH JIO HE3HAYHOI KiIbKOCTI ~nanohills” Ha
noBepxHi, BusiBneHux ACM.
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APPLICATION OF RECONSTITUTION TECHNIQUE
TO WWER-1000 REACTOR PRESSURE VESSEL MATERIALS IN UKRAINE

L. I. Chyrko, V. M. Revka, Yu. V. Chaikovsky, Yu. S. Gulchuk, V. D. Otsaluk, R. V. Frankov

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

The reconstitution technique is being applied in
the material science labs for more than 20 yr. How-
ever, over the last ten years the higher safety re-
quirements for nuclear power plants under operation
hamy led to the increased demands for the reconsti-
tution [1]. Furthermore the direct fracture toughness
estimation using small pre-cracked Charpy speci-
mens to reliably predict the state of RPV materials
has also increased the necessity of the reconstitution.

Using the reconstitution technique it is possible
to select the appropriate specimen sets for the reli-
able estimation of radiation embrittlement rate ac-
cording to the regulatory requirements. Another
important advantage for reconstitution is the possi-
bility to estimate the DBTT radiation shift for the
higher neutron fluence using the reconstituted
specimens in comparison to the standard specimen
test data for the same surveillance set.

In this paper the application of the reconstitution
technique for the WWER-1000 RPV weld metal is
considered using Charpy V-notch and pre-cracked
Charpy specimens.

The material under study is WWER-1000 RPV
weld metal (Cv-08KhGMNTA wire and 48-NF-18M
welding compound) from Zaporozhye NPP unit 1.
The chemical composition of weld metal in % wt is
as follows: C — 0.05; Si — 0.34; Mn - 0.78;
Cr—141; Ni— 1.1; Mo — 0.59; Cu - 0.03; S - 0.01;
P —0.005.

The neutron fluence dependencies of ATr
(Charpy V- notch) and AT, (fracture mechanics
specimens) shifts are shown in Figure.

The comparison has shown the irradiation em-
brittlement rate based on the Charpy impact test
results is in a good agreement with the fracture
toughness data. Similar to impact test data the high-
est reference temperature 7; shift is related to the
initial period of irradiation and the irradiation em-
brittlement rate does not exceed the Ay value pre-
dicted by the PNAE Code for WWER-1000 RPV
welds (4r= 20 °C). So, the irradiation embrittlement

IIIOPIYHUK - 2010

of weld metal does not limit a ZNPP-1 RPV design
life and there will be most likely no restrictions for
the license renewal.
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Irradiation embrittlement rate for ZNPP-1 RPV weld
metal (based on Charpy impact and fracture toughness
test data) [2].

The conclusions can be made as follows:

1. The consistency between different data sets
(standard and reconstituted specimens) is observed
though a relatively low irradiation embrittlement
rate based on reconstituted Charpy V-notch speci-
men data is revealed for the high fluence in compari-
son with the standard specimens.

2. The irradiation embrittlement rate based on the
Charpy impact test results is in a good agreement
with the fracture toughness data.

1. E. van Walle et al., “RESQUE: Reconstitution Tech-
niques Qualification & Evaluation to Study Ageing
Phenomena of Nuclear Pressure Vessel Materials”,
Small Specimen Test Techniques: Fourth Volume,
ASTM STP 1418, 2002.

2. L. Chyrko et al., in Proc. of the IAEA Technical Mee-
ting on Irradiation Embrittlement and Life Manage-
ment of Reactor Pressure Vessels in Nuclear Power
Plants, Znojmo, Czech Republic, 18 - 22 October
2010.
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MDKKOH®OPMAIIAHI TEPEXOJAA B CTABLIBHOMY AHIOHHOMY PATIAIIMHOMY
JE®EKTI B L-AJTAHIHI

B. A. Onumyk’, B. P. 3airos’, O. L. JIeson'
! Inemumym soeprux docnioocens HAH Yipainu, Kuig
2 Incmumym niompumru excnayamayii AEC, Kuie

B EIlP-amaniHOBI# mO3UMETpii MOTIWHYTa J03a
1OHI3YI0WOTO BUIPOMIHIOBAaHHS BH3HAYAETHCS IO
aMIUTITYAl ueHTpansHOi JiHii cnektpy EINIP Binb-

HOTO paauKary CH3CHCOOH, KN PEeECTPYETHCS

IIpH KIMHATHI# TeMrepatypi. byio BUsSBI€eHO, 1m0 HE
TITBKHA 1HTCHCUBHICTG ITi€i JIiHII, ajie 1 CIIeKTp B ITi-
JIOMY 3aJie)KaTh Bil TeMmIepaTypH 3pa3ka i HEe Mo-
XKyTh OyTH OOYMOBJICHI JIHIIIE TEMIIEPaTypHOIO 3a-
JICXKHICTIO aMITIITYIA KOJIMBAaHb Ta YaciB peTaKcartii.
Bkazana TeMmmepaTypHa 3aJIeXKHICTh OyJia iHTeprpe-
TOBaHA SIK MPOSIB MDKXKOH(OpPMAaLilHUX MEpeXoxiB

paguKary CH3CHCOOH MDK JBOMa CTaHaMH, II0-

3HaueHnmHu iHAekcamu A i B [1]. Ilpote, 3HaiineHi
3HAYEHHsI CHepriil aKTUBAIlil £ =243 kJ>x/MOITb 1
F? =3.8 kJIK/MOTIb, Ta HEPEIeKCIOHEHIIHAX MHO-

JKHHUKIB T(f= 1.7-10"2¢ and Tf= 2.5-10"° c, IO

. A - _B .
BU3HAUAIOTh Yac KUTTs KoHpopMmepiB 7° 1 T~ 3ria-
HO 3aKOHY AppeHiyca

7 =1 exp(E° /RT), ne C=A,B,

CYyTTEBO BINPI3HAIOTHCA. Ll oOcraBMHA, a TaKOX
30ir MPOCTOPOBOI CTPYKTYpH Ta OpIi€HTAIl B KpH-
CTaliyHii rparui omHoro 3 koHpopmepiB (B) 3i
CTPYKTYPOIO Ta OPIEHTAI€0 HECTAOUIBHOTO paju-
KaJjia moTpedye MOsSCHEHHS.

B paniii poOOTi pO3IsAmalOThCS BHYTPIIIHI Ta
MIXMOJIEKYJISIPHI B3a€EMOIIi B pajiamitHoMy nedek-
Ti, OO0 MOXYTh OOYMOBUTH BKa3aHi BIIACTUBOCTI
CTaOlIBHOTO PaAHUKay.

HecraOinpHmii pagrkan BUHUKAE TIPU BiIPHBI Bif

TIEPBUHHOTO aHIOH-PaJNKATY aMIHOTPYTIH:
T2160K

CH,CH(NH;)C(O)OH — CH,CHCOO (H)' +NH,
Lle#i mporec MOXKHA CIIOCTEPIraTy Mpu Harpisi 3pas-
Ka, Y-OIPOMIHEHOTO TP TeMIIepaTypi pigKoro a3o-
Ty, 10 =~ 160 K. [Ipu nogansmomy Harpisi 3pa3ka 10
220 K necrabinbHuil paankan mepexoquTs B cTali-
TpHYy GopMy, SKa BiIPI3HIETBCS TPOCTOPOBOIO
CTPYKTYPOIO, OPIEHTAIIE€I0 B KPUCTAJIYHIA TpaTii 1
3arajJlbMOBaHMM BHYTPILIHIM OOEpTaHHSAM METHIIb-
HOi TpynH. MoneKyisipHi Kpuctanu OynyroThcs 3a
NPUHIUIIOM «IIUJIBHOI YIIaKOBKW», TOMY MOJIEKYyJa
amiaKy 3aJIMIIAETHCS B €JIEMEHTApHIM KOMIpIIi.

Bbynmu mpoBeneHi po3paxyHKHA piBHOBa)XHOI BiJl-
ctani Mix atomamu C, paaukany 1 N amiaky. Bona
BHSBIJIACH PiBHOIO 2,87 A, mo 6:m3pK0 10 BixcTaHi,
B HecTabinbHOMY pafianiiinomy nedekti 2,37 A | ta
MAaKCHMAJIbHO MOXUINBIiT BincTani 2,91 A B crabins-

HOMY, III0O MOXYThb OyTH po3paxoBaHi 3 JaHUX IIO-
JIBIHHOTO €JIEKTPOHHO-SJIEPHOrO0 pe3oHaHcy [2,3].
3abe3neuntn BiacTtaHb MK C, 1 N OJIH3BKOIO 10
PIBHOBaXXHOI MOKHA JIBOMA NUIsAxamu: | — 3a paxy-
HOK TapaJieIbHOTO 3CYBY aTOMIB paJiKaiy 1 aMmiaky
y TMIPOTHIICKHUX HANpsMKaxX (HeCTAOUTHHUM pamuKal
1 koHopmep B crabinbHOrO panukany); 2 — po3Bo-
POTOM paauKaly B eJIeMeHTapHid xomipil (KoHGo-
pMep A crabinpHOTO paaukany). OmHOYacHO, KyT
mix mnomunamu O,C,C, 1 C,C,Cp 301b1Iy€eTHCA 3
103° no 161°. 3rigHo po3paxyHKam, HpH LBOMY
BHYTPIIIHS €Hepris paaukany AE;, 3MEHIIyEThCS Ha
7.8 kJI>k/MOIIb 1 BCTAHOBJIIOETHCS BOJHEBHI 3B’ SI30K
M METHJIBHOIO TPYTIOI0 PaTUKaIy Ta aTOMOM a30-
Ty MoJekyiu amiaky. EHeprito mporo 3B’s3ky Ey
MOKHA BH3HAUUTH BiTHSBIIM BiJi €HEPrii akTUBAIlii
BHYTPIIIHBOTO 0OepTaHHS MeTwiabHOI rpymm (15.1
k/x/Monb [4]) po3paxoBaHy BHYTPIIITHBOMOJEKY-
JspHY cKinanoBy 1.2 kJx/Moub:

Ey=15.1- 1.2=13.9 (xIx/M0mB).

TakuM 4MHOM, pi3HHULA BHYTPIIIHIX eHeprii pamia-
iHOTO JeeKTy B cTaHax A i B cTaHOBUTB:

AE= Eyt+ AE;,=21.7 x]JI>x/MOIIb.
L1 Benmmuuna g00pe criBHagae i3 3HaiIeHOIO:
E*- EP=24.3-3.8=20.5 (x/I,MOIB).

3HAYCHHS 7 BU3HAYAIOTHCS PI3HUICI0 SHTPOIIIi
§* - S¢ papiauiitnoro nedexry B mepexigHoMmy
craHi i B ctanax A i B [5]:

1/75 =c(kT / hyexp[(S* —S)/R],

ne R — razoBa noctiliHa, ¢= 1, S* i S°— enrpormii
paniariifHoro aedekTy B CiIUIOBii TOYIl Ta B CTaHAX
C=A, B. Jlna oO4uuciieHHsT SHTpPOIIiil, a TaKOK eHTa-
JIBIIHA, HEOOXITHO MOCTIIUTH MOBEPXHIO MOTCHIH-
HOI eHeprii aHiOHHOTO pafialiiHoro aedexTy Ta
BU3HAYUTH CTPYKTYpYy KOJHMBaJbHHUX piBHIB. Hapasi
Taka poOOTa MPOBOJUTHCS 13 3aCTOCYBAaHHIM IAKETy
nporpam ORCA [6].

1. B.P. 3autos, C.3. llynera, B.A. Ornmyk, YOX 32,
459 (1987).

. S. Kuroda, .Miyagawa, J.Chem.Phys. 76, 3933 (1982).

. K.Matsuki, [.Miyagawa, J.Chem.Phys.76, 3945 (1982).

. I. Miyagawa, K. Itoh, J. Phys. Chem. 36, 2157 (1962).

. H. Eyring, S. H. Lin, and S. M. Lin, Basic Chemical
Kinetics, John Wiley and Sons, New York, 1980.

6. F. Neese et al, ORCA, available at

http://www.thch.uni-bonn.de/tc/orca/.

WD W

92 IHCTUTYT AJAEPHUX JOCJIKEHb HAH YKPAIHU


http://www.thch.uni-bonn.de/tc/orca/

PAJIALIMHA ®I3UKA TA PAJIIALIMHE MATEPIAJIO3HABCTBO

KOHIIEHTPAIIMHI OCOBJIMBOCTI JAAHAMIKHA MOJIEKY.T PO3YHUHIB
“BOJA - ITPOIIUJIOBUH CITUPT”

J. A. BynaBiHI, H. O. Atamacs', O. A. BacuibkeBuy’, T'. M. Bepﬁiﬂcucal,
B. I. Caicenko®, O. B. KoBaiabos'

Ji . o . o . . . .
Kuiscoruii nayionanvnuil ynisepcumem imeni Tapaca Llleguenka, Kuig
2 . . .
Incmumym si0epnux docniooceny HAH Yrpainu, Kuig

MeTooM KBa3ilPY»KHOTO PO3CISIHHS MOBITHHHUX
HEUTPOHIB MPOBEICHO IOCHIDKEHHS TUHAMIKH MO-
JIEKyJ PO3YMHIB “BOJA - MPOMMUIOBUI CUPT” Pi3HOL
koHIeHTparii npu temnepartypi 281 K. ¥ konuen-
TpariiHiii 3aneXHOCTI e(eKTHBHOTO KoedilieHTa
camoaudysii D Moyiekyn po3udMHy Ta HOro OJHO-
4acTHHKOBOi cKkiafoBoi [), BHsABIEHO aBa MiHi-

MyMH T@IpH KOHHEHTpauisix crupty x = (0,04 +
+0,05) m.a0. ta x=(0,18+0,22) M.1. BIATIOBiIHO,
110 CBIAYUTH PO 3HAYHE CIIOBLILHEHHS MU(Y3IHHIX
PYXiB i 3MEHIICHHS OJJHOYACTMHKOBOTO BHECKY IPH
BKa3aHUX KOHIIEHTpaIisx. Ha xoHIeHTpamiiHii 3a-
JIEXKHOCTI 4acy OCLIOrO KHTTSI MOJIEKYI 7, B IIOJIO-

JKCHH1 PiBHOBarW CIOCTEPIra€Tbcsl BY3bKUH MaKCH-
MyM B obmacri KOHIICHTpAIIii CIUPTY
x =(0,04 + 0,05) m.1. i TITUPOKHIA pu
x=(0,18 +0,22) m.i. 30iMbIIEHHS dYacy OCLIOTO
KHUTTS BKa3ye Ha JIOKAJIbHY CTPYKTYPHY NepeOyaoBY
PO3YMHIB TIpH BKa3aHUX KOHIEHTpAIlisfX, a pi3HA
IHTEHCHUBHICTb 1 TBIIMPHHA MAaKCUMYyMIB — Ha TIPHH-
[ATIOBY Pi3HUIIO TMPUPOAM ITUX IIPOIIECIB I TBOX
HaBeJCHUX KOHIeHTpauid. [losBa BkazaHMX OCO-
ONMMBOCTEW CTae 3pO3YMLTOI0, SKIIO HOPIBHATH pe-
3yJbTaTH HEUTPOHHOIO EKCIEPUMEHTY 3 IIpoBee-
HUMH Ham#u MetogoM MoHTe-Kapio po3paxyHkamu
CTPYKTYypH PO3UMHIB “BOja - MPOMMJIOBUU CIUPT .
3rigHO 3 po3paxyHKaMu MOXKHA BHIIUIMTU JIEKUTbKa
obnacTeil KOHIIEHTpAIi BOIHO-CIIMPTOBUX PO3UH-
HiB 3 XapaKTEPHOIO JJIsl KOKHOI 00J1acTi JOKaIbHOO
CTPYKTYPOIO.

1. KoHueHTpaiiss mponujioBoro CnupTy y Boja-
HOMY po3umHi X < 0,04 m.1. YBeIeHHS MOJEKYII
MIPOTIAHOY Y BOJAY B MeXkax Ili€l 001acTi KOHICHT-
pauiii He NPU3BOIUTH A0 PO3PUBY CITKH BOJHEBHX
3B’sI3KIB, sIKa YTBOpPEHA MOJIEKyJIaMH BoIu. HaBkoio
BBEACHOI y PO3YMH MOJIEKYJIH HpPOMaHOIy 3HAXO-
muthest (7 - 8) MONeKyI BOIU, a B3aEMOIiST MK MO-
JIeKyJlaMU TIPOIIaHOJIy HA BEJIMKUX BIJCTAHIX HE
OPUBOJIUTH 10 YTBOPEHHS KOMIUIEKCIB 3 MOJEKYI
cnupty. Kitactepu Boam ckimagaroThes y mint o0macTi
KOHIICHTpAIliH 13 IecTr MONeKyJ Boau. [Ipu mpomy
koedinieHT camoangysii MOJIEKYN BOAHU Y CIHPTO-
BOMY PO34MHI OJMU3BKHUI 10 KoedimienTa camoaudy-
311 YUCTOI BOOU.

IIIOPIYHUK - 2010

2. KoHueHTpauisi NponWwioBoro CNUpry y Boj-
HoMy po3uuHi X ~ (0,04 + 0,1) m.a. Y Mexax miei
oOmacTi KoHUEHTpalii BigOyBaeTbcsa mepeOynoBa
BOJIHUX KJIACTEPIiB Ta 3MEHIIICHHS YHMCJIa MOJEKYJ B
HUAX JIO TI'STH. YTBOPEHHS KOMIUIEKCIB 3 MOJIEKYJ
BOJM 1 CIIUPTY MPHU3BOJIUTH JO 3HAYHOIO CIIOBLIB-
HEHHS OUQY3iHHUX PyXiB Ta 301IbLICHHS 4acy OCi-
JIOTO XKUTTS MOJIEKYJI y TTOJIO’KEHH] pIBHOBATH.

3. Konnenrpanisi nponujioBoro cnupTy y Boj-
HOMY po3uuHi x ~ (0,1 + 0,25) m.a. Y naniii obnacti
KOHIICHTpaIliil BiIOyBaeThCs ToJalbia mepedymoBa
BOJHUX KJIacTepiB Ta 3MEHIIEHHS YHCia MOJEKYII,
110 iX YTBOPIOIOTb, 10 YOTUPHOX. 38 paXyHOK LEOTO
YTBOPIOIOTHCS CHUCTEMH, IO CKIIAJAIOTHCS 3 JBOX
MOJICKYJT BOAM Ta, SIK MiHIMYM, OIHIEI MOJIEKYJIH
npormanony. I[lpu  fmocsrHEHHI  KOHULEHTpamii
x =(0,18 + 0,22) m.z. 3a paxyHOK rizpo¢oOHOI B3a-
€MOJIii MOJIEKYJI TIPONAHOIY MiX COOOI0 Ta B3a€EMO-
Iii MiXX MOJIEKyJIaMH BOIHM Ta MPOIAHOJy BigOyBa-
€Tbcsl (OPMYBAHHS KIJACTEpiB 3 IMIECTH MOJEKYI
MPOIaHoIy, 0ToYeHUX 18 - 20 Moneky1amMu BOJIU.

4. KoHueHTpaiiss mNponujoBoro CnupTy y BoOJ-
HOMYy po3umHi X ~ (0,25 + 0,4) m.a. Y Mexax 1iei
oOmacTi KOHLEHTpauid BinOyBaeThcsi (HOpMyBaHHS
CTPYKTYPH KJIACTEPIB 3 MOJIEKYJ MPOIAHOIY, SKi B
OKOJII KOHIIEHTpaIli#, Oinbiux 3a X ~ 0,3 M.JI., CKiIa-
JAIOTBCA 3 I1'SITH MOJIEKYJ MPOMAaHOIy, 10 OTOYEHI
BicbMa MolleKyyiaMu Boad. Kiactepu 3 Molekyl
MIPOITAHOIY HaraAayloTh 3a OyJIOBOIO MIIleNH, Beepe-
JIUHI SKMX 3HAXOAATHCS TiIPOKCUIIBHI, a 330BHI —
QJIKITbHI TPYTIA MOJIEKYIT TIPOTIIIOBOTO CITUPTY.

5. KoHneHnTpauisi nponujioBoro CnupTy y BOJ-
HOMY po3umHi x> 0,4 m.1. YV HaBeneHiii oOmacrti
KOHILIEHTpAIllil CIIOCTEPira€ThCsi MOHOTOHHE 3pOC-
TaHHS KoedinienTa camonuy3ii Ta HOTO CKIaIOBUX
1 MOHOTOHHE 3MEHIICHHS Yacy OCIIOro >KUTTA 3
pocToM KOHLeHTpauii cnupTy y Bozi. Lle Biamosinae
HEeNepepBHOMY xapakrepy camoaudysii meHTpiB
KOJIUBaHb, OTOYEHUX TiJPAaTHUMHU OOOJOHKaMHU.
LleHTpaMu KOJMBaHb € MIICIIONOAIOHI KOMIUICKCH 3
MOJIEKYJI CITUPTY, IO OTOYEHI NMEPBUHHOIO Ta BTO-
PUHHOIO T1ApaTHUMHU 000JIOHKAMH.
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AHoTauii pobiT 3 @i3nku nnasmu

HOAIBHOCTI TA BIIMIHHOCTI MIK HECTIMKOCTSIMHU, 3BYJI2)KYBAHUMHU
EHEPITMHUMM IOHAMHU Y TOKAMAKAX TA CTEJIAPATOPAX

.1 Konecrmqemcol, A. KeHiCZ, B. B. JIyuemcol, 0. B. SIkoBeHKo'

7 . . .
Tncmumym adeprux docnioxceny HAH Yrpainu, Kuig
2 . . .
Incmumym izuxu nnasmu Maxca Hianxa, Ipaiihceanvo, Himeuuuna

Eneprifini (HagTeIuioBi) i0HH € 3a3BUYail HasB-
HUMU B TOPOiJHUX MPUCTPOSAX JUIsl yTPUMAaHHS T1J1a3-
MU BCiX THUMIB. BOHU CTBOPIOIOTHCS 1HXKEKIIIE0 He-
TPAIBHHUX CTPYMEHIB, paiodacTOTHUM HarpiBaHHIM
Ta peaxiisiMu cuHTe3y. EHepriiiHi i0HM MOXYTb Bec-
TH JI0 PI3HOMaHITHUX HECTIHKOCTEW IUIa3MH, 30Kpe-
Ma JI0 Pi3HOMAHITHUX alb()BEHOBHX HECTIHNKOCTEH.
Lli HecTifiKOCTI MOXXYTh 3HAYHO BIUIMBATH Ha €HEp-
reTUYHUi OajaHC IU1a3MHU, BUIITOBXYIOUH €HEPriiHi
10HH 3 IIEHTPAIbHOI YaCTHHHU IUIa3MHU. bijbil Toro, y
JESKUX eKCIIepUMEHTaX I 9ac IMHUX HEeCTIHKoCcTel
CIOCTEpirasioch MOTIpPIICHHS YTPUMaHHS €Heprii B
OCHOBHIN miasMi. Y TOH >Xe Yac Aeski HECTIMKOCTI
[BOT'0 TUIY HE BILUTMBAIOTH MIOMITHUM YHHOM aHi Ha
CHepriiiHi i0HHW, aHl Ha TUIa3My B LIJIOMY; TaKi He-
CTIMKOCTI MOKHa BHKOPUCTOBYBATH IS JiarHOCTH-
KH TUTa3MH.

[No3ask OinbMIICTE POOIT, B SKUX BHUBYAINCS He-
CTIMKOCTi, 30yMKyBaHi €HEpriiHUMH iOHAMH, CTO-
CyBaJIUCS TOKaMakKiB, BaXKIIMBO 3PO3YMITH Te€, KOIHU
pe3yabTaTaMu MHUX PoOIT, OCOOIHBO, TCOPETUIHHX,
MOXKHa KOPUCTATHCh JJIsS ONUCY MOAIOHUX SBHUII Y
cTenmaparopax. 3 iHIIOTO OOKy, CTelapaTopHa Teo-
pis, mo BKIOYae e(peKkTH TPUBUMIPHOI reomerpii,
MO3Ke OyTH KOPHUCHOIO JUIsl PO3yMiHHS HECTiHKOCTEH
y TOKaMakax, 00 OCbOBa CHUMETpisi B OCTaHHIX IO-

PYUIYEThCS, HANPHKIAJ MATHITHUIMHA OCTPOBaMH.
ToMmy mopiBHSUIBHUI aHami3 HECTIKOCTeH y TOpoia-
HHUX CHCTeMaX pI3HHX THIIIB CTaHOBUTH IHTEpeC i
IUTA CTEeJIapaTOpHOi, 1 A TOKaMa4yHOi CIUIBHOTH.
Came Takuii aHami3, IO TPYHTYETbCA Ha OTJISMAI He-
CTiiKoCcTeH, 30y/UKyBaHMX EHEpPriiHUMH iOHAMH B
TOKaMKax Ta CcTelaparopax, MpPOBOJUTHCS B Il po-
00Ti. Po3risnaroThCst HECTIMKOCTI B IIIMPOKOMY Yac-
TOTHOMY JIialla3oHi, BiJl 10HHOI/€IeKTPOHHOI Jiama-
THITHOI YacTOTH JO BHCOKHX YacTOT CITeH(DiaHIX
cTenapatopHux MoJ. ONHMCyeThCS BIUTMB HECTIHKOC-
Tel HA yTPUMAaHHS 5K SHEepriiHUX 10HIB, TaK 1 OCHO-
BHOI mia3mu. PoOuThbes orisin 4ucioBuXx 3acoliB
JUISI  MOJICTIOBAHHS HECTIKOCTEH, 30y/DKyBaHHX
EHepTiiHIUMHU 1I0HAaMH B TOKAMKaXx 1 cTenapatopax.

PoGoty BukoHaHo B pamkax mnpoekty YHTII
Ne 4588. Ti mpmitHaTO 10 APYKY fAK CTAaTTIO Ha 3a-
OPOLICHHS B TEMaTHYHOMY BHUIIYCKY JKypHaly
Plasma Physics and Controlled Fusion, mpucssiue-
HOMY CIHIBCTaBJICHHIO (PI3MKU TOKaMakiB i cTelapa-
TopiB. BoHa Takox AomnoBimanacs Ha MixHapOIHIN
KoH(]epeHLii 1 Ko 3 (i3UKK TIa3MH Ta KEpOBaHO-
ro cuHTe3y «AmymTa-2010» (Amymra, 13 - 18 Be-
pecus 2010 p.).
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OI3UKA ITIAZMU

TPAHC®OPMAIIII KIHETUUHUX AJIb®BEHOBUX XBWJIb Y TOPOIJAJIBHIN ILJIA3ZMI

M. I'. Tumenko, FO. B. fSIkoBeHko

Tnecmumym soepuux docnioxcenv HAH Yrpainu, Kuis

Kinernuni anbdsenoBi xBuii (KAX) wacto Bu-
HUKAIOTh Y TOKaMaKax Ta CTeJapaTopax y pe3ylib-
TaTl KOHTUHYYMHOTO [1] Ta BUIPOMIHHOTO 3aracaH-
HA [2] anp(hBEHOBUX HECTIHKOCTeH. Y NIEIKUX BU-
MagKkax I XBHJII MOXKYTh TOITHPIOBATHCS B TIAa3Mi
Ha 3HAYHy BiJICTaHb, BIUIMBAIOYM Ha TPAHCIIOPTHI
mporiecH [3]. MeToro poOoTH € moKasaTu, 10 TOPOi-
JaNbHICTh (2 TaKOX eJNINTHYHICTh 4u Oyab-sKi 1HII
BiJXWJICHHSI MarHiTHOi KOHQIrypamii BiJ HWITiHIPHU-
9HOI TeoMeTpil) MOKe BHKIMKATH TpaHCHOPMAIIII0
BuxigHoi KAX y KAX 3 iHmmM#H HOMEpamMHu MOJI.
Le#t epexT mae Micle, SKIIO YacTOTa XBHJI € BH-
OO0 32 YacTOTY BIAMOBIAHOI HIUIMHU B alb()BEHO-
BOMY KOHTHHYYMi.

Jna onucy nommpenas KAX y Bumagaky Topoi-
JATBHOI TEOMETpPii BUKOPUCTOBYETHCS PIBHSHHA [4].
Posrnsgarorees nBi rinkn KAX 3 pisEHEMEH HOMepa-
MU MOJI. 3a4eIUICHHS MiX TiJIKaMH Belle IO TOSBU
minuan (“sSBUILE YHUKHEHHS mepeTuHy” — avoided
crossing phenomenon) Ha rpadiky A(r) y Toui, ne
k| TiOK OHAKOBI (7 — 1€ pajiagbHa KOOpAMHATA, K,
— pazialbHe XBUIILOBE YHUCIIO, k|| — XBUJIBOBE YUCIIO
B370BJK Mar"iTHOTO TIOJISA), TUB. PUCYHOK. IlepeTBo-
perHsMm @yp'e cucrteMa piBHIHH BOCBMOTO MTOPSIKY,
mo omucye 1Bi 3ademyieHi rapMmoHiku KAX, 3Bo-
ouThesi g0 aBox  piBHsaHb  Ulpenminrepa B
k,-tipocTopi, 3 MOTEHIIadbHUM Oap’€poM, IIUpUHA
SIKOTO BIIIIOBiZa€ MUPHUHI MIUTMHA HA Tpadiky k(r).
o mux piBHsHBE Oyio 3acTtocoBano meroa BKb. Ta-
KHM YUHOM, OYJIO 3HalJeHOo 0e3po3MipHy KOMOiHa-
Lil0 MapaMeTpiB, 3aleXHO BiJ SKOI TIepeBaxkae
TpaHcgopmalis XBuIIi a00 TyHENTIOBaHHS.

Y po6oTi OTpUMaHO aHATITUYHI BUPA3H IS aMII-
JMiTyan TpaHc)OpMOBaHOI Ta HeTpaHC(HOPMOBAHOI
XBWJIb. TakoX 3HAWIECHO 3aJICKHICTH KoedillieHTa
Tparcdopmanii Bix mupuran miinuau. [lokazaHo, mo
TpaHcopMaLisi MOXKe OYTH CHIIBHOIO B peajbHUX
yMmoBax TepMmosiaepHux npuctpoiB (NSTX, ITER).

IIIOPIYHUK - 2010

Tparcdopmartis MiICHITIOETHCS 31 3MEHIICHHSAM ac-
IMEKTHOTO BIJHOIICHHS, 31 301IbIICHHSIM BiJHOIIECH-
HS pafiyca Ija3Mu [0 JJApMOPOBOTO pafiyca (30K-
pema, Tpu 30UTBIIIEHHI MarHiTHOTO TIOJIS 1 3HKEHHI
TEMIEpPaTypH IIIa3MH).

k ;

JBi Timku amcrepcii anbBQEHOBOI XBHII 3a HASBHOCTI
TopoimanbHOCTI. [IyHKTHPHOO JIiHI€I0 MTOKAa3aHO AWCIEp-
CiI0 B HNWJTIHIPUYHIA TeOMeTpii, CYLUTHHOIO JIHIE0 — -
CHepCil0 Yy BHUMAAKy TOPOiJaJbHOCTI; TiNKH HO3HAYCHi
BiMOBITHIMH MOJIOBHMHU HOMEPAMHU; CTPLIKH ITOKA3yIOTh
Hanpsm momupeHHs KAX; / — mamaroua xBwis; 2 —
TpaHc(hOpMOBaHa XBIJIA; 3 — XBUIIA, KA HE TpaHCHOPMY-
BaJIach, BHACIIJJOK TYHEIIOBaHHS Yepe3 HIUIHHY.

3HaiiieHnii epeKT MOKe MaTH MPAKTHYHO BaxK-
JUBI HACITIAKH, OCKITHPKU MOXE BILTMHYTH Ha MOJIO-
BHI CKJIaJ HECTIHKOCTI, pEECTPOBAHUHN 30BHIIITHIMH
MAarHiTHUMHU 30HJaMH, Ta Ha IHTE€HCHBHICTEL IIOTJIH-
HAaHHS XBUII IIa3MOIO.

PoGory BHKOHaHO B
VHTII Ne 4588.

pamkax  IIpoekty
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3. Yal. Kolesnichenko et al., Phys. Rev. Lett. 94,
165004 (2005).

4. O.P. Fesenyuk ef al., Plasma Phys. Control. Fusion

46, 89 (2004).
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MEXAHI3M YTBOPEHHSA HEMOHOTOHHOI'O EHEPTETHYHOI'O PO3NIOALTY
EHEPTTMHUX IOHIB ¥ CO®EPUYHOMY TOPI NSTX

S1. 1. Konecunuenko, FO. B. SIkoBenko

Incmumym si0eprux docnioncenv HAH Yrpainu, Kuig

[Mouaro BuBuenns «high-energy feature» (HEF)
— ¢opmyBanHs naropba Ha QYHKII pO3MOILTY ITyd-
Ka TIpH 30yKeHHI BUCOKOYACTOTHUX alb(BEHOBUX
HECTifKoCTel — SIBHINA, SKE CrocTepiranocs y Oara-
THOX po3psanax chepuunoro Topy NSTX [1]. 3ampo-
ITOHOBAHO KOHIICTIIIIfO, SIKa, IMOBIPHO, 3/1aTHA ITOsC-
HHUTH 1Ie SBUIIE. i OyJI0 BKJIIOUEHO 10 TpEe3eHTallil
[S.S.Medley et al. “Transient Enhancement
(‘Spike-on-Tail’) Observed on NBI Energetic lon

14 —

12— =

10 —

chi=0.73

0.7 0.8

i 0.9 1.0 1.1
E/E,q

Puc. 1. ®okkep-1uiaHKiBcbke 004MCIEHHS (QYHKIIT po3-
oNiTy eHepriiHux ioHiB F(E) (CyuiapHa IiHIA), IO
JeMOHCTpYe cruionieHHs F(E) 3a paXyHOK MHiTY-KyTO-
BOTO PO3CIIOBaHHS B TMOPIBHSAHHI 3 TaJbMIBHAM PO3IIO-
JioM (MyHKTUpHA JiHis). £ — eHepris 4acTHHKH;, } —

KOCUHYC MiT4-KyTa; E; =90 keB — eHepris imkekuii.

Spectra Using NPA on NSTX”, 52nd Annual
Meeting of the APS Division of Plasma Physics,
November 8-12, 2010, Chicago, USA]. 3rigao 3
I[I€F0  KOHIICMIII€I0, MIATBEPIKEHOK YHCIOBUMHU
po3paxynkamu, HEF yTBOproeThcsi BHACHIIOK citi-
JBHOI Nii KyJTOHIBCHKHX 3iTKHEHBb 1 alb()BEHOBHX
MOJI, JIeCTaOLTi30BaHUX MyYKOM 1HXXKEKTOBAaHUX 10HIB
(nuB. puc. 112).

Ta iHKeKuis

~
~

S HEF-2°
N

36igHEeHICTb

Puc. 2. YTBopenns naropba B obnacti V ~V; i y~ %,
3aBISIKM KBa3UIiHIAHIN audys3ii y mpocTopi MBUAKOCTEH.
V=~N2E/M ; M — maca yacTHHKH; iHaeKc «0» Bimmo-
BiJla€ mapamerpaM YaCTUHKH B MOMEHT HapOJKEHHSI.

Poboty Bukonano B pamkax mpoekty YHTLI Ne 4588.

1. S.S. Medley et al., Report PPPL-4528 (Princeton Plasma Physics Laboratory, 2010).
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@I3UKA IIIASMU

HEJIIHIVHI AJIb®BEHOBI BJACHI KOJUBAHHS
3 YACTOTAMHU Y KOHTUHYYMHIA OBJACTI

5. 1. Korecuuuenko, B. B. Jlyuenko

Incmumym si0eprux docnioncenv HAH Yrpainu, Kuig

3 MeTOI0 BHBUYEHHS BIIACTUBOCTEH alb()BEHOBUX
BJIACHUX MOJ CKIiHY€HO{ aMIUTITyId, 30Kpema
NGAE-mon (Non-conventional Global Alfven
Eigenmode), BuBeieHO HEMiHIMHI PIBHSIHHS, MTOAI0HI
10 PEAYKOBaHUX PIBHAHB MAarHiTHOI T1IpOAWHAMIKH
[Kadomtsev and Pogutse (1973), Strauss(1976)].
o6 ypaxyBaTu HelNiHiiHI eeKTH, XBIIBOBI Tapa-
MeTpH (CKalspHUM MOTEHLIa Ta MO3I0BXKHIO KOM-
[IOHEHTY  BEKTOPHOI'O  TOTEHLially  €JIeKTpo-
MarHITHOTO TI0JIsT) OYJIO TIPEICTaBICHO K CyMy OC-
HOBHOI TapMOHIKM Ta JBOX CaTENiTHUX TapMOHIK.
OtpuMaHe HemiHiliHe PiBHSHHS IS OCHOBHOI Tap-
MOHIKH OyJI0 TpOoaHaTi30BaHO SAKICHO ¥ PO3B’s3aHO
yrcenbHo i NGAE-mMomu y xongirypamii tumy

0,22-
0,20
0,181
0,161
0,14
0,12
0,10-
0,08
0,06 -
0,04
0,02

0,00
0,0

KIILA

BracHa dpyH

1,0

r/a

a

BrnacHi Moan 3 4acToTaMu B KOHTHHYYMHil ob6macTi (@<

a)A C

«BengenpiTaiiny. 3po0ieHO BUCHOBOK, IO HEINi-
HIlHI 4JIEHW YCYBarOTh CHHIYISPHICTH (JIOKATHHUN
anb(PBEHIB PE30HAHC), IO MOXKE 3a0€3MEUNTH iCHY-
BaHHs JMCKPETHUX BIACHUX MOJ Yy 00JacTi KOHTH-
HyyMa. 3poOJieHi OLIHKM MOKa3yTb, IO e(eKT
MOXe OYTH 3HAYHUM JJI1 PEaTiCTUIHHX BEIUINH
30ypeHoro MarHitTHoro moJiss. OTpUMaHi YHCETbHO
PO3B’SI3KH MiATBEPIKYIOTh, IO BJIACHI MOAU B 00-
JaCTi KOHTHHYYMY € CIIPaBJi MOXJIMBUMH, THB. PH-
CYHOK.

PoGoty
VHTII 4588.

BHUKOHAHO B paMKax MMPOCKTY
0,201
0,15+

0,10

0,05

Bracua yHKiia

0,00 4

-0,05 4

L+
0,0 02 0,4 0,6 0,8 10

r/a

0

MAx , A€ @ - 4aCcToTa MOIH, G)Zf.,X = gacrora aJ'IL(I)BeHOBOFO

A

KOHTHHYYMa B MAKCUMYMi): @ — MOJIa 3 YACTOTOKO HA KPAK0 KOHTHHYyMa, W= (W ; 6 — MOJIa 3 4aCTOTOI HHKYE MAKCH-

MyMy KOHTUHYYMa, @< @' . Pi3Hi KpUBi BilNOBINAIOTH Pi3HAM aMILTITY1aM aib(hBEHOBUX 30YPEHD.
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PIBHAHHA JJIsA I[PEFIQOBO-AJILQJBEHQBHX TA JIPEU®OBO-3BYKOBHUX
BJIACHUX MO/J Y TOPOIJAJIBHIN IIVIA3MI

S1. I. Konecunuenko, b. C. JlenaBko, 1O. B. fIkoBenko

Incmumym si0eprux docnioncenv HAH Yrpainu, Kuig

HemonaBHo Teopernyno Oyio mepeadadeHo ic-
HyBaHHA Apeii¢oBo-3BykoBUX BiacHUX Mox (DSE —
drift-sound eigenmodes), a TakoXX HOBOTO THITY
npetihoBo-anbBeHoBHX BiacHUX Mox (DAE — drift-
Alfvén eigenmodes) — MoJ, UIS SKHX BUKOHYETHCS
yMOBa @~ @, (1€ ® — 4acToTa MOAH, ., — IOH-

Ha/eJIeKTPOHHA JliamarHiTHa Apeiidosa yacrora) [1].
MogenioBaHHS OKPEeMHX DO3pSIIiB  cTesaparopa
Wendelstein 7-AS 3Ha4HOIO MipOIO MiATBEPIKYE
icHyBaHHA nux mon [1]. BaxmBum Qaktom € Te,
mo ionHe 3aracaHHs Jlanmay DSE-moxn e crabkum
HaBiTh IPU Ay’X€ MAajJOMy IO3JOBXHbOMY XBHIIbO-
BoMy umcni (& ), o crpusie aectabimizanii uux Mo

EHEeprilfHUMH YaCTUHKAMU — Ha BIJIMIHY Bijl BIZIOMUX
panime BAAE-mon (B-induced Alfvén-acoustic
eigenmodes), I SKUX XapaKTepHE CHUIBHE 3aTy-
XaHHS B 130TepMivHid mmnasmi (mpore, HMOBIpHO,
BAAE-Momu cnoctepiranucsi B eKCHEpUMEHTax 3
BEITUKOIO0 TYCTHHOIO 10HHOTO ITy4Ka Ha CHEepUIHOMY
topi NSTX [2]).

Pipusiaas nnst DSE ta DAE, HaBeneHi B poOoTi
[1], cTporo kaxxyuu, € CIpaBeUIMBUMH JIUILE Y BU-
NaJKy, KO @; > @.;, (@); — 9acToTa reoI€3uIHOI

akyctugHoi momu [3]. OmHak 111 yMOBa MOXeE IIO-
PYLIYBaTHUCS B PEANBHUX CKCIEPUMEHTAX; 30KpeMa,
BOHAa HE BHKOHYBajacs B JESKUX OOJACTSAX TUIA3MU
PO3psAiB, PO3MISHYTHX y pobori [1]. 3 inmoro 6o-

Ky, y 3rafafiii poOoTi, BUBeIeHHS 0a30BUX PiBHIHD
st onucy DSE ta DAE-mon Oyno, ¢akTiuyHO, Bif-
CYTHIM, a HEOIHOPIIHICTIO TeMIepaTypH IIa3MH
Oyno 3HextyBaHO. lli 00CTaBHHM CHOHYKaNH aBTO-
PiB 10 BUKOHAHHSA HOBOi po0OTH, B SIKiM PIBHSAHHS 3
[1] Oyno ysaraspHEeHO AN BUMNAAKY IOBUIBHOTO
CHIBBIJIHOIIEHHS @); / @.;, 3 YPaXyBaHHAM HEOIHO-

PITHOCTI TeMIepaTypH IUIa3MH, a TaKOXX IETaIbHO
ONMCAHUN IUISAX IXHBOTO OTPUMAaHHS.

BuBeneHi piBHSHHS € TPUIATHUMHU MJIS ONHUCY
DSE-mon i DAE-Mon sik y Tokamakax, Tak i B CTe-
nmaparopax. BoHM MOXyTbh OyTH BUKOPHCTaHI TaKOXK
JUISL OTACY HU3bKOYACTOTHHUX XBWJIBOBUX SIBUII 3
@~ @, B IHIIHX JTA0OPATOPHUX MPHUCTPOAX 1 B KOC-

MIYHIN IJ1a3Mi, I SKUX HEOIHOPIMHICTh MarHiTHO-
r'o IOJIS € ICTOTHOIO.

PoGory  BuUKOHaHO B
YHTIL Ne 4588.

paMKax  IPOEKTYy

1. Ya.l. Kolesnichenko, V.V. Lutsenko, A. Weller et al.,
Europhys. Lett. 85, 25004 (2009).

2. N.N. Gorelenkov et al., Plasma Phys. Control. Fusion
49, B371 (2007).

3. N. Winsor, J.L. Johnson, and J.M. Dawson, Phys.
Fluids 11, 2448 (1968).
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OI3UKA ITIA3MU

HEPHII PE3YJIBTATU MOJEJIOBAHHA TPAHCIIOPTY IHX KEKTOBAHUX I0HIB
Y TOKAMAIII DIII-D

5. 1. Konecanuenko, B. B. Jlynenko, 0. B. SfIkoBenko

Incmumym si0eprux docnioncenv HAH Yrpainu, Kuig

Ha mpomno3wuiiiro Hamoro napTHepa Mo MPOEKTY
YHTL, npod. B.TeiinOpinka (YuiBepcuter Kai-
tdopuii — Ippaita, CIIIA), mouaTo BUBUYEHHS Iepe-
PO3MOTY IH)KEKTOBAHMX INBUIKUX 1OHIB MiJI 4Yac
MUITYACTHX KoiuBaHb Ha Tokamari DIII-D (CILIA).
Ile BUBYEHHS BKJIIOYAE SIK €KCIIEPUMEHTAIBHI, TaK 1
TEOPETUYHI JociikeHHs. ExcrepuMeHTanbHi 10-
CJIIJKCHHS TIPOBOJSATHCS 3 BHKOPUCTAHHSM HOBOI
YIOCKOHAIIEHOI JiarHOCTUKH €HEepriiiHuX 10HIB, 30-
KpeMa JBOBHMIpPHOI IIarHOCTHKH IIBUAKUX 1OHIB
neiitepito Ta anbgpa-dyactuHok (FIDA) i HOBoOrO Ite-
TEKTOpa BTpPAT MIBHAKUX i0HIB. TeopeTnuHi mocmia-
skeHHsT nipoBoAsaThcs B ISJl HAH VYkpainn ma 6azi
pawiiie cTBOpeHol Teopii [1] Ta po3pobiieHOTro KOy

S~ 2=0.5

, E=80 keB, 1,=1.2510" cex, ,=0.95

I,E
1 2,E=80 keB, 1,=1.2510" cex, q,=0.999
3, E=80 keB, 1,610 cex, q,=0.95
0.2 4, E=20 keB, 1,=1.2510" cex, q,=0.95
5, E=20 keB, 1,=6 10 cek, q,~0.95
n T | T I T | T '| T I

OFSEF [2]. AHoTanito po0iT, BAKOHAHUX B 1HCTHUTY-
Ti, HOJAHO HIKYE.

Buxopucrosyroun xkonx OFSEF, nposeneno mep-
i po3paxyHKH it po3psiiiB 3 Oi0uacTuMm mepepi-
30M IUIa3MU. 3HaWAEHO, IO KOJAlCH MUITYacTUX
KOJINBaHb CJIA0KO BIUTMBAIOTh HA 3aXOIUICHI YaCTHH-
KA 3 BUCOKMMH €HEprisiMu (OJIM3bKUMHU JI0 EHeprii
imkekuii — 80 keB), y Toil yac sk npoJiTHI YaCTHHKU
Ta 3aXOIUICHI YaCTHMHKU 3 MAJIMMH E€HEPrisiIMU CHJIb-
HO TIEPEPO3MOMIISIOTHCS MM Yac KOJamciB (pucy-
HOK). Lli BHCHOBKH Y3rOKYIOTHCS 3 HAILOIO TEOpi-
€10, PO3BHHYTOIO paHime [1], a Takox i3 HemoaaB-
HIiMH eKkcriepuMeHTaMu Ha Tokamarti DII-D.

o 7=1.0, q,;=0.95

I, E=80 keB, 7,=1.2510" cex
1 2, E=80 keB, 1,=6:10" cex

3, E=20 keB. 1,=1.2510" cex
4, E=20 keB, 1,=6:10" cex

0 T T T | T I T T T ]

0 0.2 0.4 0.6 0.8 1
1,

0 0.2 04 0.6 0.8 1

mix T i

[epepo3nonia 3aXOMICHUX YAaCTUHOK (CIpaBa) Ta MPOJITHAX YACTUHOK (371iBa) YHACHIIOK KOJANCy MUITYaCTUX KOJIH-
Banb DIII-D. HITpuXoBOI0O JNiHI€I MO3HAYECHO PO3MOJIUT IIBUAKUX 10HIB 0 KOJATCY, CYNUTbHAMU JIHISIMH — PO3MOILT
IBUAKUX i0HIB michst konarcy. f(r,E,A) — QyHKIis po3noaily MBHUAKUX i0HIB; 7, E, A — pajianbHa KOOpIMHATA,

€Hepris, Ta MiT4-KyTOBUI ITapaMeTp YacTHHOK BiIIOBINHO; 7, — TPUBAIICTb KOJAICy; . — pajilyc IepeMillyBaHHS

ix

IIa3MH; ¢, — Koe(ilieHT 3amacy CTiHKOCTi Ha MaTHITHI# Oci.

2. Ya.l. Kolesnichenko et al., in Fusion Energy 1998,
Proc. of the 17" IAEA Conf., Yokohama, 1998
(TAEA, Vienna, 1999), CD-ROM file THP2/25.

Pobory BukoHaHo B pamkax mnpoekty YHTIL]
Ne 4588.

1. Ya.l. Kolesnichenko, V.V. Lutsenko, R.B. White, and
Yu.V. Yakovenko, Nucl. Fusion 40, 1325 (2000).

" s poboTa € ckI1agoBOO IOMOBiAI Ha mopiuHiil KoH(epermii BinmineHas ¢i3uku miazMu AMEpUKaHCHKOTO (i3u-
gyroro ToBapuctBa: C. M. Muscatello, W. W. Heidbrink, D. C. Pace, Y. B. Zhu (all - UC-Irvine), Ya. I. Kolesnichenko,
V. V. Lutsenko, Yu. V. Yakovenko (all - KINR), M. A. Van Zeeland, R. K. Fisher (all - General Atomics), and B. J.
Tobias (UC-Davis), “Sawtooth-induced Fast-ion Transport in the DIII-D Tokamak: Observations and Comparison to
Theory”, Bulletin of the American Physical Society: 52nd Annual Meeting of the APS Division of Plasma Physics 55,
No. 15, Abstract UP9.00056 (2010)].
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PE3YJbTATH ®OKKEP-IUVIAHKIBCBKOI'O MOJEJIIOBAHHSI CTPYMY
IOHIB IH’KEKIII B ITER

B. O. SIBopcbkuii™?, B. 5I. Foto6opoasko’?, K. Ilond’

! Inemumym soepnux docnioocens HAH Yipainu, Kuis
? ITnemumym meopemuunoi izuxu Incopyyvkoco ynisepcumemy, Incopyk, Ascmpis

IoHM BHCOKHMX €HEpriii 10 YTBOPIOIOTbCS BHa-
CIIJIOK 1HXEKI[ii HeWTpaJliB BiAIrpiBalOTh BaXKIIUBY
pOJIb Y BHOOPI Ta KOHTPOJi ONTHMAIBHUX PEKUMIB
pobotu Tokamaka ITER 3aBasku 3Ha4HOMY BKIamy
TaKWX 10HIB B HArpiBaHHA IUIa3MH Ta B TeHEPAIlilo
CTpyMy B 1u1a3mi [1].

MeTtorw naHOi POOOTH € PO3paxyHOK e(eKTHB-
HocTi TeHepauii ctpymy ionamu imkekuii B ITER.
OO0uucieHHs MPOBEEHO 3 BUKOPUCTAHHAM (DyHKITIH
pPO3MOiTy 1OHIB 1HXKEKIli JUis 0a30BHX CICHApIiB
ITER, orpuMaHuX y pe3ynbTaTi TPUBHUMIPHOTO Y
IIPOCTOpi iHBapiaHTIB PyXy (POKKep-TIIaHKIBCHKOTO
MozemoBanHs [2]. Ha pucyHKy HaBeneHO po3paxo-
BaHUW MPOQUIb TYCTHHU CTPYMY IOHIB iHXKEKIii B
€KBaTOpiaNbHIA IUIONMHI I 4-To creHapito [2].
3HaHHA ITi€] TYCTUHHU JAa€ 3MOTY IOpaxyBaTH MOBHUH
CTpYM Inp| 11O TEHEPYETHCS 1OHAMH 1HXKEKIIil, a Ta-
KOX e(eKTHBHICTh TEHepallii Takoro CTyMY, 7Bl
Hotpumytouucs [3], OyaemMo KOPUCTYBATHCh BHU3HA-
YEHHS VTS T]np]

neRpI NBI

—_—r = 1
PNBI (l_nSHT) ( )

NMyer =

ac ﬁe CJICKTPOHHA TYCTHHA, YCCpPCIHCHA B3IO0BK

JiHIT 1HXKeKWii, R, Ta 7Jsyr BIANOBIIHO BEIMKHI

1L
NE
< 05}
=
0k
O, 14 =i,
4 5 6 7 8
R, m

[Ipodini TycTUHU CTPyMy i0HIB IHXKEKIIIi jyp; B €KBaTOPI-
anpHil miomwuHI [TER ans 4-ro cueHapito. jyg; BpaxoBye
3BOPOTHHI CTPYM €JIEKTPOHIB.

paaiyc Ijia3Mu Ta JIOJIS HEHTpaliB Iydka, IO HE
3a3HAIOTh 10HI3alii B IU1asMi. Y TAOJHULI HaBEIEHO
OCHOBHI TIapaMeTpH IUIa3MH Ta HEHTPabHOT 1HXKEK-
IIii, a TaKOX IMOPaxOBaHO BEIMYHNHU €(PEKTUBHOCTI
reHepamii cTpyMy 7npr Ui 2-TO Ta 4-TO CIleHapiiB
po6otu ITER.

EdexTuBHicTh reepanii crpymy ionamu imaxexuii B tokamani ITER

. Cuenapit 2,a=2M,R=6,2 M Cuenapiti 4,a=1,85M, R=6,35™
OcHOBHI apaMeTpu - - - - - :
on-axis off-axis (on + off)-axis on-axis off-axis (on + off)-axis
Pxsi, MBT 16,5 16,5 33 16,5 16,5 33
Ingi, MA 0,647 0,582 1,23 1,08 0,924 2,0
Ne, M 1,015 - 10% 1,01 -10% 1,01 -10% 0,69 - 10% 0,68 - 10% 0,69 - 10%
Nsur 4,63-107 44-10° 4,5-107° 1,49 - 107 1,53 -10° 1,5-107
Nxsr, ABT M7 2,47-10" 2,21-10" 2,4-10" 2,87-10" 2,42-10" 2,65-10"

Ha 3aBepmieHHs cpopMyITIOEMO OCHOBHI BHCHOB-
KH TIPOBEICHOTO B NaHI pOOOTI MOJCITIOBAHHS.

1. YV cranionapHomy cueHnapii podotu ITER ryc-
THHA CTPyMy, IIO TEHEPYEThCA 1OHAMHU I1HXKEKIIi,
Mmoxke pocsaratu 30 - 40 % 3HaueHHs! BEJIUYUHU [10B-
HOTO CTyMY B IIEHTpaJIbHIH 001aCTi MIa3MH.

2. 3rigHo 3 po3paxyHKamMHu e(eKTUBHICTH I'eHe-
partii cTpyMy ioHaMH iHXXEKTOBAHOTO IEHUTEpIl0 Y
Bunaaky OazoBux cueHapiiB Ha ITER nmocsrarume

100

22-29 AT "M% wo B 1,4 - 1,8 pasiB nepeBuirye
peKOpaHE 3HAUYCHHS e(DeKTUBHOCTI Ha CYy9aCHHUX TO-
kamakax (JT-60, 1999 [3]).

1. A. Fasoli et al., Nucl. Fusion 47, S264-S284 (2007).

2. V. Yavorskij et al., 22" JAEA FEC 2008, Geneva,
Switzerland, TH/P3-2.

3. T. Oikawa ef al., Nucl. Fusion 40, Y435 (2000).

4. A.P. Polevoi et al., J. Plasma Fusion Res. Series 5, 82
(2002).
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@I3UKA IIIASMU

HNPEHECIA MMPOJITHHUX IOHIB ¥ TOKAMAKAX
3 HEKPYI'JIUM IIEPEPI3OM I MATI'HITHUM HIHWPOM

0. C. Bypnol, SI. 1. Kostecanuenko', C. Cinias’, 0. B. SIkoBeHKo

1

! ITnemumym adeprux docaioxcens HAH Yrpainu, Kuig

2, . .
Yuigepcumem Aanvmo, Aanomo, Dinasndis

TopoinanbHa mpenecis B 0OCECUMETPUUHIN TOpo-
inanpHii mIa3Mi € 0ayHc-ycepenHeHUM IpeidoBuM
pyXOM y TOpoimalibHOMYy HampsMmKy. BoHa 3maTHa
CHJIBHO BIUIMBAaTH SIK HA YTPUMaHHS YaCTUHOK, TaK i
Ha CTilKicTh ma3Mu. TopoinanpHa mperecis 3axor-
JIGHUX YaCTMHOK BWBYCHA JOCTaTHHO IOBHO [1].
[perecito sk MPOJIITHUX YACTHHOK, KA MOXE TaKOK
BiJirpaBaTé BaXXJIMBY poJib [2], HOCTiIKyBaTH 3Ha4-
HO BakK4ue, OCKUIBKH TOPOidalbHUM Apeii( YaCTHHOK
Mae pi3Hi HaNpsSIMKHU B PI3HUX YaCTHHAX TXHIX TpaeK-
Topiii. ToMy He TiIbKM BeJIMUKHA IIBUAKOCTI MpetLie-
cii, a HaBiTh 1 HANPAMOK € JIy’Ke YyTIUBUMH JO Ta-
paMmeTpiB, IO BU3HAYAIOTH piBHOBAry rwiasmu. L{u-
MU TIapaMeTpaMu € BUIOBXKEHICTh k Tepepisy maz-
MU, BeJWYMHU W mpodini 3amacy cridikocti ¢ (i,
BIJIMIOBIIHO, MAarHITHOTO LIMPY § ) 1 TUCKY p Ta Be-
mmunnra B [3]. Kpim Toro, mBHAKICT mperecii yac-
TUHKH 3pocTac 3 ii eHeprieo £ .

Teopis, Buxiiagena B po0oTi [3], moOymoBaHa [ist
IBOX TIPAaHMYHUX BUINAAKIB: JUIsI YaCTUHOK 3 TOH-
KUMH OpOiTaMH B TOKaMakax 3 KpyTJIM IepepizoM i
HEHYJIBOBHM MArHiTHHUM MIMPOM 1 AJisi Oe3MMpoBUX
BHJIOBKEHUX KOH(irypamiii. Bussmimocs, mo Teope-
TAYHI ySABJICHHS IIJIKOM 3aJI0BITLHO Y3TODKYIOTHCS
3 pe3ylbTaTaMH YUCIOBOIO MOJEIIOBAHHS, MPOBE-
neHoro i3 3acrocyBaHHiIM KoaiB GYROXY [4] Ta
ASCOT [5].

BuBuenHs mpetiecii y 3aranbHOMY BUMAJKy, TOO-
TO 11 KOHQIrypauiidi 3 BHIOBKEHHM Iepepi3oM i
CKIHUEHHUM MAarHITHAUM MIAPOM, OyJI0 3IiHCHEHO
YHCENBHO.

XapakTepHy 3aJIeKHICTh OOYMCIIEHOI 3HEpo3-
MmipeHoi mBuaKocTi nperecii & Bix eweprii £ mo-
Ka3aHO Ha PHCYHKY.

Bona mae Burisin napabony, sik i nependavae te-
opist [3] mist KoH(DIrypariit 3 KpyTranuM mepepizom, 3
Mailke T'OpU30HTAJIBHOIO BICCIO, IELI0 HAXUIEHOO
JOHWU3Y Y BHUIIQAKY AOJATHOTO IIUPY § 1 JOTOPH Y
BUTIAJKy BiJ’€MHOTO, MPUUOMY BEPXHI T'iJIKH Tapa-
00J1 BiJIIOBIIal0Th YaCTHUHKAM, iH)KEKTOBAaHUM Y Ha-
MPSIMKY €JIEKTPUYHOIO CTPYyMYy, & HW)KHI — INPOTH
crpymy (npu mmpi §<0 HaBmaku). [Ipu 3pocranHi

BHJIOBXEHOCTI k , TO-TIepIe, TOBIUMHA IapaboIu

3MeHIIyeThes y k° pasis, mo-upyre, ycsa mapabona
3CYBa€ThCS JIOTOPH, IO SKICHO BiJMOBimae mependa-

[IIOPIYHUK - 2010

yeHHSM Teopil [3] ansg BUIOBXKEHHX Oe3MIMPOBUX
KoHirypamii. Lleit 3cyB, BenmuunHa SKOTO 3aJI€KUTh
Bil yCiX MapameTpiB, IO BHU3HAYAIOTH PIBHOBATY
wiasMy, Oyyno o0paxoBaHO Ui OCUTH IIHPOKOTO
HaOOpPy pIBHOBaXXHUX KOH(ITYypamiif; 1isi HbOTO T0-
OymoBaHi HTEPIOJIiHHI GopMyIH, MO A€ 3MOTy
00YHCITIOBATH HOT0, @ TAKOXK 1 IIBUKICTH HpeLecii B
iIOMy AJ1S1 Pi3HOMaHITHHX OCECHMETPUYHUX KOH-
(hirypariiii B okoxi pamiaabHOI KOOPAWHATH 13 3ara-
coM crifikocti g=1.

4 —

\(**2 = 1

kci

-6 \ \ \

0 1000 2000 3000
E, keB

BanexuicTe 3HEpo3MipeHoi mBuakocTi npenecii £ Big
eneprii £. XXupHi niHii BignoBigarote Teopii [3] mis BU-
MaJIKy KPYTIIOTo Tepepily, JKUPHI TOUYKH — OOUNCICHHIM
JUIs L(bOTO K Tepepisy (k = 1) i s nepepizy 3 BUIOBKeE-
mictio k=+/6 .

1. A.A.Tanees, P.3. Carnees, Bompocsl Teopuu mnas-
MeI, 7,205 (1973).

2. Ya.l. Kolesnichenko, V.V.Lutsenko, V.S.Marchen-
ko, and R.B. White, Phys. Plasmas 14, 012504 (2007).

3. Ya.l. Kolesnichenko, R.B. White, and Yu.V. Yako-
venko, Phys. Plasmas 10, 1449 (2003).

4. M.H. Redi et al., in Proc. 29" EPS Conf. Montreux,
2002, Plasma Physics and Controlled Fusion, Euro-
phys. Conf. Abstr. 26B, CD-ROM file P.1-081 (2002).

5. S. Sipila, Monte-Carlo simulation of charged particle
orbits in the presence of radiofrequency waves in to-
kamak plasmas (Espoo, Finland, 1997).
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SPLITTING OF THE m=n=1 MODES IN HYBRIDS WITH qux<1
V. S. Marchenko, S. N. Reznik

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

It is well known that long duration of the dis-
charge in fusion relevant plasmas requires high
bootstrap fraction, which inevitably leads to the
safety factor profiles with a weak or reversed mag-
netic shear in the central core.

Sometimes in such plasmas the off-axis mini-
mum of the safety factor, ¢,.;,, drops below unity,
while on axis go ~ 1 (the latter property attributes
these plasmas to the broader class of the so called
“hybrid” discharges, which have attracted much at-
tention in tokamak research during last years [1]).
Appearance of the two g = 1 surfaces is often ac-
companied by the frequency splitting on different
diagnostics of the (1, 1) activity [2, 3]. Such splitting
is a manifestation of a simultaneous excitation of the
two possible eigenmodes, first noted in Ref. [4]. The
purpose of the present work [S] was to calculate the
frequency splitting in plasmas with sheared toroidal
rotation, and to reveal the doublet instability domain
in a parameter space.

The final expression for the frequency splitting is
given by

Aw/TO
0.6 -1

0.5 -

0.4 -

0.3 -

0.2 -

0.1 -

0.0 T T T T T 1

Dmin

Fig. 1. Frequency splitting versus ¢,
for various r,,;,/00 and gy = 1.2.

In summary, the m = n = 1 double-eigenmode in-
stability in tokamak plasmas with g¢,,;,<1 but go>1
has been investigated. The doublet instability do-
main in the parameter space has been established
under assumption of subsonic rotation, and fre-
quency splitting induced by rotation shear has been
calculated. The obtained results can explain splitting
in hybrids with reversed magnetic shear, which was
observed in real experiments [2, 3].

(a)Tl _C‘)Tz)(X12 _Xzz)
(5,X7 +5,)(5,X; +5,)

Aw=s,s,

)

where @, is the toroidal rotation frequency at r;;

with g(riz) = 1 and r>r, s12=1|r2 ¢’ 12|, and
X=¢,/&,-1 with & (&,)the amplitude of the

“top hat” radial displacement in the interval [0, 7]
([r1, 72]). The eigenmode structure parameters X,
for the two possible eigenmodes are determined by
extremization of the growth rate with respect to X.
Frequency splitting normalized to the on-axis ro-
tation frequency is shown in Fig. 1 for parabolic
pressure and rotation profiles. For smaller r,,;, with
q(Tmin) = qmin splitting persists at lower values of
Gmin, but variation with g, is stronger for larger 7,,;,.
Splitting for various ¢g¢ and r,;,/a = 0.4, with a the
minor plasma radius, is shown in Fig. 2. When
q, —1+0, the range of the splitting variation is

limited due to appearance of the second doublet sta-
bility at large ¢,,;,.

Aw/TO
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: ND =1.05
0.25
0.20
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Fig. 2. Frequency splitting versus ¢,
for various ¢, and r,,;,/o. = 0.4.

This work was carried out in the framework of
Project No. 4588 of the Science and Technology
Center in Ukraine.
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SYMPLECTIC SIMULATION OF FAST ALPHA PARTICLE IN TOKAMAK
IN THE PRESENCE OF TF RIPPLES AND NEOCLASSICAL TEARING MODE

M. Khan', K. Schoepfl, V. Ya. Goloborod’ke'?, V. O. Yavorskijl’2

! Institute for Theoretical Physics, University of Innsbruck, Association EURATOM-OEAW, Innsbruck, Austria;
? Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

A Hamiltonian guiding centre drift orbit code
based on symplectic integration algorithm; that al-
lows the efficient calculation of particle trajectories
and diffusion coefficients Dj; is applied to fast alpha
particles in magnetically perturbed tokamak plasma.
In particular, fast ion drift motion in the presence of
a steady state, low mode-number MHD magnetic
perturbation in a toroidally rippled tokamak is exam-
ined [1, 2]. The main focus of our study is to inves-
tigate dependence of the radial diffusion coefficient
D, for energetic ions, on their energy, on the per-
turbation strength and localization of the perturba-
tion [3, 4]. The radial transport coefficient for a
given starting toroidal phase mainly has higher val-
ues in the neighborhood of the resonance velocities
and local minima in the vicinity of resonances, i.e., it
has M-shaped velocity dependence in ripple pertur-
bation as presented in Figure. However the average
value of D, over the starting toroidal angle does not
result in the M-shape structure for the ripple strength
less than some characteristic value, which is in
agreement with recent studies [Mimata ef al., Plasma
and Fusion Research 4, 008 (2009), Yavorskij et al.,
Nucl. Fusion 50, 084022 (2010)]. We found that Dy,
is proportional to square of the ripple magnitude in
the non-resonance regions, whereas in the vicinity of
resonances it has approximately &°° dependence.
The addition of modeled low mode number NTM
perturbation causes the modification of the ripple
resonance structure for D,,. It is also found that in
the presence of MHD activity the dependence of the
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transport coefficient on the velocity is approximately
v>*[5]. Depending on the strength and localisation
of the MHD mode it can cause the enhancement or
degradation of the ripple diffusion coefficient.
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Velocity dependence of the diffusion coefficient for
rippled plasma without any NTM activity, for different
ripple strength, the ripple resonance level shown here are
1=2,...,6.
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Nucl. Fusion 50, 084022 (2010).
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Sci. 357, No. 1752, 493 (1999).

5. S.J. Zweben et al., Nucl. Fusion, 40, 91 (2000).
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EXCITATION OF AN ANNULAR HELICON PLASMA SOURCE

N. A. Beloshenko, K. P. Shamrai

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

Helicon sources can efficiently produce dense
plasmas and, thus, are promising for plasma
propulsion in space. At the moment, there are
several concepts of helicon plasma thrusters. One of
them implies a direct usage of the source for
producing an emergent ion beam with its
acceleration by a thin current-free double layer [1],
or by an extended potential drop arising due to
magnetic isolation of electrons in the source [2].
Another concept assumes a helicon source as a pre-
ionization stage for the Hall-effect thruster (HET)
[3]. In the latter case, the helicon source should be
geometrically adjusted to the HET; i.e., be annular in
shape in the transverse cross-section.

As distinct from conventional (or standard) circu-
lar sources, the annular sources were examined only
occasionally. In particular, their theoretical examina-
tion was hitherto restricted to the eigenmode analy-
sis [3]. We present the computation results on the rf
power absorption in the annular helicon plasma ex-
cited by the azimuthally symmetric (m = 0) antennas
of two types.

The conventional and annular sources are shown
schematically in Fig. 1. In the first case, the plasma
fills up the whole space inside a cylindrical
dielectric chamber, and the fields are excited by an
outer antenna enveloping the chamber. In the
annular source, the plasma is confined between two
co-axial dielectric cylinders, and the fields are
excited by an antenna which may be located either
outside or inside, as shown in Fig. 1.

Electromagnetic fields are described by the
Maxwell equations with an external (antenna)
current. The plasma permittivity tensor is taken in a
cold-plasma approximation but with particles
collisions included. The algorithm for solving the
problem is similar to that proposed earlier for the
conventional source [4]. The antenna current density
and the electromagnetic field components are
represented as superpositions of the longitudinal
normal modes. Solutions to the Maxwell equations
are found for each of the normal modes in the three
radial regions (i.e., in the inner vacuum region, in
the plasma one, and in the outer vacuum one), and
are then joined at interfaces of these regions using
continuity of all transverse field components, except
for the rf B, field which is discontinuous across the
surface of antenna location. After calculating the
fields, the antenna loading resistance and the rf
power absorption profiles can be computed.
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Fig. 1. Schemes of the conventional and annular helicon
sources. Antennas are shown as arrowed ellipses.

The electromagnetic fields and rf power
absorption were computed for the annular source
excited by either outer or inner antenna, and results
were compared with the conventional source of the
same dimensions. The antenna resistances for the
three cases are shown in Fig. 2. In the annular
source, the efficiency of power absorption with the
outer antenna is higher than with the inner one, and
is of the same order as in the conventional source,
but smoother. The latter effect results from the fact
that the resonance properties of the annular source,
as with regard to the excitation of various axial
modes, are reduced as compared with those of the
conventional source.
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Fig. 2. Antenna resistance as a function of plasma density.
Computation parameters: inner and outer plasma radiuses
5 and 12 cm, respectively; plasma column length 50 cm;
antenna distance from the source end 27 cm; driving
frequency @27=6 MHz; magnetic field 500 G; argon
pressure 1 mTorr; electron temperature 4 eV.
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2. V.F.Virko, Yu.V.Virko, V.M. Slobodyan, and
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ENHANCED PLASMA PRODUCTION AND THE WEIBEL INSTABILITY IN AN ICP

A. L. Kobza'?, K. P. Shamrai'

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
? Faculty of Physics, Taras Shevchenko National University, Kyiv

Inductively Coupled Plasmas (ICPs) are efficient
tools for dense plasma production and, thus, are ex-
tensively used in modern plasma technologies [1].
The rf power is deposited in the ICPs via a skinning
electromagnetic field driven by an external planar
antenna. This nonuniform skinning field stimulates a
stochastic heating of plasma electrons that can even
dominate over a conventional Ohmic heating [1, 2].
The distribution function of stochastically heated
electrons is apparently nonequilibrium, which can
give rise to various instabilities. We have computed
the distribution functions under various heating con-
ditions, and evaluated the growth rates of the
Weibel-type instability that results from velocity-
space anisotropy of the distribution.

We considered a simple model of a semi-
bounded plasma. The rf electric field is maximum at
the boundary, E,, and decays exponentially into
plasma over the skin length o. Plasma electrons ar-
rive from the bulk plasma to this layer, interact with
the transverse rf electric field, and go back to the
plasma bulk being reflected either by the rf field or
by the boundary surface. The computer algorithm
for finding the electron distribution was the follow-
ing. An electron, which has certain initial transverse,
vio, and longitudinal, vy, velocities, and an initial
position zy >> ¢, is launched towards the boundary.
The final transverse velocity of the electron, v,, is
computed after its passage through the layer, at the
instant ¢ = 2zy/vjo. The electron distribution function
is determined by an ensemble averaging over both
vy and initial rf field phases.

A typical distribution of the reflected electrons
on transverse velocities is shown in Fig. 1, along
with the initial Maxwellian distribution. As seen, the
electrons gain substantial transverse energy from the
rf field, and their distribution is close to, though not
the same as, the Maxwellian, with the mean trans-
verse energy £ > 1.

Stochastic heating apparently increases the
plasma production in the discharge. The ionization
frequency, Vv, =n,<o0,v>, was computed for

heated electrons and compared with that for the
Maxwellian electrons. For an argon plasma of den-
sity

1 x 10" ecm™, at a neutral pressure of 1 mTorr and
the field strength £, = 10 V/cm, it was found that
stochastic-to-Maxwellian ionization frequency ratio
is 5.9.
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Fig. 1. The velocity distributions of stochastically heated
and Maxwellian electrons.
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Fig. 2. The growth rate of the Weibel instability
as function of the wave number.

Anisotropy of the distribution of stochastically
heated electrons in velocity space can give rise to the
Weibel instability; its growth rate is shown in Fig. 2.
Electron collisions reduce the growth rate and shrink
the k-band of the instability existence. Apparently,
this instability can arise provided that its growth rate
exceeds the electron-electron collision frequency, so
that the electrons have no time to relax to Maxwel-
lian. This is possible if £, and, thus, the temperature
anisotropy are high enough.

In conclusion, the stochastic electron heating in
the ICPs can increase considerably plasma produc-
tion in the discharge, and give rise to the Weibel
instability, if the growth rate of the latter exceeds the
electron-electron collision frequency.

1. M.A. Lieberman and A.J. Lichtenberg, Principles of
plasma discharges and material processing (Wiley,
New York, 1994).

2. 1.D. Kaganovich et al., Plasma Phys. Control. Fusion
51, 124003 (2009).
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BII/IMB OBEPTAHHS IVIABMHA HA I'BUHTOBI KOJIMBAHHA
OUJIHAPUYIHOI'O INIHYA 3 MAJIUM 3AIIACOM CTIMKOCTI

A. A.T'ypun

Incmumym si0eprux docnioncenv HAH Yrpainu, Kuig

CrekTpu TBUHTOBHX KOJHWBaHb IJIa3MHU Z-TIIHYIB
IHEHCHBHO JIOCIIKYIOTHCSI TIPOTSITOM yChOTO Hacy,
KOJIM TIOCTasa mpo0iieMa yTpUMaHHS rapsdoi Iiaz-
MU THTEHCHBHHUX PO3psAiB. YTeplie KpaiioBa 3a1a4a
JUISL aMILTITYl TBHHTOBUX KOJIMBaHb HEPYXOMOI PiB-
HOBaXXHO{ 1/1eaTbHO]I IIa3MH MIJTIHAPAYHOTO TTiHYa 3
JOBUIbHUMH KOMITOHEHTAMH MAarHiTHOT 1HIYKIIT
(0,By(r),B,(r)), Oyna cpopmynboBaHa Il B ITOTOKa-
MayHy ernoxy [1]. ¥ pamkax (i3uku TopoimaibHHX
pPO3pSAAIB CHEKTpalbHA MpodiieMa 3a3Haia Po3raiy-
KEHUX y3arajibHeHb 30KpeMa, OCTAaHHIMU POKaMH
3arocTpuiiach MpodiemMa BpaxyBaHHS pyXy IUIa3MHU
npu Bu3HaueHHi ii MI'Jl xonmBanbs. BimmoBa Bing
YSIBJICHB MPO HEPYXOMMIA CTaH IJIa3MU BUMAarae Biji-
MOBi/Ii HA JiBa MUTAHHS: SKAM SBHUM YWHOM IIBUJI-
KIiCTB TipOAMHAMIYHOI TeYii TO3HAYAETHCS Ha CIIEK-
TpaJbHIA 3afadi Ta SKUX SIBHUX BHPa3iB MOXYTb
Ha0yBaTU KOMIIOHCHTH Ili€l IIBUAKOCTI. Y MdaHid
po0OTi JaeThbcs 3aralibHa BiATIOBIAL HA TEpIIE IH-
TaHHS MIOAO BpaxyBaHHS MOBUTPHUX IIBHIKOCTEH
MOJIOTAAIBHOTO Ta TOpoinansHOTo odepTans (0, Vy(r),
V7)) y cnekTpanbHii Teopil HHIiHIAPUIHOT TIIa3MH.
Huniagpuane HaOIMKEHHS NMPUHHATHE ¥ 111 po3-
[Ny MOJ KOJHMBAaHb 3 BHCOKHMH TOPOINaTbHUMU
YHcIaMu B TOpoinanbHii minasmi. Came Takuii npu-
KJIaJ, 0 CTOCY€EThCS MiHYIB 3 BUCOKHM CTPYMOM M
MajJuM 3amacoM CTidkocTi (“miHYiB 3 OOEepHEHUM
noJieM”), PO3TIISLIAETHCS Il HA OCHOBI y3arajabHe-
HOTO aJTOPUTMY BHU3HAYEHHS BJIACHUX TBHHTOBHX
MOJ THITy “KiHKiB” Iia3mu, mo oOepTaerbes. st
[BOTO BUMAJIKy MH IOJJAEMO MOJENb OOEpTaHHS
TUIa3MH, TEHEPOBAHOTO BIACHHMHU KOJUBAaHHAMH U
MiITPAMYBAHOTO 3ITKHEHHSIMHU.

Hudepenuiitna npodnema Xeiina - Jlocra [1] 3
ypaxyBaHHSIM JOBUILHOT'O JBOKOMIIOHEHTHOTO 00ep-
TaHHS IU1a3MU HaOyBa€ BUTIISY:

LDt S (14D, +7°0()E =0,
D,=N&*-F*, F =kB,(r)-mB,(r)/r, (1)
D,=Na*(B* +yP)-yPF?,

D =r*(Na™*) —(kr’ +m2)Dp,

&(r) — panianbHe 3MIlEHHS 1a3MH, BU3HAUCHE Ye-
pe3 JAomiIep-4acToTy B alb(BEHIBCHKIM MLIKai,
OVi(r,0,2) = —iw Eexp[-i(wt-k.z+mb)], o' =w-
-k VA(r) + mVy(r)r, N(r). P(r)=poN'— rycruna i
TUCK mna3mu. PiBHsHHA (1) 30epirae ctpykTypy [1]
B MpEJICTaBJICHHI, ITOJaHOMY B [2], i HaBiTh BHpa3n

Ul BCiX KoediuwieHTiB D nuine 3 ypaxyBaHHSM J0-
TUIepiBChKOT 4acToT @’. ['0J0BHI BiIMIHHOCTI CTO-
CyloThCs “moTeHmiany” (, skuii HaOyBae BUTIISTY
nojiiHoMa 4-ro TOPSAKY Mo Vg 3 pallioHaTbHUMHU
070 @ KoedillieHTaMu.

Po3B’s3ytoun npooitemy (1) 3a ymosu &(1) = 0 mst
BiZIOMOi IIapamMarHiTHOi MoJieni piBHOBaru Audys3iii-
HEX TiH4iB, TotB = (aB + B - )/B* (a = B,
0o = 4, f TIOB’s3aHe 3 THCKOM 3BUYAHUM YHWHOM),
MO)XKHa OOYHCIUTH IHKPEMEHTH W pamiaibHi MOIHN
kiHka m = 1 3a BigcyTHOCTI obOepranns. ami, Qik-
cytoun ammiuityay &(0), a tum camum dVy(r) Ta
OV,(r), MO>kKHA BU3HAYUTH BenuanHH Vy(r) it V,(r) Ha
OCHOBI pPiBHSIHb PIBHOBAaru IUIa3Mu, YCEpPEAHEHHUX MO
0, y HabmmwkenHi V;= 0 ta ON << N, 3 ypaxyBaHHIM
TalbMIiBHOT CHJIM BHACHINOK 3iTKHEHb PE3€HOCHOI
nepe3apsiK 10HIB y BIacHOMY Ta3i (MaeMo Ha yBa3i
MIPOCTY BOAHEBY ILIa3MY):

1d,
=" (N{(&V,6V,)—(6B,6B,)) =V, NV,,

-
lir1\f(<§V,§V_> —(6B.6B.)) =V, NV..
rdr ) ) ’
3a 1i€o MOJEIUIIO Ta AITOPUTMOM po3B’s3Ky (1)
00paxoBY€EThLCS BILTUB 00epTaHHS HA IHKPEMEHTH:
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Takum 4rHOM, Ha TPUKJIAI TTAPAMarHiTHOTO ITiH-
ya 3 MaJMM 3aracoM CTIHKOCTI B “KBa3i-OJTHOMO-
JIOBOMY PEXHMi”’, CIIOCTEPEKEHOMY eKCIepHUMEH-
TaJbHO B MiHYl 3 00EPHEHUM MOJIEM, 3alPOIIOHOBA-
HO MOJEJb caMocTabumi3amii CHJIbHOT TBUHTOBOI He-
CTIMKOCTI TiJl BILTMBOM OOEpTaHHs IUIa3MH, TE€HEPO-
BAHOT'O I[UMH KOJIMBAHHSIMU.

1. K. Hain, R. Liist, Z. Naturforce 13, 936 (1958).
2. J.P. Goedbloed, Phys. Fluids 15, 1090 (1972).
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GENERATION OF AZIMUTHONS BY PHASE IMPRINTING
IN BOSE-EINSTEIN CONDENSATES

V. M. Lashkin', E. A. Ostrovskayaz, A. S. Desyatnikovz, Yu. S. Kivshar®

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
? The Australian National University, Canberra, Australia

We consider a condensate at zero temperature
confined in an axisymmetric harmonic trap. The
dynamics of the condensate is described by the two-
dimensional nonlinear Gross - Pitaevski equation
(GPE) for the corresponding wave function. We
consider the repulsive interaction. Two well-known
examples of nonlinear solutions of the GPE are vor-
tex solitons and fundamental solitons. The link be-
tween vortices and soliton clusters was established
with the introduction of spiraling solitons called op-
tical azimuthons [1]. Azimuthons appear via con-
tinuous azimuthal deformations of a vortex soliton
and are characterized by two integer indices: the
topological charge /, and the number of intensity
peaks along the vortex ring. It was demonstrated
numerically [2 - 4] that the family of nonrotating and
rotating BEC azimuthons is continuously pa-
rametrized by the angular velocity or, equivalently,
by the depth of azimuthal modulation of the conden-
sate density.

In this paper, we introduce a novel class of azi-
muthons with odd number of peaks and demon-
stratee how they can be generated by the so called
phase imprinting method. One can find a set of
various solutions. We will characterize them (in
addition to the nonlinear frequency shift and the
rotational frequency by two positive integers k and /
and denote the corresponding structure as (-k; /) (for
definitness / > k). The general rule is: the structure
(azimuthon) has &+ peaks and k—+/+1
singularities in the phase with & + / singularities on
the periphery with the charge m = 1 and one
singularity at the center with the charge m = jk so
that the total topological charge is mtot =k +1[-k=1
(alternatively, the structure can be characterized by
the topological charge mtot = [ and the number of
peaks N = k + [). Existence domains on the plane
(nonlinear frequency shift, rotational frequency) for
various (-k; /) azimuthons are presented in Fig. 1. An
example of the amplitude of the corresponding
solution and the phase is shown in Fig. 2. The
bifurcation points (i.e. corner points in Fig. 1) are in
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perfect agreement with analytical expressions. The
phase imprinting method allows generating the solu-
tions from the fundamental soliton with the step-like
phase.

0.5 0 0.5 1 1.5 2

Fig. 1. Existence domains for azimuthons (inside the cor-
responding curves): / — 2-peak with (-1,1); 2 — 4-peak
with (-2,2); 3 — 3-peak with (-1,2); 4 — 5-peak with (-2,3);
5 —4-peak with (-1,3); 6 — 5-peak with (-1,4).

Fig. 2. 5-peak azimuthon (the amplitude and phase) with
(-2,3). It is seen 6 singularities: 5 on the periphery with
the charge m = 1 and 1 singularity at the center with
m=-2.

1. A.S. Desyatnikov, A.A. Sukhorukov, and Yu.S. Kiv-
shar, Phys. Rev. Lett. 95, 203904 (2005).

2. V.M. Lashkin, Phys. Rev. A 77, 025602 (2008).

3. V.M. Lashkin, Phys. Rev. A 78, 033603 (2008).

4. V.M. Lashkin, E.A. Ostrovskaya, A.S. Desyatnikov,
and Yu.S. Kivshar, Phys. Rev. A 80, 013615 (2009).
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TRANSFORMATION PROCESSES
IN MAGNETIZED INHOMOGENEOUS PLASMA WITH PUMP

V. N. Pavlenko, V. G. Panchenko

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

The theory of the transformation and scattering of
electromagnetic waves in plasma was developed in
[1]. Notice must be taken that the study of wave
transformation and scattering is an important method
for laboratory and space plasma diagnostics.

The transformation of transverse electromagnetic
waves into longitudinal Lagmuir oscillations in tur-
bulent magnetized plasma subjected the influence of
lower hybrid pump is investigated in [2].

In the present paper [3] on the base of kinetic
theory fluctuations the transformation of longitudi-
nal Langmuir wave into the transverse electromag-
netic wave in magnetized inhomogeneous plasma is
studied. Diffusion coefficient is obtained when the
drift waves are excited by lower hybrid pump. The
intensity of transverse wave’s radiation from turbu-
lent plasma is calculated.

We start our consideration from

dzlat

1 eZ (()/4 N
~—(—5) ' —N<én}>,,,da'dO.(1)

2r me” @,

In formula (1) the multiplier NV is presented in [1], and

<on’ >,

7.0018 the correlator of the electron density.

The plasma inhomogeneity is defined by an ex-
ponential density gradient when the distribution
function is proportional to exp («y), where

a=(/ny)(dn,/dy)is the plasma inhomogeneity
parameter. We suppose that the plasma is subjected
to a magnetic field EO = B,z and a pump wave elec-
tric field E, = E,ycosayt .

We study the case when the pump frequency @,
lies in the
@, ~ @y = @y, (1+(m; / m,)cos’ 6)

hybrid frequency region
", = ®,, Here

lower

®,, 1is the Langmuir frequency of particles of type

o
a,a=e,iand @ is the angle between the direction
of wave propagation and the magnetic field.
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Consider the pump wave decay into lower hybrid
), and electron drift wave @),

W, =y +@),. 2)

The threshold for such instability is given by [4]

2 _ Sa)ng?/lkVD(krDe)z
th — 2 . (3)
(k.c)

After straightforward calculations in the region
above instability threshold , i.e. at £, > E, we have
e L, (' tw,)

d +
Zl—n :( 2) - NX
do mc w

pe

et UL
27’ (gry,)° . T, Vo

2 2 2
qT +%1Ta)

where u~E;.
Let estimate the expression (4). For typical hot
plasma  parameters 7, =5KeV, B, =50kG,

n=10"cm” we have x#~10". We may suppose
also that gr,, ~10"" and @, /y, >10. Hence the

estimates show that the main contribution to the
transformation coefficient is given by term depend-
ing on the pump wave amplitude, which can become
much greater than unity. Note also that in this case
the transformation coefficient is essentially depend

on the density gradient (d inf o).

1. A.IL Akhiezer, I. A. Akhiezer, R. V. Polovin et al.,
Plasma Electrodynamics (Pergamon, Oxford, 1975).

2. V.N. Pavlenko and V.G. Panchenko, Physica Scripta
81, 065502 (2010).

3. V.N. Pavlenko and V.G. Panchenko, Physica Scripta
(submitted for publication).

4. V.N. Pavlenko, V.G. Panchenko, L. Stenflo,
H. Wilhelmsson, Physica Scripta 45, 616 (1992).
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OI3UKA ITIAZMU

TWO WAYS TO FIND SYMMETRIES OF THE KINETIC PLASMA THEORY MODELS

V. B. Taranov

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

Continuous symmetry transformations for the
hydrodynamic plasma theory models based on the
systems of partial differential equations can be found
by the standard Maple 14 programs. For the integro
differential systems of the kinetic plasma theory, no
general algorithm allowing us to find symmetries
exists, but some different ways were proposed [1].
First, we can consider the corresponding infinite sys-
tem of partial differential equations for the particle
distribution functions, as it was done, for example,

in [2] for the spatially 1D collision less electron
positron plasma oscillations. Second possible way to
find kinetic model symmetries was used in [3] for
the generalization of the results of [2] to the spatially
3D case. By the use of the standard Maple 14 pro-
gram, symmetries of the cold plasma limit system of
partial differential equations were found and corre-
sponding kinetic theory symmetries were deduced.
The present stage of the symmetry finding problem
is presented in the following table:

Hydrodynamic models:
Partial differential equations

Kinetic models:
Integro differential equations

Symmetries via the usual Lie algorithms.

1. Symmetries deduced from the symmetries of an infinite
system of partial differential equations for the moments of
distribution functions

Maple 14 standard programs allow us to find sym-
metries for spatially 1D and 3D models

2. Symmetries deduced from the symmetries of the cold
plasma limit partial differential equations.

Maple 14 standard programs allow us to find symmetries
for spatially 1D and 3D models

Cold plasma limit of the kinetic theory means
that we look for solutions with particle distribution
functions being sharp in velocity space. For exam-
ple, in the electron — positron plasma case they are
as follows:

f.p= 0y (L )O(V - U, (1))

So, kinetic Vlasov - Maxwell model is reduced to
the system of partial differential equations for the
densities n_ (t,r), main velocities u,(t,r), elec-

tric and magnetic fields E(t,r), B(t,r). Cold

plasma limit is, as usual, the most symmetric form of
the kinetic model, so we can expect that the trans-
formations deduced from the cold plasma symme-
tries exhaust the full symmetry group of the consid-
ered kinetic integro differential Vlasov - Maxwell
equations.

Different spatially 3D hydrodynamic and kinetic
models were considered in the above described
ways. Symmetry transformations were found for
cold, water — bag and isothermal hydrodynamic as
well as fully kinetic models.

Some additional extensions of the usual Lie point
symmetries can be obtained [4] if we add to the sys-
tem considered physically reasonable and mathe-
matically compatible additional conditions (the
manifold of solutions became more symmetric in
this case —conditional symmetries). Otherwise, if we

IIIOPIYHUK - 2010

weaken some integral conditions, the manifold of
solutions is also extended and can be more symmet-
ric (extended symmetries [4]). This fact is illustrated
by the following symbolic Figure:

conditional

1. Y.N. Grigoriev, N.H. Ibragimov, V.F. Kovalev, and
S.V. Meleshko, in Lecture Notes in Physics, (Springer,
Dordrecht, 2010), p. 806

2. V.B. Taranov, Problems of Atomic Science and Tech-
nology 1, 63 (2007).

3. V.B.Taranov, in Proc. of the 6" Int. Conf. ‘Electronics
and Applied Phys.’, Kyiv, 2010, p. 160.

4. V.B. Taranov, SIGMA, 4, 006 (2008).

5. http://www.emis.de/journals/SIGMA/2008/006/
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AHOTALIIl POBIT

KOJIAIIC IBOBUMIPHUX BEKTOHHX COJIITOHIB VY IIJIA3MI

0. I. SIxumenxo'?, O. O. Ipuxoanko’, C. M. BitsunncsKuii®

7 . . .
ITncmumym adeprux docnioxcens HAH Yrpainu, Kuig
2 . . . . . .
Hayionanvnuii ynigepcumem imeni Tapaca llleeuenxa, Kuis

[IpocTopoBi coiTOHN — JOKaNi30BaHi B IPOCTOPI
XBHJIOBI CTPYKTYpH, IIO MOXYTb iCHYyBaTu SIK pe-
3yapTar OajaHcy MDK JHIHHUM JU(pPaKIiifHAM
PO3IUIMBAaHHAM 1 HENHIMHMM caMO(OKyCyBaHHSIM.
JBOBUMIpHiI CONTOHM BHHMKAIOTH y IUIa3Mi B pe-
3yJbTaTi CTAL[iOHAPHOIO caMO(OKYCyBaHHS MOTYX-
HUX JIa3epHUX MYy4YKiB. SKmio 6 BHamoce TpuBaIuid
Yac MiATPUMYBaTH 3HAYHUN TpPaji€eHT MOJs, IO
YTBOPIOETHCSA Ha I'PaHMLI IHTEHCHBHOTO CaMOY3ro[-
XKEHOr0 XBWJIBOBOT'O KaHaly, TO L€ Jajio O 3Mory
CTBOPUTH KOMIIAKTHHUI MPHUCKOPIOBAY 3apsHKEHUX
yacTuHOK [1]. Ha anp, y Bunagky camogokycyto-
4Oro HENIHIHOTO cepemoBHIa IBOBUMIPHI COJIITO-
HA € HECTINKUMHU: BOHH a00 PO3IUIMBAIOTHCS, ab0
KOJIAIICYIOTh, SIKIIO MOTYXHICTh Iy4YKa MEPEBHUILYE
Jiesike IOPOTrOBE 3HAYCHHS.

VY pobori [1] 3anporoHOBaHO BUKOPUCTOBYBATH
XBWJIBOBUH IMy4OK Majioi iHTCHCUBHOCTI IS MIPHU3Y-
MUHEHHS KOJancy OilbIl MOTYXHOTo myuka. [Ipu
IIbOMY B3a€EMOJIiS MDK ITydKaMH TTOBHHHA OyTH Iie-
(hOKOCYI0YOI0, 1110 3yMOBJICHO PE30HAHCHUM XapaK-
TEPOM B3a€EMOJIi MK JTa3epHUMU ITyYKaMH Bij pi3-
HHUIIl YaCTOT: SKIO PIZHUIT YaCTOT HAOIMKAETHCS
JIO TIJIa3MOBOI €JIEKTPOHHOT YaCcTOTH, 3HAK HEIIHHOT
KpOcC-B3aeMoIii 3MiHIO€ 3HaK. B pobori [1] 3pobiene
nepenOaueHHs cTabimizamii Kojamncy IOTYXHOTO
HAJIKPUTUYHOTO JIa3epHOTO Ta ICHYBaHHS CTIHKOi
napu BEKTOPHUX COJITOHIB HAa OCHOBI CIIPOIIEHOL
akcialbHO-CUMeTpUIHOi Mozem. B po0oTi [2] Hamu
JOCIIXKEHO MOXIIUBICTh CTa0imi3amii BEKTOPHOI ma-
PY COJIITOHIB Ha OCHOBI OUIBIN 3araJibHOI MOJIENI,
mo 0asyerbcs Ha cuctemi (2 + 1)-BEUMipHUX Heli-
HiitHux piBHsAHB [lproginrepa 3 camodokycyroUor
HE JIHIAHICTIO B KOXHIi KOMIIOHEHTI Ta KpOC-
NehOKyCyI0YOI0 HENHIHHICTIO MK KOMIIOHEHTaMH:

oY
i—a Li(A, +|V,[ +o| P, )Y, =0,
zZ

oY
aZZ + (A, +o|¥, [+, [)¥,=0,

i

ne o < 0 — e mapameTp Kpoc-B3aeEMOJIII.

Hamu Oymo nociimkeHo OCHOBHI BIAaCTHBOCTI Ta
CTIMKICTh CTalliOHAPHUX BEKTOPHHX COJITOHIB.
CTpykTypH, 1m0 AaOTh HaHOiIbIIE CIOAIBaHb Ha
CTilfiKe TIOUIMpPEHHS - 1€ XBWJIBOBI MAKETH, B SKHUX
HagkputuaHa (N > N;;) KiTblileBa KOMIIOHEHTa YTBO-
PIO€ MACTKY JIJIS CBITJIOT HEKOJIAIICYIOUOT KOMITOHEH-
TH 3 MEHIIOK iHTeHcuBHICTIO N < Ny, llpuknamn
TaKuX pO3B’s3KIB HaBeACHO HA puc. | (BcTaBKH A i

Q).

Puc. 1. TToTyxHOCTI myuKiB N 3aJIe)KHO BiJ COJIITOHHOTO
napamerpa A = 5,/ Il KOHCTaHTH 3B’ 3Ky ¢ = -0,3. Ha
BCTaBKaX HaBEICHO NMPHUKIAIN PaialbHUX MPOiTiB co-
JITOHIB.

Jns crabinizamnii moTpiOHO 301IBIINTH IHTEHCHB-
HICTh 1 IMHUPHUHY €(PEKTUBHOI IMOTEHITIATBHOI SMH,
o0 3amo0irTH PO3MIMPEHHIO BHYTPIIIHBOI KOMIIO-
HEHTH. AJie, Ha JKaJib, BUIIIE TIEBHOTO MTOPOTa, I0Yat-
KOBE KUIBbIIE PO3MANacThcsl HA N1Ba (DparMeHTH, IO
PYXalOThCs B LIEHTPA 1 KOJANCyoTh ( puc. 2).

\|)J

z=43

)
1]

g
]

h
N

BN o KRR
.
-
.

v

F S = A
-
-
-
-

Puc. 2. Ilpuknan a3uMyTanbHOI HECTIHKOCTI BEKTOPHOTO
COJIITOHA, L0 PO3IMAAAEThCsl Ha KoJancyoodi QigaMeHTH
(A=0,50=-2).

Takum 4MHOM, HaMH OYJI0 BCTAHOBJICHO MPHUH-
LHUII0BE OOMEXEHHS, [0 HE J03BOJIAE JOCIITH IOB-
Ho{ cTabitizanii BEKTOPHUX COJIITOHIB.

1. S. Kalmykov, S. A. Yi, and G. Shvets, Plasma Phys.
Control. Fusion 51, 024011 (2009).

2. A. 1 Yakimenko, O. O. Prikhodko, and S. I. Vilchyn-
skyi, Phys. Rev. E 82, 016605, (2010).
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OI3UKA ITIAZMU

PENETRATION OF AN RF ELECTROSTATIC FIELD
INTO A MAGNETIZED PLASMA SHEET

T. S. Rudenkol’z, T. Matsuoka3, K. P. Shamrai', 1. Funaki3, S. Shinohara*

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
? Faculty of Physics, Taras Shevchenko National University, Kyiv
3 Japan Aerospace Exploration Agency, Kanagawa, Japan

*Tokyo University of Agriculture and Technology, Tokyo, Japan

The problem of penetration of an rf electrostatic
field into plasma is of interest for development of
capacitively coupled plasmas (CCPs) [1], as well as
of the Lissajous Helicon Plasma Accelerator
(LHPA) in which a magnetized plasma is acceler-
ated by a rotating electrostatic field produced by two
pairs of electrodes rf powered at a 90° phase shift
(like in demonstration of the Lissajous figures) [2].
For both applications, an electric field, as large as
possible, has to be drawn into plasma to produce
efficient heating and/or acceleration. However, a
drop of the applied rf voltage occurring over the
boundary sheaths can reduce considerably the bulk
field. We present an analytic evaluation for the rf
field penetration using a simple model, and compare
the results with those computed with a PIC model.

The following geometry is assumed: a sheet of
neutral plasma (n.=n;=n=const) is placed be-
tween two electrodes that are spaced by L and pow-
ered with the rf potentials +(}72)sinax. The system is
immersed in an ambient magnetic field of strength B
which is parallel to the electrodes. Near the elec-
trodes, there arise the ion sheaths (n; = n, n.=0) of
oscillating widths s, ,(¢) = s, (1F sin ax).

The instant electrostatic potential and electric
field are found by solving the Poisson equation in
the three regions (plasma and two sheaths), and then
applying appropriate joining and boundary condi-
tions. Solution of the equation of electron motion in
this field (ions are assumed immobile) yields the
amplitude of the oscillating sheath which, under
condition << @., is found to be equal

s,=L(a? /4(0,2,) (yJ1+¢ —1), where the parameter
q=8eV /ml’w o nV/L’B*. Under condition
g <<1, the field in plasma, E, ~(1-¢/4)E,, is
only slightly reduced as compared with the vacuum
field, £ =(V/L)sinax, because the voltage drop
across the sheaths is small. If ¢ >>1, one finds
E, z(2/\/;)Ev << E ; ie. the field penetrates
poorly because of strong potential drop.

Typical dependences of the amplitudes of the
sheath width and of the plasma field on the applied

rf voltage are shown in Fig. 1, forn =1 x 10" cm™,
B=100G,L=4cm, and @27x=13.56 MHz.

HIOPIYHHUK - 2010

0.012

Jo.010

]0.008
]0.006
10.004

10.002

Normalized Sheath Width, s, /L

. . . . 0.000
200 400 600 800 1000

rf Voltage, V (V)

Fig. 1. The sheath width and the plasma field as functions

of the applied rf voltage.

Plasma field computed with the PIC code at vari-
ous parameters is shown in Fig. 2 as function of the
parameter ¢ [3]. The analytic dependences are also
shown there and found to be in a good agreement
with computations.

Thus, the results of the simple analytic model can
be used for evaluation of the rf field in plasma and,
further, of plasma acceleration in the LHPA [3].

1.2

o T
0.01T§ ~~-.Z

0.01 0.1 1 10 100 1000
q

Fig. 2. Plasma-to-vacuum field ratio vs ¢, for V=10V,

L=1cm, and @27z =100 MHz. Diamonds (triangles) are

computed for n = 10" (10"*) cm™. The black and red dotted

curves are analytic dependences, for the same densities.

Figures on the plot indicate the magnetic field strengths.
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New York, 1994).
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SMIIMPUYECKAA ®OPMYJIA 3ABUCUMOCTH KOIPPUIIUEHTA PACIIAZIA
HEUJAEAJIBHOU IIVIA3MBI OT KOHHEHTPAIIUU JJIEKTPOHOB

0. A. ®enoposuu, JI. M. BoiiTenko

Hucmumym soepruix uccreoosanuii HAH Yxpaunol, Kues

PexomMOuHaLIMOHHBIE TIpOLIECCHl B HEHMIEATILHOI
mnasme (HII) u3ydeHsl HenocTaTOuHO KaK TEOPETH-
YECKH, TaK U IKCIEPUMEHTAIBHO [1 - 7]. DTO cBs3a-
HO CO CJIOKHOCTBIO TEOPETUYECKOTO OMHCAHUS MPO-
neccoB npotekaromux B HIT [1 - 4]. Dxcnepumen-
TaJIbHBIE PE3YJIBTAThl TOXKE CIOXKHO IOJIyYUTh TaK
kak HII B mabopaTOpHBIX YCIOBHSIX CYIIECTBYET
OueHb KOPOTKHE BpeMeHa — HaHO-, MUKPO- U MUJI-
mcekyHpl. Her o0opynoBanus 1 METOIMK, MO3BO-
JISIOMNX W3MepATh mapamerpsl HII, ocobenHo mpu
KOHIIGHTPALMAX JIIEKTPOHOB, Gombumx 10" cm™.
Tonbko B mocnenHHE TOIbI MOSBHIOCH HECKOJBKO
TEOPETHIECKUX PabOT MOCBAIICHHBIX ATOW Teme [3,
4]. HeoOxoamma »sKcliepMEHTalbHas IpPOBEpKa
TeopeTuieckux padot. B pabotax [5 - 7] mpuBoasrt-
Csl SKCHEPUMEHTANIbHBIE PE3yJIbTaThl 3aBUCUMOCTEH
K03 PUIIMEHTOB pacnaza OT KOHIICHTPAIMH JIIeK-
TPOHOB B JBOWHOM JIOTapu(pMHUECKOM MaciiTade.
[To pesynbTaram 3THX paboT KOAPUIMEHT pacmaa
IUTa3Mbl IPAKTUYECKH JIMHEHHO yMEHBIIAETCA C
YBEIMYEHHEM KOHIEHTPAIMH 3JIEKTPOHOB B TIa3Me
(pucyHOK).

1E-10 4 —8— W 20 mkm, U 37 kB, L 40 mm

& W 20 mrm, U 30 kB, L 100 mm
—A— W 320 mkm, U 20 kB, L 40 mm

v Gopmyna

< Mankud O.A. MMNyNbCHBIM TOK ¥ PENaK-
cauws B raze, Mockea, 1974

1E-11 o

1E-12 o

1E-13 o

1E-14 o

1E-15 o

1E-16 o

1E-17 o

Koadhcbuument pacnaga (dne/dt) / (ne”) em’c’

1E-18 T T T T il T T 1
1E15 1E16 1E17 1E18 1E19 1E20 1E21 1E22 1E23

KoHuexTpauws Ne cm o

3aBUCHMOCThH CKOPOCTH PACIaja Ia3Mbl
OT KOHIICHTPAIIUH JIEKTPOHOB.

ITo pe3ynpraTamM paboT MOAOOpaHa IMITUPUYEC-
Kas popMyITa 3aBUCUMOCTH KO3(PPHUITMEHTOB pacra-
Jla OT KOHILIEHTPAIIUHU 3JICKTPOHOB:

K=49 10N, "?=4,9-10°- N,

dc]i\;e / n> =K — kospduument pacnaja, em’/c;

N — KOHIIEHTpALUsI JIEKTPOHOB, oM.

rae

Ota ¢opMyna ONMCHIBaET 3aBUCUMOCTH OT N, B
JanazoHe KOHLIEHTpauui 3JIEKTPOHOB
108 em™< NeSIO22 oM. JlaHHBIE TIONYYEHBl s
BOJOPOJHO-KUCIOPOIHOH IJIa3Mbl B JUANIA30HE 10"
—10* em” u n1s Bonsdpamosoit 10°° - 10% em™.

BenuunHa 3apsaa MOHOB U TeMIepaTypa He yuu-
THIBAJMCh. DKCIIEPUMEHTAJIbHbIE JaHHBIE MO KO3(-
¢unyeHTaMm pacnazna MOJY4YEHbl U3 TPEX PEKUMOB
paspsnoB. Temmeparypa u3MeHsuIach B Tpejaenax
(7-35)10°K.

B nnasme Bonbdpama BO3MOXKHA BTOpasi HOHU3A-
mus (E; = 16,1 3B). IIpousBoautcs cpaBHEHHE IO-
JyYEHHBIX PE3YJbTATOB C TEOPETUYECKHUMM pacye-
Tamu 1o padotam [1, 3, 4]. [Ipu cpaBHEeHUHU dKCIIe-
PUMEHTAJIBHBIX PE3YJIbTATOB C pacyeTaMH 110 Teope-
THYecKor pabote [1] mony4eHo OoJbIIOe pa3inyue,
KOTOpO€ yMeHbLIaeTcsi ¢ yMeHblieHueM N.. B [1]
MIPEAIOIaraeTCs MeXaHu3M TPOHHOW pEKOMOMHAITIHI
— DIIEKTPOH - JIEKTPOH - HOH. Teopernueckas pabdo-
Ta [3] mpencka3piBaeT yMeHblIeHHE K03(duIeHTa
pacriaza ¢ yBEIMYEHHEM KOHIEHTPAILMH 3JIEKTPO-
HOB, YTO Ka4eCTBEHHO COBMA/NaeT C pe3yJbTaTaMu,
MOJYYEeHHBIMH 3KCIIepUMeHTabHO. B pabore [3]
npeanosnaraeTcs OuHapHas pEeKOMOMHALMs, a He
TpoiHas.
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OI3UKA ITIA3MU

METOJUKA ONPEJEJIEHMSI KOHIEHTPALIMI 3JEKTPOHOB HEMIEAJIBHOM
IUIA3BMBI B TUAIA30HE 10"cm™ <N, < 10%cm™ IO BEJIMYUHE «ONTUYECKOM IIEJIN»

0. A. ®enopoBuy

Hnemumym si0epmvix uccneoosanuit HAH Ykpaunol, Kueg

Heupneanvnas mnasma (HIT) Haxomut Bce 00Jb-
mee MPaKTUUYEeCKOe MPUMEHEHUE B TEXHOJOTH-
yeckux mnporeccax. Pacrpoctpanena miotHas u HIT
takxke B mpupoze [1]. Jo HacTosmero BpeMeHu He
YCTAaHOBJICHA B3aUMOCBSI3b MEXAY ONTHUYCCKHUMHU
CBOMCTBaMHU IUIOTHOW TJIa3Mbl M €€ TapaMeTpaMH.
OTCYTCTBYIOT HAQJICKHBIC METOJUKHM MU3MEPEHUH Ta-
pamerpoB HII mpu koHueHTpanusax 31ekTpoHoB (N,)
seime 10" oM™, Jlo N < 10" em™ konnenTparmio
3JIEKTPOHOB MOXHO U3MEPHUTH MO YIIUPEHUIO TUHUU
Bojoponaa cepun bamsmepa H, (656,3 um). Ilpu 3Ha-
uenmsx KoHueHTpamuu N> 4 - 10" em™ u3 cnexrpa
ucueszaer u H, (656,3 uM). Ho BO3MOKHO mpumeHe-
HUE HOBOM METOOUKHA H3MEPEHHUs] KOHLIEHTpaluu
anekTpoHoB B HII mo BenmymHEe «ONTHUYECKOH Iiie-
TN, WK «II0 TPAHULIE CIIEKTpa MapPHBIX COCTOSHUN
B IUIOTHOH miasmey» [2], (4To omHO | TO *ke¢). Bemu-
ypuHa «ontudeckoil menu» (AE) — ato pasnuma me-
Iy BEIUYMHOM MOTEHLMAJa HOHU3AIMU aToMa U
SHEpPruel BEpPXHEro YPOBHS pealnu30BaBUIEHCA JIH-
uuu B HII. Ilensto Hacrosimeidt paOOTHI SBISETCS
MOJTyYeHUEe SMITUPUYECKOW (DOPMYIBI IS 3aBUCH-
MOCTH BEJIMYMHBI «TPAHULBI CEPUH MAPHBIX COCTOS-
HUW» [2] OT KOHIICHTPAIIUU 3JIEKTPOHOB, CPABHEHUE
C PAa3IUYHBIMU TEOPETUUYECKUMHU U HKCIICPUMECH-
TaJbHBIMH padoOTaMM, a TakkKe pa3paboTka HOBOM
METOJMKN W3MEPEHHUS KOHIICHTPAITMH 3JIEKTPOHOB
Ha noBepxHocTy kanana HII mo mosiBiaeHuro TUHUN
¢ HanOoJee BRICOKON JHEPTHEH BEpXHETO YPOBHSI.

Hccnenys penakcauuio Iia3Mbl MMITYJICHBIX
paspsioB B BOJE, aBTOPY YAAJIOCh MPOCIEIUTH TH-
HaMUKY CIIEKTpa BOJOPOJHO-KUCIOPOJHOM IIa3Mbl
B Ipejenax KOHIEHTpauuii 3mektporos 107cm™ >
>N, >2 - 10" em™. B o6mact smanu Hy, 10 12 MKc
HUKaKHX OCOOCHHOCTEW Ha CIUIONIHOM CIIEKTPE W3-
mydenus B oomacta 630 - 680 HM He HabmIOMAeTCS.
Ha 15 Mkc mosBnsercst mpoBajl WHTEHCHBHOCTH B
obnactu nuaMKM H, ¢ MUHUMYyMOM WHTEHCUBHOCTH B
uentpe nuaun H, 656,3 uM. 3Hauenusa N, paccuu-
TaHHble 10 ¢opmyie Caxa M3 3HAYCHUH JaBJICHUS,
SIPKOCTHOM TeMIIepaTyphl IJIa3Mbl U YPABHEHUS CO-
CTOSIHUSI MACAIBHOTO ra3a Ha 15 MKC, COCTaBISIIOT
(2,5-6)-10"%cm™.

B pa6ote [3] moka3aHo, 4TO B caMOM Hadaje pas-
psida Mpu B3phIBE IPOBOJHIKA U3 BOJIb(GpaMa HET HU
onHOW JNMHUM TornomeHuss. C TedyeHneM BpeMEeHHU
MOSIBIISIFOTCS JIMHUM TOTJIONIEHHUS ¢ Bce 0ojiee BBICO-
KHMH TMOTCHIIMAJIaMH BO30YKIEHUS, YTO MPOUCXO-
JUT OJHOBPEMEHHO C YMEHBIICHHEM KOHLIEHTpaIuu

LIOPIYHUK - 2010

3JICKTPOHOB B IUIa3MEHHOM KaHane. HeoOxomuma
TOJIBKO TIpUBSI3ka BenmnuuHBI AE K KOHIIEHTparuu
anexkTpoHoB N, B pabote [4] moka3ano, uTo HabIIO-
AeMBI B CIIEKTpE W3IYYCHUS BOJIbPPaMOBOU
TUIa3Mbl IPOBal MHTEHCHUBHOCTH B 4 - 10 pa3 B BH-
JUMOM JHMANa30HE CIEKTpa COOTBETCTBYET ILIa3-
MEeHHOH yactore. Ho Mo miua3MeHHON 4acToTe MOX-
HO JIOCTaTOYHO TOYHO OIPENEIUTh KOHIEHTPAIIHIO
mra3mMel B KaHane. I[lomydaeTcst HECKOJIBKO TOYEK
MpUBSI3KU 3HaueHU AE K KOHIIEHTpaluu 3JIeKTpo-
HOB. Ha pucyHke mpuBezeHa 3KCIEpUMEHTAIIbHAS
3aBUCHMOCTh «BEIMYHMHBI MIETH» OT N, B THaNa30He
KOHLIEHTpalui 107 em?>< N.< 102 em™,

10 ”]
9

E

Navkurh Hopmau

Murnuc-Tennep

0 ! 1 1 1 1 1 N, om?
5 10" 5 10¢ 5 10 5 10 5 10¢ 5 10

3aBHUCHMOCTD BEJIMYMHBI «ONITHYCCKOM ICJIn»
HEUACaIbHOM IIa3MBbI OT KOHIEHTPAUHU 3JICKTPOHOB.

ABTOpPOM TMOJy4YeHA H>MIMpHYecKas Qopmya
9KCHEPUMEHTAIBHON 3aBUCHMOCTH BEJIMYMHBI «OII-
TUYECKOW IMIeJIW» OT KOHLEHTPALUH 3JICKTPOHOB:
AE = 1,32-10°'N.>* =~ 1,32:10°'N."*, tme [AE] =
=9B; [N.] = cM” (koHUEHTparms 31ekTporoB). He
NPOTHUBOpEYAT MOTYYCHHON 3aBHCUMOCTH U PE3yJiib-
TaThl, TONYyYEHHbIC AN BEIMYMHBI «ONTUYECKOU
menu» A KceHoHa. dDopmyia He YUUTBIBAET BO3-
MOXHYIO BTOPYIO HWOHHU3AIMI0O HOHOB BOJb(pama
(E,= 16,1 »B) u chopaBemnmBa IUId TeMIepaTyp
(7 - 45) - 10° K. Ipusenennyio GopMyTy MOKHO
PEKOMEHJIOBATh KaK CaMyIO IPOCTYI0 METOIUKY OIl-
peliesieHus] KOHIIEHTPAIMHU JJIEKTPOHOB B HAPYKHOM
cnoe HII, ompenenus IuMHHIO C CaMBIM BBICOKHM
BEPXHHMM YPOBHEM BO30YXKICHHUS B CIIEKTPE H3IIyue-
Hus (rorsouierns) u nonyuus AE.

1. B.E. ®opros, YOH. 179, Ne 6, 653 (2009).

2. A.Lankin and G.Norman, Contribution to Plasma
Physics B 49, Ne 10, 723 (2009).

3. O.A. Fedorovich, BAHT, cep. «®wu3uka mia3ms», 15,
Ne 1, 145 (2009).

4. O.A. ®emoposua, BAHT, cep. «[lma3meHHas »meKTpo-
HUKA ¥ HOBBIE METO/IBI YCKOpeHU:», 4, 283 (2008).
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AHOTAIIII POBIT

HNIABUINEHHA EHEPITOE®EKTUBHOCTI IMITYJIBbCHHUX EJIEKTPOPO3PAIHUX
TEXHOJIOT'TYHUX ITPOLIECIB

I1. B. Ilopuubkwuii, I1. 1. Ctapuuk

Incmumym si0eprux docnioncenv HAH Yrpainu, Kuig

VY 0aratbox eNeKTPOPO3PSIAHUX TEXHOJOTTYHHX
mporiecax — MITaMITyBaHHI, OYHMINEHH] JHUTBA, TPO0-
JIEHHI TIOPiJ TOUIO — JDKEPENIOM Mii € IMITyJIhCHUH
SNIEKTPUIHUH po3psin B piauHi. EdexTuBHICT TIepe-
TBOPEHHS €JIEKTPUYHOT EHEPrii, 10 BUTPAaYaeThCcA Ha
JKUBJICHHS YCTAaTKyBaHHSA, B €HEPTil0 PyXy poOodoro
CepelloBHINA MPU IIbOMY BHU3HAYAETHCS Mapamerpa-
MU IUIa3MHU, 110 YTBOPIOETHCS B PO3psiAax. 3 pocToM
MOTY>KHOCTEH, IO BBOMASATHCS, MIABUILEHHA MipH
HarpiBy IUIa3My 30UTbITyE€ HENMPOAYKTHUBHI BTPATH
Yyepe3 3HIDKEHHS ii OMIYHOTO OMOpYy Ta POCTY BH-
MPOMiHIOBaHHS — OiNbllIe eHeprii BTpadaeThCs B Jia-
HITIOTaX, IO MiABOISATH CTPYM, i BUIIPOMIHIOETHCS B
Jliama3oHi MPO30pOCTi oToudeHHS po3psniB. IliaBu-
IIUTH €(PEeKTUBHICT EPETBOPEHHS €HEeprii B TaKux
nporecax MOKJINBO IIJISIXOM CTUMYJIOBaHHS PO3BU-
TKy B IUIa3Mi pO3psiliB TypOYJIEHTHOTO TEpeMilry-
BaHHsI, IO iIHTCHCU(IKY€E eHEProOOMiH y TIIa3MOBHX
kaHanax [1]. TypOymizauisi mwia3mMd NpU3BOJUTDH JI0
MOCWJICHHsS] BUHECEHHsI CHEPrii Ha MOBEPXHIO ILIa3-
MOBHUX KaHaiB. biypiia gacTuHa ii MpH IIBOMY I10-
BEPTAETHCS B PO3PSITHUI KaHAI Pa3oM 3 XOJIOJHOIO
IUIa3MOI0, 110 YTBOPIOEThCA Ha Horo nosepxHi. Ta-
KU TIpoliec 3HIKY€E Mipy HarpiBy Iia3Mu B KaHali,
OCKIJIbKM TiJBHUIIECHHS TEMITy BBEJCHHS €HEprii B
PO3psiA KOMIIEHCYETBCSI POCTOM LIUIBHOCTI IJIa3MH B
HbOMY. ICTOTHO, L0 NpU LBOMY 3MIHIOIOTHCS HE
JUIIE eNeKTPUYHi, ale W TigpoJuHaMIiYHI XapakTe-
PHUCTUKHM MOAIOHUX PO3PAMIB 1 MiABUILYEThCS edeK-
THUBHICTh NEPETBOPEHHS EJIEKTPUYHOI eHeprii, o
BKJIAJIA€THCSA, Y KIHETHYHY €HEPTit0 MPUCKOPIOBAHOT
TUTa3MOBHUM KaHAJIOM po00d0i piTuHH.

XapakTep Ta iHTEHCHUBHICTh TypOYJEHTHOTO IIe-
peMilTyBaHHS IJIA3MH IMITyJIbCHUX PO3PSIIIB Y Piav-
HaxX BHU3HAYAIOTHCS TiIPOJUHAMIYHUMH HECTIHKO-
CTSIMHU, III0 PO3BHUBAIOTHCA B HUX [2]. IHKpemeHTH
HapOCTaHHS OCTaHHIX y MEpIIy Yepry 3ajexarb Bif
TaKUX YMHHUKIB: aMILTITY 1 9acOBUX 3aJIeXKHOCTEH
CTUMYJIIOIOUHX PO3BUTOK HECTIHKOCTEH NMPUCKOPEHD
piOvMHH, SIKa OTOYY€E KaHall; CIiBBiTHONIEHb YaciB Jii
YUHHUKIB, 110 ITOPOHKYIOTh HECTIHKOCTI, 3 XapakTe-
PHHM 4YacoM TXHBOTO PO3BUTKY; MPOCTOPOBUX Xa-
PaKTepUCTUK 30ypeHb HWITIHAPUYHOI GopMu po3psi-
THUX KaHaJiB, MO0 YTBOPIOIOTHCS HA MOYATKy (op-
MyBaHHS pPO3psiB, ad0 TaKWX, IO MITY4HO BHO-
CATBCS UISI CTUMYJIFOBaHHSI PO3BUTKY TypOYyJIEHTHO-
r'O TIepeMilTyBaHHS.

Buxonani excriepuMeHTaNbHI JOCTIKEHHS BH-
SIBWJIM BIUIMB PEXHUMIB PO3PAAIB Ta YMOB IXHBOI iHi-
mianii Ha PO3BUTOK TypOYJIEHTHOTO MEPEMillyBaHHS
IIpY KOJMBAIBHUX PO3PAAAX €MHICHMX HAKONUYyBa-
4iB eHeprii Ha 3aHypeHHUH Yy BOIY PO3PSAHHUUA TPO-
MDKOK. YCTaHOBIIEHO TOPOTOBHH XapakTep MOSIBH
TypOyJIEHTHOr0 IepeMilllyBaHHs B po3psAIax 3aJex-
HO BiJ po3MipiB MOYATKOBHUX 30ypeHb IMIITIHAPUIHOT
(hopMHU pO3PSIIHUX KaHAIB 1 MOTYKHOCTEH, SKI MO-
K€ PO3BHHYTH JUKepesnio eHeprii. CrocrepexyBaHi
3aJIe)KHOCTI TIOSICHEH] BIUIMBOM Ha PO3BHTOK TYpOy-
JICHTHOTO TIEpeMIlllyBaHHS 3MiH TIOBEPXHEBOrO Ha-
TATY 1 B'SI3KOCTI PiAMH 3 POCTOM THCKIB 1 Temrie-
patyp y po3psaax. OcoOnuBy poib y PO3BUTKY PO3-
paniB TypOyJieHTHE NepeMilllyBaHHsS BiAirpae mpH
iICKpOBOMY TIp0O0O0i pigHU. MHOXWHHI ITOYaTKOBI
BUKPHBIICHHSI ICKPOBOTO KaHaly HACTUILKW I1HTEH-
CU(]IKYIOTh PO3BUTOK TYpOYJEHTHUX TMPOLECIB Y
KaHaJi, 10 YacTO BiH HaBiTh PO3JUISIETHCS HA JIaH-
IIIO)KKH OKPEMHX BHUXPOBUX YTBOpEHb. Ilimbopom
METOJy 3allaJIeHHs IMIYJIbCHUX PO3PAIB Y piIuHAX
MOXIJIMBO YIPABISATH IXHIMH XapaKTEepUCTUKAMH,
ONTHMI3YBaTH PEKUMHU MPOTIKAHHS PO3PSTHUX TPO-
IeCiB, TMOAOBXKYBATH TEPMIHU CIyKOHM amaparypu,
10 BUKOPHCTOBYE TTOMIOHI PO3PSIIH.

PosrnsHyTHii BUIlle MEXaHi3M BILTUBY TYpOYJIeH-
THOTO IEpeMilllyBaHHSI Ha BJIACTHBOCTI PO3PSAHUX
KaHaJliB MpUTAaMaHHUN HE JIHIIe Po3psAnaM y pilu-
HaX. [TomiOHI siBHIIAa MOXYTh MaTH MicClle B ILIa3Mi
PO3psAiB y ra3ax i peuoBHHAX y TBEpAOMY CTaHi. 3a
JIOTIOMOTOI0 IIIJIECTIPSIMOBAaHOTO BIUIMBY Ha PO3BU-
TOK Ta XapakTep TypOyJIEHTHOTO IMEepPEMIITyBaHHs B
MUIa3MOBHX KaHaJax IMITyJIbCHUX PO3PS/IiB MOKIUBO
CYTTEBO 3MIHIOBATH PO3PSIIHI MPOIECH B MOTPIOHUX
JUTSI TEXHOJIOTIYHUX TIOTPeO HaNpsMKax.

1. TL.A. Crapunk, B Te3. Ookn. MeowcOoynap. HayuHo-
npaxkm. Kough. «Onepeospghexmuenocmov-2010», Ku-
es, Yxpauna, 19 -21 oxkmabpa 2010 e. c. 212.

2. JLM. Boitrenko, O.B. Kononos, I1.B. Ilopuupkuii Ta
I1.J0. Crapuuk, 36. Hayk. npaup [H-Ty siIEepHHUX JOCIH.
Ne 1, 115 (2000).
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OI3UKA ITIA3MU

O PACHAJIE HEUJEAJBHOMW BOJOPOJHO-KAUCJIOPOJHOM IIJIA3MBI
C IPUMECAMHU BOJIb®PAMA

0. A. ®enoposuy, JI. M. BoiiTenko

Hucmumym sdeproix uccreoosanuii HAH Yxpaunol, Kues

PexomOuHaLMOHHBIE TIpOLIECCHl B HEHEATbHOM
mwiazme (HII) m3ydensr Henmocratowno. B paborax
[1, 2] Obul0 TmOKa3aHO, YTO OTIWYHE DKCIIC-
PUMEHTAIBHBIX KOA((QUIMEHTOB pacriaia OT pac-
YETHBIX MPHU BBICOKHX KOHICHTPALUSIX DJIEKTPOHOB
N, (10" - 10 cm™) moxeT mocTHraTh miecTH TMO-
paakoB. C yMeHBIIEHHEM KOHIIGHTPAlUU 3JIEKTPO-
HOB HaOmromaeTcs CONMIKEHHE TEOPETHUECKUX |
9KCHEPUMEHTANBHBIX 3HAaYeHUH Kod3(dduimeHTos
pacnmaga [2]. Ilpu yMEHBIICHWH KOHIICHTpAITUU
snextporoB ot 5-10° em™ 1o 2-10"7 em™ xoaddu-
LMEHT pacrnaja YBEIMYUBACTCS, U €CIH HCIIONb30-
BaTh ABOMHOI JorapupMuUecKuii Macmrad, To 1mo-
Jy4aeTcsl IPaKTHYECKH JIMHEHHOE YBEIUYEHHE KO-
s ummenTa pacnamga ¢ yMEHBIIICHHEM KOHIICHTpa-
UM 3IeKTpoHoB. bes mpumeceii Bonbdpama Makcu-
MaJIbHasl KOHIIEHTPALMs 3JIEKTPOHOB B IIIa3Me He
npesbimana 5 - 10% cM™ npu HauambHOM Hamps-
skeHuu 37 kB npu niuHe paspsAaHOro IpoOMEXyTKa
40 MM.

B nanHoii paboTe paccMaTpuBarOTCs MOJTYyYeH-
HBIE HKCHEPHUMEHTAJIBHO 3aBUCHUMOCTU Ko3(duiu-
€HTOB pacmajga OT KOHLEHTPAalUu 3JIEKTPOHOB B
TUTa3MEHHOM ~KaHalle HeWJI€aIbHOM BOJOPOJHO-
KHCJIOPOIHOM TJIa3Mbl C IPUMECSIMHU BOJIb(pama.

ITpu ucnonp30BaHUM ISl MUHULMUPOBAHUS HM-
MyJBCHOTO pa3psiia B BOJE MPOBOJHHUKA W3 BOJb(-
pama TommmHOU 320 MM u jymmHON 40 MM mpu Ha-
YaJbHOM HAIPSDKEHHU Ha pa3psagHOM IPOMEXKYTKe
20 kB KOHILIEHTpalus AJIEKTPOHOB B IJIa3M€ YBEJU-
gpBaercst 10 5,5 - 102 em”. JImATensHOCTh BKJIaaa
SHepruu B kaHan ~ 10 mkc. SIpkocTHas TeMmeparypa
IUTa3MEHHOI'0 KaHaja IIpU 3TOM MEHseTca Mayo (0T
7-10° o 10 - 10° K). KoHUEHTpaIms 3IeKTPOHOB
OTIpe/IeTsuIach MO0 BEIMYUHE «ONTHYECKON IIEenn».
3a 130 MKC KOHIEHTpaius 3JEKTPOHOB B ILIa3Me
yMenbumnack ot 5,5 - 10°! o 1 - 10 cm™, a xoag-
¢unMeHT pacnaza mOpH  3TOM  YBEIMYMICS OT
4-10™ o 1-10" em’/c (pucymox).

Umeromuecs B IuTeparype pacueTbl 3aBUCUMOC-
Tell koa(PUIMEeHTOB pacmaga OT apaMeTpoB IuIa3-
MBI, B TOM YHCJIC U HEHJCAIbHOH, HE OOBSCHSIIOT
TaKOTO OOJBIIOTO pa3iuyus B KOAPUIIMEHTaX pac-
majga mpu OONBIIUX IUIOTHOCTSAX 3JeKTpoHOB B HII
[3 +7]. ABTOpPBI CBSI3BIBAIOT OOJIBIIIOE YMEHBIIICHUE
ckopoctu pacnazna B HII ¢ «Hepeanusanuein» ypos-
HeM B aToMax W MponajaHueM JIMHUU W3IIydeHUusd U

MOIJIOIEHUS T10J] BO3JAEHCTBUEM TIPOMAJHBIX MHU-
KpOTIOJIEH, BO3HUKAIOIIMX B HEMJICAIBHON IIa3Me ¢
BBICOKHMHU KOHIIEHTPALUsIMHU 3JEKTPOHOB. To ecTs,
MPONajaloT YPOBHHU, Ha KOTOPBIE MOTYT pEeKOMOH-
HUPOBATh CBOOOIHBIE SJICKTPOHBI.

—m— W=320 MKm, 20 kB, 40 MM\

™

.

Bl

3

cMC

1E-16

1E-17 -

KoachdmumeHT pacnaga (dne/dt) / (nez)

1E-18

T T T
1E19 1E20 1E21

KoHueHTpauwms Ne cm™

3aBUCHMOCTh CKOPOCTH pacriajia 1jia3smbl
OT KOHLCHTpAIIU 3JICKTPOHOB.

Koaddumuent pacnaga ¢ yBenTuueHHEeM KOHIICH-
Tpaluu 3JIEKTPOHOB B UAINAa30HE 2 - 10%em™ < N, <
<5,5-10°" cM” yMeHbIIaeTCs MPAKTHYECKH JTHHEH-
Ho o 1-10™" g0 4 - 10" cM’/c (mpu spxocTHBIX
temneparypax 7 - 10° + 10-10° K). Iomyuennsie
IKCIIEPUMEHTAJIbHbIC JAaHHBIE MOXXHO OOBSICHUTD,
UCIIOJNIB3YSI PE3yNIbTaThl PACcYEeTOB (B paMKax METOAa
MOJIEKYJIAPHONH JMHAMHUKH) CKOpPOCTH pPEKOMOHMHa-
uuu B HII, npuBenennsie B [8].

1. O.A. ®enoposuu u JI.M. Boitrenko, YOXK. 53, Ne 5,
451 (2008).

2. O.A. ®egoposuu u JI.M. Boiitenko, BAHT, cepus
«[1na3MeHHas IEKTPOHUKA U HOBBIC METOJIbI YCKOpE-
Hus», Ne 4, 288 (2008).

3. JI.M. bubepman, B.C. BopoOses u 1N.T. SIky6oB, Ku-
HemuKa HepaeHOBeCHOU HUZKOMEMNepamypHoll nias-
mot (Atommsnat, M., 1982), 378 c.

4. N. beittc u A. lanrapHo, B Amommusie u MOAEKyAAp-

Hule npoyeccol, o pen. . beiitca (Mup, M., 1964),

c. 224,

N. D’Angelo, Ph. Rev. 121, Ne 2, 505 (1961).

10.K. Kypunenkos, TBT. 18, Ne 6, 1312 (1980).

7. JLM. bubepman, B.C. Bopobrer u WN.T. SkyOos,
JAH. 296, Ne 33, 576 (1987).

8. A. Lankin and G. Norman, Contrib. Plasma Phys. 49,
No. 10, 723 (2009).
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PACYET PAJUALIMOHHOM 3AIIUTHI LUKJIOTPOHA MINItrace

A. H. Bepsmzos, B. B. Tpumun

Hucmumym adepuvix uccaredosanuiit HAH Yxpaunvl, Kues

Memuuuackuii  nuknorpoHn  MINItrace (GE
Healthcare) mpenHasHadeH s MPOHW3BOJACTBA KO-
POTKOXHBYIIUX PAJUOHYKINIOB, B TOM uHcie ' F
(Ty;, = 1,83 4) mua mpoBeeHUS paHHEH TUArHOCTH-
KM OHKOJIOTHYECKHX W KapJHOJOTHYECKHUX 3aboIe-
BaHUW METOJOM IO3UTPOH-DIMUCCUOHHON TOMOTpa-
duu (IIOT). Hapaborka '°F B HMKIOTpOHE ocyIec-
TBIETCS C MCMONb30BaHMEM peakiun O(p, n)"°F,
KOTOpasi BBI3BIBAETCS YCKOPEHHBIMH JO OJHEPTUH
10 MaB mpororamMu  (Iyae = 50 MKA) B MUIICHH
H,'*0, o6oramtenHoit mo uzoromy O (= 95 %).

Hamu ObITM paccyMTaHBI TOJNIIUHBI OaphEPOB
OMOJIOTMYECKOW 3amuThl OyHKepa IHMKIOTPOHA, a
TaK)Ke KOMOWHHPOBAHHOHN 3alllUThI JBEpPEd U pas-
JIUYHBIX TEXHOJIOTMUYECKUX KaHAJIOB.

Pacuets! npoBoaunucek metogqom Monte-Kapio ¢
ncronb3oBanueM koga MCNP4c [1] ¢ yueTom BKIIa-
JIOB OT HEUTPOHHOTO M (OTOHHOTO U3IydeHud. He-
00X0oJMMasi KpPaTHOCTh OCHAOJCHHUS W TOJIIWHBI
0aprepoB OIEHMBAINCH HCXO/I M3 KOHCEPBATHBHOM
BEJIMYMHBI MAKCUMAJIbHOW CYMMapHOM MTHOBEHHOM
MomHOCTH 10361 MO/, = 0,3 MK3B/4 Ha BHeIIHEH
CTOpOHE O6aphepoB.

Jlis OCHOBHBIX 3aIUTHBIX OaphepoB OyHKepa
nony4eno: noi — 130 cm Gerona (p = 2,35 F/CM3),
CTeHBI U MOTONOK — 120 cM OeToHa, ABEph — 3 MM
crtanb + 10 cM MOJMATUIIEH BBICOKOTO AABJICHUS +
5wMMm cBuHen, + 3 MM crtamb. OTHOCHUTENBHO He-
0O0JIbIIIE TONIUHBI 3AIIUTHBIX OaphepoB 00YCIOB-
JICHBI HAJIMIUEM AOCTATOYHO 3(P(EKTHUBHOW HHTET-
pUpPOBaHHON OMOJIOTHYECKOMN 3alllMThl, BXOAALIEH B
COCTaB LIUKJIOTPOHA.

IIpoBeneHs! pacyeTsl TeHepauy paguoaKTHBHBIX
ra3oB M a’p030JIeH MpU IKCIUTyaTaIluH [UKIOTPOHA
3a CYET aKTHUBAIMK BO3MyXa HEUTpOHAMU, KaK BHYT-
PH, TaK ¥ CHApYKU IUKIOTPOHA. PacueTsl ¢ ucmonb-
3oBarmreM nporpamMmMbl NAAPRO [2] mokasanu, 9To
OCHOBHBIM HCTOYHUKOM TE€HEPAIMH PaIUOAKTUBHBIX
ra3oB SBJISIETCS aKTHUBallUs BO3IyXa BHYTPHIIUKIIO-
TPOHHOTO TPOCTPAHCTBA, BKJIAJ KOTOPOH COCTABIIS-
eT > 99 %. OueHeHHas aKTHBHOCTH BO3Jyxa B OyH-
Kepe OKasanach HesHauuTenbHOH (A =~ 240 Br/M),
4TO OOYCJOBICHO HAJIUYMEM BCTPOCHHOW JIMHUU
3aJlep’)KKH BBIOPACBIBAEMBIX W3 IIMKJIOTPOHA Ta30B
(tsay = 200 MuH). OCHOBHBIM paJUOHYKIUAOM, 00Y-
CJaBJIMBAIOUIEM OKOJO 99 % aKTUBHOCTH BO31yXa B
GyHKepe MKI0TpoHa, sBisercs * Ar (T, = 1,82 u).

Takxe ObUIM TIpOBENEHBI pacueThl HapaOOTKH
PaIHOHYKIIUIOB 33 CUET aKTHUBAIMH 3JIEMEHTOB KOH-
CTPYKLUWU IUKIOTPOHA (YCKOPUTEIBHOW KaMephl,
MarHnra, KOJUIMMAaTopa, (oibr, MHUIIEHHOTO y3Ia,
MHTETPUPOBAHHOW 3aIlIWTHI) MPOTOHAMH M HEHTpO-
Hamu. Yepe3 CyTKH TOCIE OCTAHOBKHA OCHOBHBIMH

,I[03006pa3yIOLI.II/IMI/I HYKJIUAaMH ABJIAKOTCA:
Y (5 Bk, Tip= 15,97 n), *%Co (340 MBk,
T\,=7731n), *Mn(150MBx, Ti»=5,59 n),

"OmAg (110 MBk, Ty, =249,9 1), **Na (16 MBk,
Tip =15 9) u “Co (12 MBx, Ty, = 5,27 n).

Ha ocHOBe paccuMTaHHBIX BEIWYMH AKTUBHOCTH
BHYTPHIUKIOTPOHHBIX KOHCTPYKIUIA OBUIH TOITyYe-
HBl OLIGHKU TOJIIUHBI 3aIIUTHBIX OaphepoB, HEOO-
XOIMMBIX JUISl 3alIMThl IEPCOHANIA NPHU NPOBEACHUU
MIEPUOANYECKOTO OOCITYy)KHBAaHUS LHUKIOTpOHA. Tak-
e OBUIM MOJIyYeHbl OLIEHKH PaIHOHYKIHIHOTO CO-
CTaBa U HAKOIUICHHOW aKTHUBHOCTU LUKJIOTPOHHBIX
KOHCTPYKIMM 3a BeCh CPOK 3KCIUIyaTaluu
(T = 30 ner npu KodPUIHMEHTE HCIOITH30BAHUS
20 %). Pe3ynpTaThl AaHHBIX PacdeTOB IOKa3aHbI Ha
PHCYHKE.

AKTUBHOCTB, Bk

- - - [epwaTtens MALWEHA ST
----- ®onera HAVAR
10"+ ---= TUTaHoBas gonbra et
b -==- TaHTanoBsli KONNUMaTOP s
----- [pyrie aneMeHTb! KOHCTPYKUMK i
—— lNpoayKTbl aKTHBALMM BMeCTe
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r L T TTTT]
1 10 100 1000

Bpema nocne 3aseplieHus IKCNNYaTaunm, QHu
Puc. 1. JIunamuka u3MeHEeHUs HABEJIEHHOW aKTHMBHOCTH
KOHCTPYKLIMOHHBIX 3jieMeHTOB LukiaorpoHa MINltrace
0 MCTCUCHNUH CPOKA €r0 SKCILTYaTaIUH.

1. J.F. Briesmeister, MCNP — a general Monte Carlo
N-particle transport code, Los Alamos National Labo-
ratory Report, 1997, LA-12625-M.

2. V.K. Basenko, A.N. Berlizov, [.A. Malyuk, and V.V.
Tryshyn, Journal of Radioanalytical and Nuclear
Chemistry 263, No. 3, 675 (2005).
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NCCIEJOBAHUE PAIUAIIMOHHBIX XAPAKTEPUCTUK TEXHOJIOI'MYECKHUX
KAHAJIOB PEAKTOPA DHEPI'OBJIOKA Ne2 YAJC

A. H. Bep.lmsonl, H. A. Mamok', B. B. HeTI)OBz, A. . CaBI/IHZ, A. L. Ca:xeniok', B. B. Tpnumﬂl

1 .
Hucmumym adepnuvix uccreoosanuii HAH Ykpaunel, Kues

lrcr “Yepnoobwinockas AIC”, Cnagymuy

B pamkax MeponpusTHH 10 CHATHIO C JKCILUIya-
TallM{ BBINOJIHEHO IKCIIEPUMEHTAJIbHOE HCCIIEN0Ba-
HUE PaJUalUOHHBIX XapaKTEPUCTHK TOIUIMBHBIX

KaHaJIbHBIX TpyO

peaKkTopHOi

YCTaHOBKHA

PBMK-1000 »ueprob6moka Ne2 YADC. CoriacHo
pacuetam, 3a Bpems dKkciuryaranuu (T = 4758 cyT - ¢
nexabpsa 1978 mo okta6pe 1991 r.) B KOHCTPYKIHUAX
SHEproOJIoka HakoIuieHo ~ 1 muH Ku pamnoakTus-
HOCTH, BKJaJa TexHoyormuecknx kaHayioB (TK) co-

cTaBageT okoyo 60 %.

B pamkax JaHHOTO HccieqoBaHUs ObUTH U3Mepe-
HBI aKTUBHOCTH MPOIYKTOB aKTHBAIHH 94Nb, 93 "Nb,
9Co, *Fe, **Ni n *'Ca B o6pasnax TK, a Taxxe ak-
THBHOCTH TIPOAYKTOB Je/eHHs/aKTHBAMH  Nb,
0Co, 08, MCs, 13Cs, *Eu, 1Eu, 15Sb n tpasc-
ypaHOBEIX 31eMenToB (TYD) Z*Pu, 2Py, **'Am,
M Cm B KOPPO3MOHHOM CIIOE BHYTpEHHEH MO-
BepxHoctr TK. OOpasipl ObIH OTOOpaHBI Ha pas-
HBIX BBICOTHBIX OTMETKaX ISITH TOTUIMBHBIX KaHAIIOB
cornmacHo cxeme Ha puc. 1. Hccnenosanneie TK
pacrojaraiuch B LEHTPE aKTUBHOW 30HBI peakTopa
W UMeNHU 3HeproBeipaboTky P = 7 I'Bt - cyT.

HccnenoBanusi mpoBeAeHBl METONAMH Y-, X- H
O-CTIEKTPOMETPUH BBICOKOTO paspenieHus. [loaro-
TOBKa 00pa3loB BKIIOYaNTa PagHOXUMHUECKOE pas-
JeJICHHe U KOHIEHTPUPOBAaHHUE C HCIIOJIb30BAHUEM
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Puc. 1. Cxema otbopa
o6pasuoB TK (BbicoTHBIE
OTMETKH TOYEK 0oTOopa
YKa3aHbl B MM).

IIIOPIYHUK - 2010

METO/IOB  AKCTPAKIIHH
Y MOHOOOMEHHOU Xpo-
matorpaduu. Turma-
HbIE€ CIEKTpBl Y- U
PEHTTEHOBCKOTO  M3-
Jy4eHUM MOoKa3aHbl Ha
puc. 2 u 3.
[lomyuennsie pac-
MIpeJeNIeHus] aKTUBHO-
CTU TPOAYKTOB AaKTH-
BalllU U B7Cs o TN~
He TK xapakrepusy-
F0TCSl 00JIACTBIO TIJIATO,
KOTOpasi TMPUXOAUTCS
Ha [Wama3oH BBICOT
6500 - 11000 Mmm. Axk-
TUBHOCTH PaJUOHYK-

JINI0B COCTABJIAIOT.
108 MBk/r PMNb;
3,5MBr/r - Nb;

0,2 MBr/r - “Co u
3Fe; 10 kBx/r - *'Cs;
1 kBk/r - *Ni.

TK

Conepxanne ’Sr 1 TYD B KOPPOZHOHHOM CJI0€

cocraBwio = 3 kbx/r u (10 + 100)-n Bx/r, coot-

BETCTBEHHO. [loMy4eHbI OIICHKH 3amaca akKTUBHOCTH
M3MEPEHHBIX PaJMOHYKIUAOB U1 BCEH PEaKTOPHOMN
YCTaHOBKHU.

KonmgecTBo oTcueTOB

KoanuecTBo 0TCUETOB

KonnyecTBo oTCUeTOB

YNb (702.6 5B)
*Nb (871.1 kaB)

Pb Kx
“Co (11732 3B)

“Co (1332.5 k3B)

“K (1460.7 k3B)- don
Nb i cymme

s (661.7 kaB)
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Puc. 2. TunnuHeli criekTp Y-u3nyueHus oopasua TK.

NbKa-GeKo

NbLa,§
ZrLo,B

l NbKp-GeKp
NbKa-GeKp l NbKp-GeKer

T ZrKa-GeKo

ZrKa-GeKp

NbKo

Oneprus, k3B

Puc. 3. Cnektpbl peHTreHOBCKOoro u3imyuenus: oopasua TK:
BBEpXYy — 0€3 PagMOXHMMHYECKOTO pa3JeNIeHns! (TOJCTHIHA
oOpaser), BHU3y — I0CJIE PaAMOXUMUYECKOTO OT/IEJICHHS
BBICOKOAKTHBHOU Zr-Nb MaTpu1ip! (TOHKHI oOpaserr).
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RE-EVALUATION OF THE GAMMA-RAY ENERGY AND EMISSION PROBABILITY
FOR THE 159 keV TRANSITION IN 2*U FOLLOWING THE DECAY OF **Pu

A.N. Berlizovl, P. van Bellez, E. Zulegerz, H. Ottmar?

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
2 European Commission, Joint Research Centre, Institute for Transuranium Elements, Karlsruhe, Germany

*2py is one of the long-lived plutonium isotopes
being accumulated in nuclear fuel during the reactor
operation. The relative content of this isotope in the
spent fuel from light water power reactors is around
4 - 6 wt % at a conventional burn-up of 30 - 40 kW
day/gU, but can reach levels of up to 10 - 12 wt % at
elevated burn-up. The quantification of ***Pu be-
comes therefore an important issue from the nuclear
material accountancy, nuclear safeguards and nu-
clear safety perspectives, where both the total
amount of plutonium and its isotopic composition
are essential.

Because of the very low specific activity of ***Pu,
the non-destructive assay of this isotope by means of
conventional high-resolution gamma-spectrometry
(HRGS) is only possible for Pu samples highly en-
riched in ***Pu. For bulk samples suffering from the
self-attenuation and self-fluorescence effects, the
only practical choice for the quantitative analysis of
*2Py is the weak y-line emitted in the 159 keV tran-
sition of its o-decay daughter **U. A recent study
revealed a significant disagreement between the
*2Pu mass in a 99.72 % enriched ***Pu0O, sample as
reported by HRGS and neutron coincidence count-
ing (NCC). This motivated the present study on the
experimental re-evaluation of the y-emission prob-
ability for the 159 keV transition using a combina-
tion of -, y- and mass-spectrometry techniques.

The approach makes use of the presence of other
Pu isotopes in the above ***PuO, sample to derive
new characteristics for the 158.8 keV line of ***Pu in
a comparative way. In the immediate vicinity of the
158.8 keV line (see Figure) there occur y-rays from
9py (Ey = 160.31 keV) and **'Pu (E,, = 148.57 keV,
E;» = 159.96 keV), whose emission probabilities are
accurately known.
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Gamma-ray energy, keV

The spectrum region used to derive new characteristics
of the 159 keV transition. Open circles - fitted interval,
solid line - fitting model; dotted line - delineated
continuum.

The respective y-rays therefore can be used as an
internal reference. The narrow energy spacing of the
peaks requires only minor corrections for detection
efficiency, with a resulting small uncertainty contri-
bution to the final result.

To implement this approach, special procedures
for sample dissolution, isotopic characterization and
sample counting were applied (see details in [1])).
The obtained new emission probability P, = (2.20
+0.08) - 10° turned out to be =35 % smaller than
the currently adopted value [2]. The study also sug-
gested a new value E, = 159.018 £ 0.016 keV for the
energy of the respective y-ray.

The consistency of the new emission probability
value is proved by the independent NCC and mass-
spectrometry results (the latter are demonstrated in
Table).

Isotopic abundances in the ***PuQ, sample: HRGS vs. isotopic dilution mass-spectrometry (IDMS)

Nuclide HRGS with old P, IDMS HRGS with new P,
2¥py 0.0065 (6) 0.004722 (20) 0.00470 (20)
py 0.184 (22) 0.1230 (8) 0.135 (13)
0py 0.163 (23) 0.1268 (9) 0.122 (11)
#1py 0.032 (3) 0.02464 (22) 0.0235 (11)
2py 99.61 (4) 99.7209 (12) 99.715 (20)

1. A.N. Berlizov, P. van Belle, E. Zuleger, and H. Ott-
mar, Applied Radiation and Isotopes, 69, 531 (2011).
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2. F.E. Chukreev, V.E. Makarenko, and M.J. Martin,
Nuclear Data Sheets for A=238, 97, 129 (2002).
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KOHTPOJIb MOTY>KHOCTI PEAKTOPA 110 TAMMA-BUIIPOMIHIOBAHHIO '"*N

A. M. Bepaizos, 1. A. Manwk, O. ®. Pynuk, B. 1. Ciaicenko, B. B. Tpumun

Tnecmumym soepuux docnioxcenv HAH Yrpainu, Kuis

KoHTpob MOTY>XKHOCTI BOAO-BOASHUX PEaKTOPiB
3a0e3Me4y€eThCsl IITATHUMH CUCTEMaMH BUMIpPIOBaH-
HS TIAPOJUHAMIYHUX 1 TEIUIOTEXHIYHHUX IapaMeTpiB
peakTopa Ta HEHTpPOHHUX MOTOKiB. O0HaBa METOIN
MarOTh CBOi HEJONIKH: TMEpIIUil — MION0 OlepaTHB-
HOCTi (4epe3 iHepUiHICTh TEMIOTEXHIYHUX MpolLe-
CiB), IpyTHHA — Yepe3 HEeKOHTPOJIHLOBAaHY HEBH3HAUE-
HICTh pe3yJbTaTiB, 00YMOBJIEHY BUCOKOIO Uy TIIHBIC-
TIO 10HI3aliHHUX Kamep M0 Y-BUIPOMIHIOBaHHS Ta
MI0JIOKEHHSI OPTaHiB PEryJIOBaHHS.

VY pobori [1] yka3zaHO Ha JOIIBHICTh 1 TEPCICK-
THBHICTh KOHTPOJIIO TOTY>KHOCTI Ta BHUTPAT TEILIO-
HOCIisl Ha OCHOBI peecTpallii y-BHIPOMiHEHHS pajlio-
HYKITia N, mo YTBOPIOETbCS Y BOJI MEPIIOTO
KOHTYpY 3a peaxuieio °O(n, p)'°N.

3 MeToI0 po3po0KH IBOTO METOIY padialiiHOTO
KOHTPOJIIO B TEXHOJOTIYHUX MPUMIMIEHHSIX PEaKTo-
pa BBP-M 0yno 3MoHTOBaHO cTalioHapHy Oaiimac-
HYy JIHIIO JJIS TPaHCIOPTYBaHHS TEIUIOHOCIS MTePIIIo-
ro xKoHtypy. Ha 0a3i BHUCOKOIIBHIKICHOTO Y-CIICK-
Tpometpa Canberra CTBOPEHO YCTaHOBKY IS Oe3Ire-
PEpBHOTO BUMIPIOBAaHHS CHEKTPiB (pHc. 1) 3 MeTor0
TIOCTIKEHHS 3aJIe)KHOCTI iHTEHCHBHOCTI Y-KBaHTIB
"N Bin MOTY>KHOCTI peakTopa.
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Puc. 1. CiekTp Y-BUIIPOMiIHIOBAHHS TETIIIOHOCIS
B OalIacHii JiHii.

Ha puc. 2 i 3 HaBejeHO NOPIiBHSHHS iHTEHCHBHO-
cTi peectpauii y-kBaHTiB pafionykmiza '°N 3 moka-
3aHHSMH IITAaTHUX CHCTEM KOHTPOJIIO MOTYXKHOCTI
peakTopa.

OTpumaHa HaMH 31 CTaHAAPTHOIO HEBHU3HAYCHIC-
110 0,2 % mBHAKicTh niubn '°N 106pe Kopermoe 3
MOKa3HUKaMHU IITaTHUX CUCTEM, MAalo4d CYTTEBY
repeBary B YyTIMBOCTI NPU TOPIBHSAHHI 3 AaHUMHU
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10HI3aIIHHAX KaMep Ta B OMEPATUBHOCTI MPH MTOPiB-
HSHHI 3 pi3HuLe Temneparyp AT TermoHocis Ha
BXOJl ¥ BUXO1 aKTUBHOI 30HU.
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Puc. 2. ITopiBHSIHHS IHTEHCUBHOCT] Y-KBaHTIB
pamionykmina '°N i crpymy ionizauiitHoi kamepu (V).
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Puc. 3. [opisusiuus inTencuBHOCTI Y-KkBaHTiB ''N
i 3mirn AT B cranionapuomy pesxumi (A).

BaxknuBuM pe3ybTaTOM € HajiiiHa KOpeJsIis
intencusHoCTi y-kBanTiB '°N 3 AT y cranioHapHOMy
pekuMi, 60 came I1i Bl BETUUUHU 00’ EKTHUBHO BiJIO-
OpakaloTh CYKYNHICTh MPOLECIB BUAIJICHHS e€Heprii
B aKTHUBHIM 30HI peakTopa. IlepeBaroro KOHTPOIIO
10 '°N € cyTTeBO BMINA OTIEPATHBHICTH i Uy TIHBICTD,
0COOJIMBO TIPH 3aIyCKaX PeakTopa Ta MaluX PiBHSIX
MOTYKHOCT1 (Yepe3 iHepUilHICTh TEIJIOBHX IPOIle-
ciB). Iloka3aHo MOXKJIUBICTh OIEPATHBHOI OITIHKH
TEIUIOBOI MOTYXHOCTI B Jlialla30Hi 3HAYCHb BiJ Mi-
HIMaJBPHO KOHTPOJIHOBAHOI 10 HOMiHAJIBHOA.

1. E.A.TlanoB, B [losviuenue sgppexmusnocmu u Ha-
oéxcnocmu paduayuonnozo koumpons Ha AIC (M.,
1990).
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DERIVATION OF THE SOURCE TERM AND ANALYSIS OF THE RADIOLOGICAL
CONSEQUENCES FOR THE DESIGN BASIS ACCIDENTS AT RESEARCH REACTOR

0. V. Gaidar

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

Multipurpose research reactors (RRs) play impor-
tant role both for the development of fundamental
nuclear researches and development of applied nu-
clear and radiation technologies in different
branches of industry, medicine environmental sci-
ences and so on. Being smaller in size and generat-
ing much less nuclear energy than power reactors
RRs have a broader range of operation modes and
safety arrangements. The need for greater flexibility
in their use requires a comprehensive approach to
safety analysis. Safety analysis is mainly used to
enable the operator to understand the basis for safe
operation of the reactor and to demonstrate how the
design of the facility and the related operational
procedures contribute to the prevention and mitiga-
tion of accidents.

The objective of this work were to select a initial
event for most serious Design Basis Accidents
(DBA), that can lead to the release of fission prod-
ucts in the environment; deriving the source term
and analysing the radiological consequences of such
accident. For that purpose, possible initiating events
leading to accident sequences were evaluated. A
Fuel Channel Blockage (FCB) was selected as a
credible accident scenario for the WWR-M research
reactor due to the following arguments: relatively
high probability just of such accident for pool re-
search reactors; downward flow direction of cooling
water.

The literature review of the past FCB accidents
was performed to derive the source term. It have
been studied the consequences of FCB accident at
the reactors: SRE (USA, 1959), WTR (USA, 1960),
ETR (USA, 1961), ORR (USA, 1963), SILOE
(FRANCE, 1967), CIRUSIN-2 (INDIA, 1993),
CIRUSIN-2 (INDIA, 1994) ta BR-2 (Belgium,
1975) [1, 2]. The analysis of microstructural changes
and associated temperature markers [2] show that
the temperature in the centre of the fuel plate can
increase above 900 - 950 °C before the reactor was
scrammed.

At the same time it must be noted that the special
construction of the top part of the fuel elements, the
design of the top cover of the WWR-M reactor pool
and the organization of the protective measures as-
sure a high level of protection against blockage.
Thus, a blockage is feasible only for the specific
types of the small particles, the damage to the core
in this case is expected to be rather low and the re-
lease of the radionuclides occurs under water. In this

case primary coolant activity significantly increases
and the system for continuously control primary
coolant activity scram reactor. After release of fis-
sion products from pool water into the air over the
reactor pool, the control system of volume activity in
the air generates repeated signal to scram reactor. So,
it is reasonable to suppose that during accident one
fuel element is total melted (in view of conservative
approach).

To determine the fission product release from
melted fuel into the reactor pool water and following
release from pool water to the reactor hall and envi-
ronment the tedious literature review has been car-
ried out. It have to be noted that up to now the level
of uncertainties of the estimations is significant,
especially taking into account uncertainties in the
determination of fuel temperature, time scale of
processes and presence of fission products in differ-
ent chemical form. Therefore, "weighted conserva-
tive approach" has been selected taking into account
the unique experience of fuel element damage dur-
ing partial blockage accident at the BR2 reactor in
1975 [2], recommendation of international agencies
[1] and technical characteristics of the WWR-M
facility.

For calculating the doses and consequences for
the population and personal, the HotSpot-2.07,
FRAMES (GENII Acute Plume Model) and
MicroSheid codes have been used. Also the calcula-
tions by the approved methodologies with using of
MathCad software were performed. For the evalua-
tion of consequences to the staff and public the di-
rect gamma radiation through the reactor building,
the immersion dose, cloud shine, ground shine and
inhalation doses have been taken into account. Such
approaches permits to obtain values of effective
doses (at different distances from reactor building),
boundary conditions for different models, computer
codes and to evaluate the uncertainty limits due to,
for example, different meteorological conditions.

The comparison of obtained values for effective
doses with Operating Intervention Levels (OILs) or
minimal intervention level shows that any counter-
measures are not required.

1. Derivation of the Source Term and Analysis of the
Radiological Consequences of Research Reactor Ac-
cidents, IAEA SRS No. 53; 2008. 179 p.

2. A.Leenaers, F.Joppen, and S. Van den Berghe, J.
Nucl. Mater. 394, 87 (2009).
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CUCTEMA YIIPABJIHHSA BA3AMM JAHHUX (CYBJ) POSTGRESQL
AK HAJIMHE JKEPEJIO 3BEPEKEHHSI MOHITOPUHI'OBOI TH®OPMAIIII

10. A. XomeHko

Incmumym si0eprux docnioncenv HAH Yrpainu, Kuig

Panioeko0oriyHMi MOHITOPHHT € HEBiJl'EMHOIO
CKJIaJIOBOIO KUTTEBOTO LIMKIY AOCIIAHULBKOIO sje-
pHOTO peaktopa. BiH Mae BkiouaTu B cebe 30ip,
30epekeHHs] Ta HAKONMMYEHHST MOHITOPUHTOBHX Jia-
HUX, & TAKOX aHaji3 Ta MPOTHO3 CUTYyalii, 0 CKIa-
Jlach YU MOJXKE CKJIACTHUCS, AJISI IPUNHATTS eeKTus-
HUX Ta OOIPYHTOBAaHUX DillICHb.

VY nmaniii poOOTi aBTOp MpUALISLE yBary came Ie-
PIINM TPHOM eTamaM po3poOII0BaHOI MOHITOPHHIO-
BOi CUCTEMU.

MOHITOPUHIOBI J1aHi 30UparOThCs SK BiJX JaT4d-
KiB, [0 PO3TAIlIOBaHI B CaHITapPHO-3aXWCHIN 30HI,
TaK 1 BiJ TaTYHMKIB, IO PO3MIIIEHI T103a 11 MEKaMH.

Pagionoriuni Ta MeTeopoJyOTiuHI JaHI OTpUMY-
IOTBCSI B JIOKAJIBHOMY Ta MEPEKHOMY PEXHMi Bif
BIIMIOBITHUX JATYUKIB.

HakonuveHHsI MOHITOPHHTOBHX JaHUX IPOXO-
JIUTH y TPU €Talu: CHHTAaKCHYHHUH po30ip Qaiiny uu
MOTOKY, IO MICTUTh NaHi, 30€pekeHi B IMEBHOMY
dbopmari Ta 3a BITOMHMH TPaBHJIAMH; 3aIUC ITUX
po3mu(poBaHUX JAaHUX Yy TEBHI CTPYKTYPH JaHHX;
3alUC UMX CTPYKTyp y 0a3y HaHMX, IO BHCTYIIAE
JDKEPESIOM IXHBOTO HAIIHHOTO 30epeiKeHHSI.

30epekeHHsI IIMX JaHUX BUCTYIAa€ Ba)KIHBOIO
JIAHKOIO BCBOTO TMpOIecy, aJpke BOHO 3abe3redye
icHyBaHHA iHpopMamii Ha (Pi3UIHUX HOCIAX I 11
JIOBTOTPUBAJIOTO 30€piraHHs Ta MBHUIKOTO 1 3pyYHO-
ro JOCTYIly A0 HHUX Ul TapaHTyBaHHA poOOTH Ha-
CTYITHUX TiCUCTEM MOHITOPHUHTY.

Ha manomy erami po3BUTKY iHpOpMamiiHHAX TeX-
HOJIOT1H aKTyaJbHUM € 30epekeHHs JaHuX y 0azax
JaHuX.

IIIOPIYHUK - 2010

PuHOK mporpamMHuX MNPOAYKTIB MICTUThH BEIUKY
kinmpkicte CYBJ[. Tak, mis BuOOpY ONTHMAaIbHOI
CYBJl 6yn0 BHpIlIEHO BUIUIMTH PSAJl BaKIUBUX
napameTpiB s ii poOoTH: HEOOMEKEHICTh pO3MIpy
0a3u naHux; migTpumka cranmapty SQL; HasBHICTB
MPOIIETyPHOI MOBH; 00’ €EKTHO-OPIEHTOBAHUH ITiIXi;
MPOCTOPOBa 0a3a JaHuX; OC3KOIITOBHICTh. 32 IUMU
nokazHukamu 3 momixk Ttakux CYB/l, sk MS SQL
Server 2008, MS SQL Server 2008 Lite, MySQL 4.1,
Oracle 10, PostgreSQL 8.4, Oynmo oOpaHO OCTaHHIO
SIK TaKy, 1[0 TIOBHOIO MIipOI0 Bi/MOBiZa€ BCIM MOCTa-
BIIEHIM BHMOTaM.

[ 3abe3neueHHs 30epeKeHHS MOHITOPHHTOBHIX
JAaHUX Ta IXHIX BiJloOpakeHb OyJIO CTBOpeHO 0a3u
mannx  KINR Monitoring, = KINR Meta  Ta
KINR_GIS. Hns mBugkoro ta eheKTHBHOTO 3aHe-
CEHHSl METEOPOJIOTIUHMX AaHUX y 0a3y maHux Oyio
po3pobnerno  Taki  BOymoBaHi  QyHKmii, K
getvalueheight, synop_clouds count value,
synop_clouds_type name, parse_event meteo,
select event meteo Ta iH. 3a paxyHOK OCTaHHIX
mBox (yHkuid 3ammdposani y ¢opmari METAR
noronHi seuma (-DZFG) mpocto 1 HaxiiiHO Tepe-
TBOPIOIOTbCA Ha MAacuB BiAMOBIZHUX KOAIB y 0asi
mannx ({1;12;21}), a npu BigoOpaxxeHHI — Ha 3po-
3yMiJli KOpUCTyBadeBi Ha3Bu (“‘cimabka Mpska, Ty-
Man”).

Buxopucranus CYBJ] PostgreSQL 8.4 3a0esrme-
YUJI0 €KOHOMIIO KOIIITiB, 30€peKEHHS MOHITOPHHTO-
BUX JJAHUX Y HEOOMEKEHil KiNbKOCTi, BUKOPUCTaH-
HSl MOXKJIMBOCTEH TMpOLEeIypHOi MOBH Ta 00’ €KTHO-
OpIEHTOBAHOTO MiAX0My B 0a3ax MaHUX A eeKTH-
BHOI'O 3ammMcy Ta BHOOpPY HEOOXiTHHX JaHUX.
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BU3HAYEHHS BIOKIHETUYUHUX KOHCTAHT 3A TPUBAJIOIO HAJIXOJKEHHSI 130-
TOHIB 'Cs TA *'Sr +°°Y 1O OPTAHI3MY IIYPIB

L. II. Apo3n, A. Il Jluncbka, A. . ®ypca

Incmumym si0eprux docnioncenv HAH Yrpainu, Kuig

®opMyBaHHS 103 BHYTPIIIHEOTO ONPOMiHEHHS B
OpraHi3Mi cCaBIiB BU3HAYAETHCS, TOJOBHUM YHHOM,
OCOOTMBOCTSAMH KIiHETHKH IHKOPIOPOBAaHUX pasio-
HYKIiZiB B opraHax i TkanuHax [1, 2]. Ilpu npomy
3HAUYEHHS KOHCTAaHT IMEpPexXofy pagioHyKIiga MixX
opraHamu (0iOKIHETHIHUX KOHCTAHT) 3alieXkaTh Bix
CcTari, BiKy, CKIIaJly palioHy, yMOB YTPUMAaHHS, C€30-
Hy Tomo. BogHodac came Biag HUX 3aJeXHUTh Ipa-
BHJIBHICTH OIIHKH 703 BHYTPIIIHBOTO OMPOMIHEHHSI.
3a Ba OCTaHHIX MECATHPIUYSA BiIOYIHCS SKICHI 3Mi-
HU B PO3paxyHKOBIH JO3UMETpii — mepexia Ha Bik-
3aNekHi OaraTokamepHi Mopeni. MOXJIHBICTh 3a-
CTOCYBaHHS Teopil KaMEpHHX MOJENIEeH 10 CCaBIliB
JUI ONMCYBAaHHS KIHETHUKW PaJiOHYKIIIIB, 10 Ha-
i 10 opraHizmy, oOrpyHTOBaHa B po6oTi [3].
[Tpn ubOMy KiHETHKA OIHCYETHCS CHCTEMOIO aude-
PEHLIHHUX PIBHSHb MEPIIOTO MOPSIKY, CKIaJCHUX
Ha OCHOBI OajaHCy aKTHBHOCTEH B opraHax (kKame-
pax).

dqg _
d_z =Aq (1), (1)

1e A — MaTpHIs CUCTEMH, HelllarOHAJIbHUMH eJeMe-
HTaMmH siKoi € OiokiHeTnuHi koHcTaHTH (Aj); G (1) —

BEKTOp, KOMIIOHEHTH SKOTO OMUCYIOTh BMICT pafio-
HYKJIiZ]a B OpraHax.

Posp’si3kom cuctemu (1) € 3HaueHHs OiokiHe-
TUYHUX KOHCTAaHT. /[l MonentoBaHHS BHYTpill-
HBOT'O OIPOMIHEHHS JIIOAMHU KaMepHi MOJIeJi BUKO-
PHUCTOBYIOThCS Bike oHaH 30 POKiB.

VYrepiie KiHETHKY i30TOIIB I€3if0 1 CTPOHIIIIO B
opraHi3mi J1abopaTOpHUX LIYpiB 32 KAMEPHUMH MO-
JeNsIMH OIMCaHoO B poOoTi [4], me aBTOp, PO3B’s-
3aBIIM HAOJIKEHUM METOIIOM CHUCTeMY DiBHSHB (1)
(BUKOpHUCTABIIM TPHUKJIATHUN MPOTpaMHUN MaKeT
Maple 6), oTpumaB 3HaYeHHs1 OIOKIHETHYHHX KOHC-
TaHT AJIS KOXKHOTO opraHa TBapuH. OmHaK Ajs mid-
BHINCHHS TOYHOCTI PO3B’sI3yBaHHS 3rajlaHOi CHCTe-
MU DIBHAHb METOJA MOTpedye YAOCKOHAICHHS. 3
Li€I0 METOI0 HaMH OYyJI0 BUKOPHUCTaHO MeTox PyHre
- Kyrra Ta 3acrocoBaHo amanTariifHU{i anropuTM,
IO Ja€ 3MOTy IUIAXOM TOCHIJOBHUX HAOJIIKEHb
3HAUTH ONTHMAalbHUH PO3B’SA30K. 3a UM aJITOPUT-
MOM CTBOPEHO KOMII'IOTEpHY Nporpamy Ha MOBi
FORTRAN, sixa mo3Bossi€ 3 MPUHHATHOIO TOIHICTIO
BU3HAUaTH OiOKiHeTW4HI KoHCTaHTH. Ha puc. 11 2
MIOKA3aHO TOPIBHSHHSA EKCIICPUMEHTAIBHUX Ta MO-
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JICJIbHUX KPUBHX, M0 OMUCYIOTh JUHAMIKY HAKOIIH-
YeHHs 11e3110 Ta CTPOHIIiI0 BixmosigHo. CriocTepira-
€TBhCS 33J0BUTBHUM 30ir (y Mexax 15 % moxubkn),
110 CBIIYUTH MPO KOPEKTHICTh MO/ICIIFOBAHHSI.

A 100000 + _
& 80000 4 T
Q
560000
2 -=-0=-- MOJIETh
@ 40000 7 —&— eKCIlepHMeHT
20000 A
0 1 T T T T
0 10 20 30 40

TepMmiH HaIXOKEHHS, 100a
Puc. 1. Jlunamika HakomudeHHs ' Cs B M’s30Biil TKaHHHI

IIypiB 3a IIOJCHHOIO MEPOPaTbHOIO HAIXOJKCHHS
15 bk i3oTomy; 6 = +15 %.

10000 -
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4
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TepMmiH HaIXOIKEHHS, T00a

Puc. 2. Jlunamika HakomuuenHs St + *°Y y kicTkoiii
TKaHMHI LIypiB 3a LIOAEGHHOTO IEPOPaIBLHOTO HAIXo-
JoxeHHs 4,94 kb i3o0Tomy; & = +15 %.

1. W.A. Bacunenko u O.W. Bacunenko, JHeprusi: 5KOHO-
MHKa, TeXHHKa, dKkoorus 7, 16 (2001).

2. W.A. Bacumenko n O.U. Bacunenko JHeprus: SKOHO-
MHKa, TeXHHKa, dKoorus 4, 26 (2002).

3. WN.A. Jluxtapes, Agmopeg. oucc. 0-pa ¢us-mam. HayKk
(JINPT, JI., 1974).

4. A.l Jlunceka, Asmopedh. ouc. 0-pa bion. nayx (15171,
K., 2008).

IHCTUTYT AJAEPHUX AOCJIPKEHb HAH YKPATHU



PAIIOEKOJIOI'TA TA PAAIOBIOJIOITA

HUTOTEHETUYHI E®EKTU B JIM®OIUTAX MEPUPEPIHHOI KPOBI
HEPCOHAJIY HNIAPAJHUX IIANIPUEMCTB ACII YAEC

JI. B. Tapacenko, T. B. lluranok, 10. O. Hocau, JI. K. be3gpoona

Incmumym si0eprux docnioncenv HAH Yrpainu, Kuig

Ha 06’exti “Yxpurrsa” JCII YAEC 3 2004 p. pe-
aMi3Y€ThCH TJIaH 3MIHCHEHHS 3aXO0JliB, CIIPSIMOBAHHUX
Ha TIEpETBOPECHHsS 00’€KTa B €KOJOTIYHO Oe3medHy
cucremy. Jlo poOiT 31 CTBOpEeHHsS HOBOTO KOH(aii-
MEHTa 3aIy4eHO MEepCOHaNl Pi3HUX CHelialbHOCTEH
MIPSAHUX MAMIPHEMCTB. [lepcoHan BUKOHYE po6o-
TH B TOJSIX 30BHIIIHBOTO OMPOMIHEHHS PI3HOI iH-
TEHCUBHOCTI Ta 3a HAsABHOCTI Ha POOOYMX MICIISIX
BHCOKOAKTUBHUX BIIKPUTHX PATIOHYKIITHUX JDKe-
pen (P***'Pu, *'Am, °Sr, *'Cs) i moxmBocTi iX-
HBOT'O HAJXOJKCHHsI 10 OpraHi3My y BHUIJISII aepo-
3os1eii. KoHTpos BHYTPIIIHEOTO OMIPOMiIHEHHS MOXK-
JTUBUN JIAINE TP JOCHIDKEHHI O10JOTIYHUX BHII-
JieHb (ceda, kan). s ocid 3 HAHOLIBIIUM PUHMKOM
iHKOpTOpalii Takuil KOHTPONb 3AIHCHIOE BiAIiN
no3umerpii HIIPM. YpaxoByrouu Benuky HebOesre-
Ky BHYTPIIIHBOTO ONPOMIHEHHS IUIS 3JI0POB’S JIIO-
JIeH, NOIIbHE pPaHHE BUSIBJICHHS IMOYAaTKOBUX BijI-
XuiieHb. HaiOinpll 4yTiIMBUM 1HIWKATOPOM pajia-
IHHOTO BIUTMBY Ha JIOAUHY € abepallii XpoMocoM y
COMAaTHUYHHUX KJIITHHAX.

3 BUKOPHCTaHHSM METOAY KIACHYHOTO aHaji3y
abepariiii XxpoMocoM y JiMQonuTax KpoBi HaMH
MPOBEJICHO LUTOTEHETUYHE OOCTEe)eHHs 12 oci0 3
miApsSAHOTO TepcoHany o0’ekta “YKputTTs” 3a ix-
HBOIO TTUCHMOBOIO 3ron0r0. TpuBamicTh iXHBOI po-
00TH B JIOKaJNBHIN 30HI 00’€kTa “YKpUTTS CTaHO-
BUTH B 3 mo 19 MicAmiB, OTpuMaHi 103U 30BHIIII-
HBOTO onpomMineHHs — 2,33 + 20,43 M3B (3a JaHUMHU
nmaboparopii [JIK JCIT YAEC). Bik oOcTexxeHmx
0cib 24 - 37 pokiB.

BusiBiieHo (puCyHOK), 110 Yy HiAPSIHOTO MEPCO-
HaJly YacToTa MapKepiB pafiamiifHOTO BIUIMBY —
MIXKXpPOMOCOMHHX OOMiHIB: (HecTaOlIbHUX (IUIICH-
TPUYHHX 1 KUTBLIEBUX XPOMOCOM pa3oM) 1 cTabiib-
HAX (QaHOMAJBHHX MOHOIICHTPHKIB)), ITOCTOBIpHO
MIEPEBHUIIY€ BIAMOBIAHI CEpeAHBONMONMYIIALINHI PiBHI
[1] i 3Ha4YeHHs B Ipynax MOPIBHSHHS — MEIIKaHIIIB
CnaBytnya (perioHanpHHII KOHTpONb) Ta Kuena.
Txmiit pIBeHb HE BIANOBIAAE€ J103aM 30BHINIHHOTO
ONPOMIHEHHS, OTPHUMaHUM IIiJl Yac mpodeciiHoi
IisutbHOCT1 Ha 00’ekTi “Yipurrsa”. Jlume 20 % Bu-
SIBIICHUX HECTaOLTBbHUX OOMIHIB CYMPOBOIKYIOTHCS
napHUMH (QparMeHTaMu, HasBHICTD SIKUX, 3 BEJIUKOIO

IIIOPIYHUK - 2010

JIOJIEI0 WMOBIPHOCTI, yKa3ye Ha BiJIHOCHO HE/IaBHE
omnpoMiHeHHs. 3adikcoBaHI JUICHTPUKHN 0€3 CyIpo-
BiTHUX (h)parMeHTIiB, IMOBIpHO, CBiJYaTh MO mepe-
HEeceHe ONpPOMIHEHHs B MHHYJOMY. 3i ciiB obOcre-
XKEeHHX 0cCi0 (OmUTyBaJbHA aHKETa) HIXTO 3 HUX 10
poboTH Ha 00’ ekTi “YKpUTTSA” He mpaiioBas y chepi
BIUIMBY 10HI3yIOUOTO BUIIPOMIHIOBAaHHS 1 HE MEIIKaB
Ha TEPUTOPIfX, oGillifHO BiAHECEHUX 10 30H pPajio-
HyKJTigHOTO 3a0pynHeHHs. Ha wac YopHOOMIBCHKOT
aBapii oOctexeHi ocobu Oynu abo HEMOBISITaMHU,
abo pitemu 110 12 pokiB, TOOTO HAHOIIBII PagiOUyT-
JIMBOIO KaTeropiero HaceleHHs. He BHKIIOYEHO, IO
BUSIBJICHUH epekT BinoOpakae MyTarcHHE HaBaHTa-
JKeHHs, OTpUMaHe B AMTHHCTBI, IO MOTpedye mo-
JAJIBIIOrO JOCIIKEHHS (0OCTE)KEHHS BiAITOBIIHOT
3a BIKOM KOHTpPOJBHOI rpymu). B okpemux ocib Bu-
SIBIICHO TIOOJIMHOKI KJIITUHY 3 JBOMa MIXKXPOMOCOM-
HUMHU OOMiHaMH (110, MOXKJIMBO, OOYMOBIIEHO BHYT-
pIIITHIM OTPOMIHEHHSM 3a pPaxyHOK IHKOpIoparii
pamionykmizis *'Cs 1 *°Sr + *°Y) a6o 3 moBHicTIO
PO3apO0IICHOI0 XPOMOCOMOIO (IMOBIPHO 32 PaxyHOK
Ii1 IHKOPIIOPOBaHUX TPAHCYPAHOBUX EIIEMEHTIB).
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CepenHBOTpYyIIOBa YacTOTa abeparliii: / — ycix XpoMocoM;
2 — mapHAX (parMeHTiB; 3 — TOYKOBUX MAPHUX (parMeH-
TiB + alEHTPUYHUX KiJenb, 4-TUIEHTPUKIB + LEHTPHY-
HUX KiJenb; 5 — aHOMaJbHUX MOHOLIEHTPHKIB; 6 — yCiX
XPOMOCOMHOTO THILY.

1. H.IIL boukos, A.H. Ye6orapes, JI.JI. Katocoa u B.U.
IInatonoBa, ['enetuxa 37 (4), 549 (2001).
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OUTOI'EHETUYHA ONLIHKA BIIVIMBY BUPOBHUYNX YMOB
HA POBITHHUKIB JACII “KOMIUIEKC”

JI. B. Tapacenko, T. B. lluranok, T. B. MeabHuk, 1O. O. Hocau, JI. K. be3npoona

Incmumym si0eprux docnioncenv HAH Yrpainu, Kuig

JACIT “Kommiekc” - rojoBHE MiINPUEMCTBO B
30Hi BiguyxkeHHs UAEC 1o MmoBOKEHHIO 3 pajio-
aktuBHUMH Binxonamu (PAB) Ta nezaktuBartii. I1in-
MPUEMCTBO 3a0e3redye eKCIUTyaTalil0 OCHOBHHX
00’€KTiB, MOB’s3aHUX 31 30epiraHHsM, MepepoOKoI0
Ta ne3akTuBauniero PAB.

Hamu mpoBeneHO IHUTOTEHETHYHE OOCTEKEHHS
rpyn oci0 3 mepcoHany 1exy moBomxkeHnHs 3 PAB i
[exXy Je3aKTHBalii 3 METOI IHIWKaIlii BIUIMBY Ma-
JIAX JI03 BUIPOMIHIOBaHHS Ta XIMiYHUX YHHHHKIB Y
mporieci nmpodeciiHol AisUTLHOCTI HA MiANPHUEMCTBI.
Ob6crexeni ocobu BikoM 28 - 60 pokiB sKi mparro-
FOTh TIPOTATOM 5 - 19 pOKiB y BaXTEHHOMY PEXHUMI
(15/15 puiB), orpumanu, 3a IaHUMHU JabopaTopii
IAK, cymapHi 1031 30BHIIIHBOTO ONPOMIHEHHS Bix
5,67 mo 57,24 m3B. 3a oCTaHHI II'ATh POKIB cepe/l-
HBOPIYHI 1HJUBIAyaJIbHI JI03U 30BHIIIHLOTO OMPOMIi-
HEHHS CTaHOBJATH 1,2 - 1,58 M3B. 3rigHo 3 BUMIipIO-
BaHHSMH Ha CIIEKTPOMETPi BUIIPOMIHIOBAHHS JTFO/IH-
uu inkopropamii Cs"’ y Hux me BusBieHo. Cepen-
HBOTPYIIOBI 3HAYEHHs BIKYy, NMPOQeciiHOro CTaxy,
7103 ONMPOMIHEHHsI B Ipymax IepcoHaly 000X LeXiB
3HAYUMO HE BiZIPi3HAIOTHCS. POOITHUKH TIeXy Ie3aK-
tuBawii PAB gomaTkoBo mianagaroTh Mif QK0 XiMid-
HUX (JIyTH, KUCJIOTH, OKCHJ a30Ty) i pi3nyHuX (IIyMm,
BOJIOTIiCTB MOBITPsI 10 94 %) daxTopiB. 3a pe3yibTa-
TaMH aTecTallii podoYnX MicIlb, Ha PoOOIOMY MiCITi
JIe3aKTHBATOPHUKA B 30HI JUXaHHS BUSBJICHO Iepe-
BHIIEHHS TPaHUYHO JIOMYCTUMHUX KOHIIEHTpAIil
COJISTHOI, cipyaHoi, a30THO1 Kuciot B 1,4 - 1,5 pasm.

st mopiBHSHHS OyJ0 00CTEXKEHO IpyIy KIIiHiY-
HO 3JIOpOBUX MeIKaHIiB KreBa aHanOri4HOTO BiKY,
SIKi HE MaJIM KOHTAaKTIB 3 MyTareHHUMH YAHHHKAMHU.

BusiBiieHo, MO piBEeHb HUTOTCHETHYHHUX €(PEKTiB
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y nepconany JICIT “Kommiekc” BipOTiIHO BHIIIMIA,
HiX Y KOHTpPOINBHIN Tpymi (pucyHok). Ilpu npomy B
JIE3aKTUBATOPHUKIB CEpeIHLO-TPYIIOBA YaCTOTA BCIX
XpPOMOCOMHHX abepalliii 3Ha4YMMO BUINA, HIK Y Iie-
pepobnukiB PAB. Lle o0ymoBIeHO, B OCHOBHOMY,
BIpOTiMHUM 301IBIICHHSIM abepariiii XxpoMOCOMHOTO
TUNY (XapakTepHUX JUIsl Jii paaiallifHOro YNHHUKA)
i, y mepuy 4epry, HecTaOinbHUX 1 CTAOUTBHUX MiXK-
XPOMOCOMHHX OOMIiHIB, 110 € MapKepaM{ BIUIMBY
BUTIPOMIHIOBaHHSI.

TakuMm yMHOM, X0Ya I XIMIYHMX YHHHHKIB Xa-
paKTepHOIO € iHAYKHiA alepariii XpoMaTHIHOTO
THITy, 32 YMOB CyMICHOI iXHBOI mii 3 pamiariiHum
YUHHUKOM €(EeKT OTPOMIHEHHS MTOCHIIOETHCS.
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Tun xpomocomHux abepalii

Cepenuborpymnosa yactora: / — ycix abeparliii XpoMOCoM;
2 — xpomatugHoro tumy; 3 — napHux ¢QparmeHTiB; 4 —
TOYKOBHX MApHUX (PParMeHTiB + aleHTPUYHUX Kilelp; 5
— IULEHTPUKIB + LEHTPUYHHX KiNelb; 6 — aHOMAalbHHX
MOHOIICHTPHUKIB; 7 — YCIX XPOMOCOMHOT'O THITY.

IHCTUTYT AJAEPHUX AOCJIPKEHb HAH YKPATHU



PAIIOEKOJIOI'TA TA PAAIOBIOJIOITA

OINEHKA IIUTOTEHETUYECKHUX JAHHBIX C NIOMOIIBIO KIIACTEPHOI'O AHAJIM3A

E. O. Bypuno', JI. A. BumneBcknii’

1 .
Hucmumym adepruix uccneoosanuii HAH Yxkpaunul, Kues
2 N .
Yepnoobvinvckutl paouosxonocuveckuti yenmp MYC YVipaunst, Yeprobwiiw

Cratuctiueckass o0paboTKa NaHHBIX, MOJTYYeH-
HBIX B pe3ylbTaTeé LUTOT€HEHTHYECKOTO aHajm3a,
MOpPOM COMpsKEHAa C HEKOTOPBIMU  CIIOKHOCTSIMU.
CrannmapTHble W TPaAWIMIOHHO TPHMEHSEMBIE CTa-
TUCTUYECKHE METOBI TOPOH HE TO3BOJISIOT BHISIBUTH
pasnuuug MEXAy UCCIeNyeMbIMU TPYIIaMHU KHUBOT-
HbIX. [ToCKONBKY OpraHu3M sIBISETCS CHUCTEMOH, Bce
COCTABIISIOIINE KOTOPOM CBSI3aHBI M B3aMMO3aBUCH-
MBI, BO3MOKHO MPEAINOI0KHUTh, YTO aHAIN3 KaKIOT0
OTZAENBHOTO IapaMeTpa CUCTEMBI, 0e3 yuera APYrux
rapameTpoB, Oy1eT MaTOnH()OPMaTHBEH.

WccnenoBanns MpOBOAWMINCH HA MBIIIAX JIMHUAU
BALB/c (B KOHTPOJIFHON U JBYX SKCHEPUMEHTAIb-
HBIX Tpymmnax). OOiy4eHne MpoBOIMIN Ha YCTAHOB-
ke «dramom» “Co ¢ mommocts 10361 0,72 c[p B
cyTkd. JKUBOTHBIX 00myyanu B Tedenue 7 u 60 cyT.
(5,04 u 43,2 cI'p). IlpenapaTsl KJIETOK KOCTHOTO
MO3ra TOTOBWIIA OOIIENPUHATHIM cItocoOoM (6e3 mc-
TTOJTB30BaHUS KoJXunwHA) [1], Bcero ObUTO TIpoaHa-
JU3UPOBaHO 87 ThIC. KJIETOK, MO 3 ThIC. KIETOK OT
KaXKI0T0 JKUBOTHOTO. MccienoBana gacTora BCTpe-
9aeMOCTH aronTo30B (A), IBysaepHbIX kieTok (I151),
uHTep(]a3HBIX KIETOK C Olepekaronieldl KOHIEeHCa-
nueidt xpomocom (OKX), murozoB (Mer) [2]. Cra-
TACTHYECKYI0 00pabOTKy HaHHBIX TIPOBOAMINA C
nomoinpio nporpammel STATISTIKA 7.0.

He oOHapyeHO CTaTUCTHYECKH IOCTOBEPHBIX
pasnuuuil 0 BCeM MapaMeTpaM MeXIy KOHTPOIb-
HOM W DIKCHEPUMEHTAIBHBIMU TPYIIIAMH, MTO3TOMY
JIOTIOJTHUTENILHO OBLT MPOBEACH KIIaCTePHBIN aHAIU3.

HcxonHoe mpeanonoxkeHne KIacTepHOTO aHall-
3a 3aKII0YaIOCh B TOM, YTO y Ka)JIOTO YKHBOTHOTO
CyLIeCTBYeT Ha0Op MapaMeTpoB, B JaHHOM cCllydac
ato OKX, MET, Il koTopble MOTyT XapakTepu3o-
BaTh COCTOSTHHE OIPENIEIICHHON CHCTEMBI OPTaHu3Ma,
U pa3iIuyaeTcsl TOJBKO YacTOTa MX IPOSIBICHUS B
Kaxaoi rpymme. [Ipu KiacTepHOM aHaiwW3e B MPO-
CTPaHCTBE MMapaMeTPOB KaXKIOMY >KUBOTHOMY IPH-
CBaMBaeTCs TOYKA, B JAJIbHEWUIIEM 3TH TOYKU TPYTI-
MUPYIOTCS, U OMM3KOPACIONIOKEHHBIE B TPOCTPaH-
CTBE TOUKH (OPMHUPYIOT KiacTep. B nannom ciyuae
chopmupoBaHo nBa kiactepa. Kimacrep 1 ¢ BRICOKH-
MU 3HAYCHUSIMH, KIAcTep 2 ¢ HU3KUMH (PUCYHOK,
tabn. 1 u 2). PaccrosHue Mexay kimacrepamu 5,8.

Tabnuya 1. PesyabTaTsl ananusa (M £ 29)

Y4acTHHKHU KIaCTEPOB B MPOCTPAHCTBE [TAPAMETPOB.

[Tocne pacmpeneneHuss y4acTHUKOB KIIACTEPOB
M0 UCXO/HBIM SKCIEPUMEHTAILHBIM TPYIIIIaM BBISB-
JIeHA MHBEPCHS KIAaCTEPOB B COOTHOIICHUH OT 3/7 10
7/3. To ecTh B KOHTPOJBHOH TpyIiIe ObUIO TPH KH-
BOTHBIX C UCXOJHO BBICOKMMHM 3HAYCHUSIMU, a IOCTE
00TydeHrs M B TIEPBOM, M BO BTOPOH DKCIICPUMEH-
TaJbHBIX TPYIIIAX OKa3aJIOCh IO CEMb >KHBOTHEIX C
BBICOKMMU 3HAUCHUSMH.

[IpumenenHslii Meton 0OpaOOTKM JaHHBIX TIO-
3BOJISIET MIEPENTH OT CPEAHETrPYIINOBBIX MTOKa3aTenei
o Kaxzaomy otnensHomy mapamerpy (OKX, MUT,
J51) x vHAMBHTy aTbHOMY MHTETPUPOBAaHHOMY TOKa-
3aTeiro s KaKJOTO >XHUBOTHOTO (TOYKE B IIPO-
CTPAaHCTBE IApPaMETPOB), YTO B CBOIO OYEpeIh IIO-
3BOJIMJIO BBISBUTH 00JI€€ PajlodyBCTBUTEIIBHBIX
JKHBOTHBIX B KOHTPOJBHOHM TPYMIE M MOKa3aTh, 9TO
y TPYIII >KUBOTHBIX, OOJIy4aBIINXCS B TEUCHHE 7 U
60 cyTOK mMpoUEeHT 0o0Jee pagruoYyBCTBUTEIBHBIX
0co0eil OIMHAKOB.

Tabnuya 2. CocTaB yYaCTHHKOB KJIACTEPOB

Knactep | Mapaverpst Cpen- | CranmaptHoe | Koadpdunuent
Hee OTKJIOHEHHE Bapuanuy

OKX 9,20 3,86 14,89

1 Mer 17,53 4,22 17,84
JA 6,87 4,97 24,70
A 0,87 1,36 1,84
OKX 4,64 3,15 9,94

) Mer 7,64 1,95 3,79
J 2,79 1,72 2,95
A 0,50 0,76 0,58

I'pynma OKX Met J1 A
Kontpons | 640276 | 1140573 | 440+4.84 | 0,60+0,97
5,04 cI'p 8,33£5,79 | 14,67+£6,08 | 6,44+5,05 | 0,89+ 1,62
432clp | 640378 | 1240+6,34 | 400£2,54 | 0,60+ 0,69

IIIOPIYHUK - 2010

1. A.C. I'pacdonarckuit u C.U. Pamxadbmu. Xpomocomsi
CeNbCKOXO3ANUCMEEHbIX U 1aDOPAMOPHBIX  MIEKONU-
marowux (Hayka, HoBocubupck, 1988), 128c.

2. Zhuan-Zi Wang, Wen-Jian Li, Hong Zhang et al.,
World J. Gastroenterol 12(16), 2601 (2006).
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MEPEKUCHI MPOLIECH Y KPOBI 1IYPIB
3A TPUBAJIOI'O IEPOPAJIBHOI'O BBEJEHHS “'Cs

10. 11. FaneBnql, A. L Jlunceka', LTI I[poml, C. B. Teaeupka', JI. I. MakoBenbka’

1 . . .
Incmumym si0eprux docnioxcenv HAH Yrpainu, Kuis
IHemumym excnepumenmanvHol oHKon02ii, namonozii i padio6ionocii im. P.€. Kaseyvkoeo HAH Vkpainu, Kuis

CynepeunuBicTh HayKoBOi iH(popMarii mozao 0Oi-
OJIOTIYHUX e()EeKTiB MaJTuX 103 ONMPOMIHEHHS CTUMY-
JIO€ iHTepec HAYKOBIIB a0 miei mpoOiemu. Kpim
LBOTO, ICHYIOTh KpaliHi TOYKM 30py NpO CTYIiHb
HeOe3MeKN MaIuX 7103 pajiallii: BiJ KaHIIEPOTEHHOTO
Ta MyTareHHOro e(eKTiB J0 CTUMYIorUoi aii (Ti-
nmore3a pafiauiiHoro ropmesucy). HaykoBuii inre-
pec o OioyoriyHuX eeKTiB MaIUX 103 10HI3YI0UO0i
paxiariii oOyMOBIICHHH TaKOX HAasSBHICTIO HEOIHO-
3HAYHUX, YaCTO CYNEPEWIMBUX PE3YJIbTATIB JOCIHi-
JK€Hb, YaCTHHA SKUX CBIAYUTH PO BiACYTHICTH Ji-
HIMHOI 3aJIeKHOCTI “mo3a - epexT” B 00JIacTi MaIHX
7103, 1HIIIA YaCTHHA - PO BUCOKY OioJyoriuny edek-
TUBHICTH XPOHIYHOTO OINPOMIHEHHS B CHCTEMax
PI3HOTO CTyNeHsI CKJIAaTHOCTI a00 BEIHKY TreTepo-
TCHHICTh BIJIOBIJIi CUCTEM Ha “‘CiaOKuil BILUITUB” y
i 00J1acTl 703.

IIpeacraBieHa pobota € HparMeHTOM KOMILIEKC-
HHUX JOCIIKEHb 0COOJIMBOCTEH TIepediry ImepeKuc-
HHUX TPOLIECIB Y KPOBi TBApWH, ONPOMIHEHHX Y Pi3-
HUX JI03aX Ta 3a Pi3HMX pexkuMiB. Ii MeToro OyIo
JOCITIJKEHHST TUHAMIKY ITUX TIPOIECIB Y KPOBi ITy-
piB 3a moka3HuKaMu xeMimoMiHicteHii (XJI) kposi
y mpoteci i nepoKkcuIa3Horo OKMCHEHHS 33 TpUBa-
noro Hagxomkenns ! Cs (15 xbx/mo0y mpoTarom
45 ni6). JocnmimkeHHs BUKOHYBAIM Ha CTAaTEBO3Pi-
aux mypax-camisgx macoro 180 - 230 r. HlonenHo
KOXHIW TBapuHi mepopaibHO BBOAwIM 1o 0,2 mi
posunny 'Cs y AMCTHIBOBaHIH Bomi. 3araibHa
TPUBANICTh CIIOCTEPEXKCHHSI cTaHoBWia 135 nmil.
[epexucHi npouecu B KPOBi BU3HAYAIH 32 METOIOM
Tomeno [1] ma xemimominomerpi XJIMII[-01 3a
MOKa3HUKaMH CBITIIOCYMH CBiYeHHS 32 5 XB (D 300) Ta
HOro MakCHMMabHOI IHTEHCUBHOCTI (Imax ).

[IpoTsiroM excriepuMeHTy B TPYIli KOHTPOJIBHHUX
TBapHWH HE BUSABICHO CYTTEBUX 3MIH SIK Y 300,TAK 1
Lnax- Tak, SIKOIO Ha TMOYATKY EKCIIEPHUMEHTY iXHi
CepelHi 3HA4YeHHS CTAHOBWIH IJS ) 300215 - 10° +
+19 - 10 imM/5 xB, @ 1 Ly 1100 % 98 imm - ¢!, o
Hanpukinmi (135 106a) Boru cranoBumm 210 - 10°+
+ 18-10° imm/5 xB 1 950 + 89 imm - ¢! BIJIIIOBITHO.

BojHouac y rpymi TBapHH, SKHM BBOTMIH ' CS,
BUSIBJIICHO KOJIMBAIBHUI XapakTep 3MiH MEpOKCHa-
3HOI aKTHBHOCTI KpoBi. [lpu 1bpOMy 3MEHIIEHHS
noka3HuKiB XJI HOPiBHAHO 3 KOHTPOJIEM PeECTpyBa-

gucst Ha 1, 14 1 135 go0u, a ixHe 30UIbIIEHHS — Ha 4,
30 ta 44 nobwu.

®azni (konuBanbhi) 3MiHu XJI BiAmoBimi Kposi
BKa3yIOTh Ha aKTHBI3aLlil0 3aXMCHUX CHJI OpraHi3My,
CIIpSIMOBaHy Ha BHpPIBHIOBaHHSA Ta CTaOimi3aIiio
OKHCHO-BITHOBHOTO TOMEOCTa3y B HOro ¢epmeHra-
TUBHIH NaHLi, Ipo 1110, 32 JAHUMH JIiTepaTypH, CBil-
YaTh TaKOX 3MIHHM KaTaJla3HOI, CYMEPOKCHIINCMY-
Ta3HOi Ta TIIFOTATIOHTIEP-OKCHIA3HOI [2] aKTHBHOC-
Tel KpoBi.

BigHoBneHHs KiHeTHUHUX TapamerpiB XJI 3a
TPUBAJIOTO BBEIEHHS 130TOITy mpoTsaroMm 135 mib
CIIOCTEPEIKEHHSI HE BiZIOYBAEThCS (PUCYHOK).

m -
350 -
300 -
250 4

150 -

8
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- =
I

Caitnocysn caivierns kpogi
{E300r 1000
o]
&

1 2

3 4 3 6 7 8 9

Tepmin onpomiHeHHsI, 100a

16 11

CaitTiocyma CBIiYeHHS KPOBi (X3p0) LIypiB 3a TPHUBAJIOTO
BHYTPIIIHEOTO ~ BBEZICHHS Bics: 1 - BHUCXIJHA;
2-11-1, 4,15, 30, 44, 60, 70, 90, 100 ta 135 nobu
BIiAIIOBIHO.

Ha 135 noOy 3HauHO (Maiike y ABa pa3u) 3MeH-
IIYETHCS SIK aKTUBHICTh (PEPMEHTY, TakK i HOTO Killb-
KiCTh, IO MOXKE MPHU3BOIUTH 0 3MIHM Karajizy
JUCMYyTalii akTUBHUX (OpPM KHCHIO Ta iHTeHCH(i-
Kalil BUIbHOPAIUKaJIbHOTO OKMCHEHHS, L0 Y CBOIO
gepry 30LTbIIye WMOBIPHICTh MaJITHII3aMii TKAaHUH,
3MIHM OKHCHOT'O METa0OJIi3My, BUCHAKCHHS 3aXHC-
HO-KOMITEHCaTOpHUX (YHKLiH, a ¢dakrop dvacy B
YMOBax MOCTIHHOTO BIUIMBY MallX JI03 pafiamii €
BU3HAYAIbHUM UYHHHHMKOM, IO OOyMOBIIOE iXHIO
Oionorivny nito.

1. Toledo et al., Biochemistry 105-1, 162 (1980).
2. LM. Harsko ta M.U. Hanko, [omnosini HAH Ykpainu
8, 149 (1999).
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THE STUDY OF THE RADIONUCLIDES ACCUMULATION IN SMALL MAMMALS
FROM THE EXLUSION ZONE OF CHORNOBYL

A. L. Lypska, O. O. Burdo, M. V. Zheltonozhskaya, V. I. Nikolaev

Institute for Nuclear Research, National Academy of Science of Ukraine, Kyiv

The Chornobyl Nuclear Power Plant Exclusion
zone (ChNPP Exclusion zone) is the unique territory,
where the radionuclides migration and their accumu-
lation in plants and wild animals can be studied in
the environment. The study of radionuclide migra-
tion in soils and their accumulation in plants and
wild animals present significant interest. There are
related with the permanent transformation of physi-
cal and chemical properties of radoinuclides com-
pounds as well as an improvement of the methods of
measurements.

The experimental researches of the levels of ra-
dionuclides accumulation in small mammals in
Chornobyl zone were carried out during 2010 years.

The object of there investigations are two spices
of small mammals: Apodemus flavicollis and
Clethrionomys glareolus. All animals are immature,
and were born in the current year.

Methods of gamma, beta - spectrometry were
used for estimation of radionuclides activities in
organisms of animals and samples of soils. Meas-
urement of gamma spectrum was carried out on
Canberra spectrometer with detector made of ultra
pure germanium. For calibration on energy the stan-
dard gamma sources were used. Energy scale of the
spectrum was in the range of 40 - 1700 keV. That
permitted to observe specific gamma lines of the
following isotopes: “*'Am (59,5 kev), **'*Eu(123
keV, 86 keV) , 'Cs (661,7 kev); “’K (1460,8 kev).
Spectra processed by means of program WINSPE-
CRUM. Content of **Sr + ™Y in the majority of the
samples were measured on beta spectrometry with-
out radiochemical sample preparation. For calibra-
tion the standard sources (*°Sr + Y, "*’Cs and *°Sr +
+°Y 1 ¥7Cs) were used.

Radiometric measurements were used for estima-
tion of radiation conditions at a research site.

The territory of our research sites is located in the
5-km ChNPP zone (Yanov). Spatial distribution of
radionuclide fallout on the territory is extremely
non-uniform and “spotty” even on relatively small
spaces. The polygon territory average values of con-
tamination density vary in the range of *’Cs — 1,26 -
-3,19 MBg'm?; ®Sr — 0,72 - 2,26 MBg'm™. The
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equivalent dose in various places of the experimental
sites varied in the range from 5.0 to 17.5 pSv/h.

The data on the radionuclides content in upper
soil layer of research sites are obtained. The quanti-
tative contribution of radionuclides to the total ra-
dioactivity at the sites is as follows: *’Cs > *Sr >
>241Am > 154Eu > ISSEu > 4OK > 134CS > 243Am >
>%Co > **Cm. ¥'Cs and *°Sr make the major con-
tribution to the total nuclear fallout in the area of
small rodent habitation.

The specifics of radionuclide accumulation in the
organisms of small rodents are studied. In investi-
gated mice samples only presence of *’Cs and *Sr
was detected. The range of '*’Cs activities in differ-
ent individuals is 10 - 3400 kBq/kg, *Sr — 0,2 - 224
kBg/kg. An individual with anomalous high content
of *Cs (~17000 kBg/kg) is found. The considerable
interspecies differences in the radionuclide accumu-
lation are found for individuals caught in the same
area. The average specific activity of the "*’Cs in the
body of the Clethrionomys glareolus was ~26 times
higher than in the body of the Apodemus flavicollis,
and the average specific activity of the *°Sr was
6 times higher.

The transition coefficients (TC, (kBqkg')/
(kBq'm™)) of the *’Cs and *°Sr in the “soil-animal”
chain for the animals are calculated (Figure). The
highest values of the transition coefficients are found
for the Clethrionomys glareolus.

E F
1E-3L // 3 4 1E-3
g F 7
- 137
1E4L % Cs L / “Sr ]1e4
(_)E i 7 /
'_ -
1E-5 % {1E-5
1E~6;— - // J1E-6
1- Clethrionomys glareolus
2- Apodemus flavicollis
The transition coefficients (TC)of the 137Cs
and %8Sr in the chain “soil-animal”.
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HAKOILIEHHUE “’Cs I'OJIABJIEM (LEUCISCUS CEPHALUS (L.))

0. JI. 3apyoun, B. A. Koctiok, U. A. Mamok

Hucmumym soepuvix uccneoosanuti HAH Yxpaunwt, Kues

B 1986 - 1990 rr. 0oOpaTnnm BHUMaHHUE Ha yBe-
TMYeHue YnuciaeHHocTH ronasis (leuciscus cephalus
(L.)) B uccnemyembix Bomoemax. [IpuumHa yBemude-
HUSl YHCIICHHOCTH TOJABIIA 3/IeCh HE paccMaTpHBa-
eTcsl, HO caM (aKT JAaHHOTO SBJICHUSI 00YCIIOBINBAET
MOBBIIIICHUE HAYYHBIX HMHTEPECOB B HM3YUYCHHH pa-
JTOSKOJIOTHN 3TOTO BHUJIA.

Usyuanu comepxanue - Cs B OpraHax M TKaHsix
rojaeia Bojoema-oxiamgutess YHADC, Kanesckoro
Bopoxpanuumia p. Jaenp u p. [IpunsaTe B npenenax
30-xkmmomeTpoBoit 3061 YADC. B psamy Hakormie-
mus °’Cs peIbaMu rONaB/Ib 3aHUMAeT CpejHee Io-
JIOXKEHHE.

Pacnipenenenue °'Cs 0 OpraHaM M TKAHSM IO-
JaBIISl IPHOJIMIKAETCS K TAaKOBOMY Y JIPYTHUX BHJIOB
pbi6. HanGomnbiuee comepikanne '~ Cs perHCTPHPO-
BaJIOCh B MBIIIIEYHOW TKaHHU.

He oGHapy»eHO JOCTOBEpHBIX pa3M4uii B CO-
nepannn 'CS B MBIIIIAX CAMOK M CAMIIOB TOJIABIIA.

He oOHapy>keHO TOCTOBEPHOH CBS3M MEXIY BBI-
0OpOM MHUIIEBEIX 00BEKTOB (’KUBOTHOT'O WJIM PACTH-
TEIBHOTO TPOHMCXOXKICHHS) PAIUIHBIMU 0COOAMU
TOJIaBJISA, OTJIOBJICHHBIX HAa OJTHOM M TOM K€ Y4aCTKe
BOZOEMa, M cojepikaHHeM '~ Cs B MBIIIAX ITHX
ocobei.

[Ipu 5TOM, Iake B OJTHOM M TOM XK€ BOJOEME, CO-
neprkanme " Cs B rOaBie MOXKET 3aBUCETh OT YPOB-
HEH paaualMOHHOTO 3arps3HEHHS KOHKPETHOTO
y4acTKa aKBaTOPHM JaHHOTO BojoeMa. Tak, Ha ce-
BepHO#l rpanune 30-xuinomerpoBoil 30HBI YADC,
HambOosee 3arpsA3HEHHOW PaTUOHYKIMIAMHU, COIEp-
anue ' Cs B TonaBie p. IIpUIATE B HECKONBKO a3
BBIIIIC, YEM B TOJIABJIC, OTJIOBJICHHOM B paiioHe Uep-
HOOBUISA, TAE paauaIiOHHOE 3arpsA3HEHHE KOMIIO-
HEHTOB JITAaHHOM PEKW 3HAYUTEIBHO HUXKE, YTO TIO0-
3BOJISICT TPEINOJIOKUTh HU3KYI0 MHUTPAMOHHYIO
CIIOCOOHOCTP TOJIABIIA.

[Ipr moBbIIEHUN TeMIepaTypsl BOABI OOBIYHO
yBeIMUMBAeTCA coiepxkanue °'Cs B MBIIIAX TO-
TIABJIS; WHOTJA BIUSHUE TEMIIEPATyPHI BOJBI JOCTO-
BEpHO HE OTMEYaeTcs, HO HH pa3y MBI He Habmozma-
JIM TIPOTHBOMOJIOXKHBIA 3QPEKT — CHUKEHUE COJep-
skanns °'Cs IpH yBeTHUCHHH TEMITEPaTyphl BOBL.

B HexoTopele TOABI MCCIIeIOBaHNH, B OCHOBHOM
nocie BeiBeAeHUsT UADC u3 3KCIUIyaraldu, B ce-
30HHOH AMHAMEKE colepxkanus 'Cs B Tronapie
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HpOSIBIISICTCA TEHACHLMS K IOBBIIIEHUIO COAEpKa-
uus *’Cs B Mae U aBryCTe U CHIDKCHHIO €ro Coziep-
s)kaHus K 3ume. B 2003 u 2004 r. peructpupoBanuck
JIOCTOBEPHBIE M3MEHEHHS COlepkaHus ~ CSs B To-
JaBiie B 3aBUCUMOCTH OT CE30Ha C MaKCHUMyMOM
conepxanus ' Cs B aBrycre.

OO0HapyXeHa TOJI0KUTEIbHAS 3aBUCHUMOCTEL CO-
Jep KaHus 37Cs or maccel 0coGu ronasis, HabIO-
JaeMasi BO BCEX MCCIENOBaHHBIX Bojoemax (“pas-
MepHbIi 3ddext” [1]). EXMHCTBEHHBIM HCKITIOYSHH-
eM sBIsieTcs cepus [po0 TosaBis  BOJOEMa-
oxianutens YADC, otobpannas 7 utona 2004 r., B
KOTOPOI HaOJItoJaeTcsi He3HAYMTEIbHOE CHU)KEHHE
comeprkanns > Cs ¢ yBeINIEHHEM MACChl OCOOH.

JluHamuka conepxanus - Cs B Tonasiae Kaxes-
CKOT'O BOJIOXPaHUIIMINA CXOTHA C JTMHAMHUKON COAEp-
JKaHUS 3TOTO PaAMOHYKINIA B pbl0ax-OeHTodararax
naHHoro Bojoema. B 1987 - 1995 rr. conepxanue
7Cs B romaBie CHIKACTCS JTOBOIBHO OBICTPO — OT
100 mo 20 bx/kr. 3atem, ¢ 1995 mo 2006 r., comep-
kanme °'Cs BapbHpoBaio B mpenenax 6 - 21 Br/kr.
B aToT mepuoj JOCTOBEPHOIO CHUKEHHS COZepIKa-
aus *’Cs B ronasie HaMu He 0GHAPYKEHO.

B Bomoeme-oxnamurene YHADC B uCCIemIyeMBIid
nepuon (1994 - 2009 rr.) Habmromanach TCHACHIIHS
K CHIKGHMIO COfepKaHus ' CS B TONABiE, B KOTO-
POM KOJMYECTBO 3TOTO PAaTUOHYKIHIA CHU3UIOCH
IIPUMEPHO BIBOE.

C 1987 mo 2001 r. crabuibHO BO3pACTarOT KO-
s duumentsr Hakorerus ' Cs (440 - 1700) romas-
nem KaneBckoro BojoxpaHunuina, U TOJBKO IIOCTE
2001 r. OHM HECKOJIbKO CHIDKaloTcs. B Bomoeme-
oxnagutenie YADC kodpduuueHTsl HaKOIUICHHS
B7Cs ronanem B 1994 - 2009 IT. 6BUTH HECKOJIBKO
Boime (1000 - 1800) u 3meck Tarxke HabMOgANACh
TEHJEHIHNsI K BO3pacTaHUIO KO3(QPHULIUEHTOB HAKOII-
nenns ’Cs. BeposTHO, MOBBIIIEHHE K0d(hHIIHEH-
TOB HAKOIUICHHS '~ CS TomaBieM (M HEKOTOPBIMH
JIpYTMMH BHJAMH pPBIO) BO MHOTOM MOXHO OOBsiC-
HUTH NpeoGNaJaHHeM CKOPOCTH HakKomieHus ' 'Cs
HaJl CKOPOCTBIO BBIBEJIEHHSI 3TOTO PAJMOHYKIINAA U3
OpraHu3Ma phIOBL.

1. A.O.Koulikov and L.N. Rybov, Sci. Total Environ.
112, 125 (1992).
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HAKOILIEHHUE “'Cs )KEPEXOM (ASPIUSASPIUS (L.))

0. JI. 3apyoun, B. A. Koctiok, U. A. Mamok

Hucmumym soepuvix uccneoosanuti HAH Yxpaunwt, Kues

B Espore xepex (Aspius aspius (L.)) oburaer B
KPYIIHBIX TPECHOBOAHBIX BOJOEMaX, PacHOI0XKeH-
HBIX OT OacceiiHa bantuiickoro mops mo Ypana.
SBnsiercss OOBEKTOM MPOMBIIIJIEHHOTO W CIOPTHB-
HOTO JIOBa.

U3Mepenns yaenbHOM akTuBHOCTH ' CS B pas-
JUYHBIX OpraHax M TKaHAX JKepexa MPOBOIWIA
CTaHAAPTHBIMU METOJIAMH T'aMMa-CIIEKTPOMETPHH.

BhICOKas CKOPOCTh HAKOIUIeHHs " CS Kepexom
(o cpaBHEHHIO C IPYTUMH UXTHO(]Aaramu) mo3BoIn-
JI0 3TOMY BHUJY OCEHbIO 1986 T. 3aHATH TUIUPYIO-
Imee TOJOKEHHE B cojepkaHuu °'Cs Cpelu Bcex
M3YYEeHHBIX BUIOB pbl0 KaHeBCKOro BOMOXpaHUIH-
ma. Tarxoke BbICOKOE, TIO CPaBHEHHUIO C IPYyTHMH
BUJAMH phIO, comepkanue ° Cs pPerucTpupoBaIoch
B kepexe Kuesckoro Bomoxpanunuma. [loaromy, B
1986 - 2010 rr. usyyanu yJIEIbHYI0 aKTHUBHOCTb
Cs y xepexa KaHeBCKOro BOJOXpaHMIHINA, P.
[Ipunsate u Bogoema-oxiaautens YADC.

Pacnipenenenne 'Cs MO OpraHaM M TKaHSIM
CXOHO C TaKOBBIM Yy IPYTUX pPBIO-UXTHO(DATOB.
Bonbmre Beero ’Cs comepkurcs B Mblumax. Hau-
MeHblIee yaenbHoe copepxkanue " Cs perucTpupy-
etcs B sxupe. OcTanbHble OPTaHbl M TKAaHW 3aHUMa-
10T IIPOMEKYTOYHOE TOJIOKEHHUE.

Y xepexa oOHapyKeHa 3aBHCUMOCTb MEXIY
YAENbHBIM COAEpKaHUEM B37Cs u maccoii ocobu. C
YBEIWYCHUEM MacChl (BO3pacTa) OCOOM YIEIbHOE
conepkanue > CS 3HAYNTEIHHO YBETHIUBACTCS.

JlnHamuka comepxkanus ' Cs y xepexa Kanes-
CKOTO BOJOXPAaHWIHINA ¥ BOJOEMa-OXJIATUTEIS]
YADC wumeer oTnMuuTeNbHBIE OcoOeHHOCTH. [lo-
BUIMMOMY, CPaBHUTEIBHO HU3Kasi CKOPOCTh CHIDKE-
Hus comepkanmst °'Cs B ppibax KaHeBckoro Bojo-
XpaHUIHIA OOBSICHSETCS JOTMOJHUTEIBHBIM TOCTY-
IUIGHUEM PaJIUOHYKIUIOB B HETO B PE3yJIbTaTe CMbI-
BOB ¢ MONMBI p. [IpUmsITh ¢ 70XKIEBEIMU U BECEHHHU-
MH maBogKaMmu. Bosee GpicTpoe cHmkerne - Cs B
peibax Bomoema-oxianutens YADC, BeposTHO,
MOXXHO OOBSICHUTH OTHOCHTEIHHOH 3aMKHYTOCTBIO
3TOTO BOJOEMaA, YTO CHUKAET TOTOJHHUTEIHHOE TO-
CTYIUICHHE PaJMOHYKIHIOB C BOJHBIMH MacCaMHU.
Kpome Toro, mno nmexadbpss 2000 r. Ha 3KOCHUCTEMY
BOZIOEMA-OXJIQIUTENST BO3JEHCTBOBAN HCKYCCTBEH-
HBIH TeMmmeparypHbli (akTop, yBETHUUBAIOIIUI
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YPOBEHb METaOOIMYECKUX TPOIIECCOB, B PE3yJIbTaTe
Yero MOXKET YBEIMYHBATHCS CKOPOCTh KaK HaKOILIe-
aust *’Cs, Tak ¥ BBIBEICHHS 3TOTO PaIHOHYKIN/A Y
pHIO.

JluHamuka kod)UIMEHTOB HakomieHHs ' Cs
MBIIIIAMH JKEepeXa HCCIeqyeMbIX BOJZOEMOB He-
CKOJIBKO pazimdaeTcs Mexay coboit. Y kepexa Ka-
HeBckoro Bogoxpanuinma B 1987 - 1990 rr. xo3¢-
durments Hakomienus *'Cs GbLIM JOBOIBHO HH3-
KHMH, 9TO, BEPOATHO, OBIJIO BBI3BAHO XPOHHYECKUAM
noctyrieHneM °'Cs U3 CEBEPHBIX TEPPUTOPHil BO-
nocOopa, XapaKTepU3YIOMIMXCS BBICOKUM  Pafo-
HYKJIHIHBIM 3arpsisHeHueM. B nampHeiimem xo3¢-
duIMeHTbl HakorIeHHs '~ Cs IMOBBIIAIOTCS B He-
CKoNbKO pa3. OTHOCHUTENBHO cTabuibHbIE KOA(U-
nuenThl HakomteHus 'Cs y xkepexa Kamesckoro
BOJOXPaHWINLIA PETUCTPUPYIOTCA, HauuHas ¢ 1991
r. C sToro BpeMeHH KOI(D(DUIMEHTH HAKOIUICHHS
B7Cs y kepexa Bomoema-oxyuanurensi YASC u Ka-
HEBCKOTO BOJIOXPAHMIIUINA JOCTUTIN CXOJHBIX 3HA-
YeHUH W pa3Inyainch He Oojiee 4eM B 2,7 pasza U 1o
2009 r. BapbupyIOT B nipenenax 2134 - 5727.

Jlunamuka ko3(h(UIHEHTOB HakomieHus ' Cs
KaneBckoro BOmOXpaHWIWINA W BOAOEMa-OXJIaIH-
ternst YADC HecKoIbKO pa3mudaeTcss Mexay coloif,
YTO, O4YEBUAHO, 00YCIOBICHO OTIMYUSMH THAPOJIO-
THYECKOTO W TEMIIEPaTypHOTO PEKUMOB JTaHHBIX
BogoemoB. C 1991 r. ko3 HHUIMEHTH HAKOIUICHHS
B7Cs y skepexa HCCIELYyeMbIX BOJOEMOB OTHOCH-
TeNbHO cTabmmmsupytores. [lo cpaBHeHHIO ¢ IpyTrH-
MH HXTHO(AraMH CKOPOCTh HAKOIUICHHS '~ CS y
Kepexa Bblle. MakcumyM cozepkanus - Cs y xe-
pexa KaHeBckoro BOJOXpaHWIHUILA 3apETHCTPHPO-
BaH yke depes 4 - 6 Mecsies mocie apapuu Ha YA-
OC. Tak, yxe ocenpto 1986 r. Haubombiee comuep-
xaHne 'Cs Cpeld BCEX W3YYCHHBIX BHIOB PbIO
pPETUCTPUPOBAJIOCh WMEHHO Y Jepexa. B moce-
IyIOIIHEe TONBI, TI0 CPaBHEHWIO C OOJBITUHCTBOM
HCCIIEIOBAHHBIX BUJIOB PhIO, cojepkanme ~ Cs y
JKepexa MPoJ0KaeT OCTaBaThCs HA BHICOKOM YPOB-
HE, 9TO TIO3BOJISIET HCIIONB30BaTh 3TOT BHJ B Kade-
CTBE OOBEKTa-UHIIUKATOPa PATHOHYKIHIHOTO 3a-
TPSA3HEHHUS.
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CE30HHASL JUHAMHUKA COJEPKAHUS “'Cs B IUIOTBE
KAHEBCKOI'O BOJIOXPAHMJIMILIA (Rutilusrutilus (L.))

0. JI. 3apyoun, B. A. Koctiok, U. A. Maiok

Hucmumym soepruix uccreoosanuii HAH Yxpaunol, Kueg

IIpu u3ydeHUr NTUHAMUKYU YACIbHON aKTUBHOCTH
¥7Cs B peibax KaHEBCKOTO  BOJOXPAaHMIHMIIA
p. Aaernp B 2006—2009 1T. 00HApPYXEHO, UTO KOH-
LIEHTpays 3TOro paJuOHyKINWAa B MBIIIIAX HUCCIIE-
JIOBaHHBIX BHUJOB pPbIO HecTabuiabHa. Bo MHOrmMX

Br/xr
10

BUAax pbIO, B MEpBYIO odepedb B phIOax HU3IINX
TpoQuUecKUX ypoBHEH, comepxanne " Cs yBelH-
YMBAETCSl BECHOM M K Hayajly 3UMBbI, YTO BUAHO Ha
MpUMepe MIOTBbI (PUCYHOK).

[D2006 r. A2007 r. #2008 1. ©2009 1]
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Mecsusbl

JuHaMuka yoensHOTO COIepiKaHus 137Cs B Mbimax mwiotesr Kanesckoro BOJOXpaHmwHIIa, bK/KT).

VBeNMUeHHE YETBHOTO comepKanus -~ Cs Bec-
HOM MOXXHO OOBSCHUTH IBYMSI OCHOBHBIMH TPUYH-
HaMH, OJHOM W3 KOTOPBIX SBJISIETCA IOBBILIEHHE
comepxkanns 'Cs B BoJe B Pe3ysIbTaTe MPOIECCOB
CMBIBa PaTUOHYKIHIOB C TEPPUTOpPHHA BomocOopa,
00yCIIOBJIEHHOE TasHUEM CHETa U MOJHEMOM BOJIBI B
OacceifHOBBIX BOJOHMCTOYHMKaX KaHeBckoro Bojo-
XpaHWIuIla, B epByro ouepeas B p. [Ipunsate. Bro-
po¥ MPUYMHON BECEHHETO MOBBIMIEHUS COAEPKAHUS
7Cs, 0ueBHIHO, CITyKUT MHTCHCU(DUKAIMS THTAHMS
[IOCJIE HEPECTa, 3a CUYET YEro ¢ yBEJIUUCHUEM MOCTY-
MAaroIIEro B OPraHu3M KOpMa yBEINYHUBAETCS MOCTY-
IICHHE C 3THM KOPMOM Haxopsierocs B Hem ' Cs.
Kpome Toro, ompeneneHHyr pojb B IHOBBILICHUU
VICIBHON aKTUBHOCTH B PhI0aX BECHOW HTPACT TEM-
nepaTypHbId (akTop, BIUSIOUINA HA YPOBEHb MeTa-
Oonm3Ma phIo.

OceHHee MOBBINICHHE COAepKaHus ' Cs, peru-
CTpUpYyeMOE B IUIOTBE, BEPOSTHO, OOYCIOBIEHO CO-
YEeTaHHBIM BO3/CHCTBHEM HECKOJBKUX (aKTOPOB.

JIJ1 TOATOTOBKHM K 3MMOBKE OCEHBIO y TIOTBHI yBe-
JUYMBAETCS MHTEHCUBHOCTh MUTAHHA, YTO TPUBO-
IUT K YBEIUYCHHUIO MOCTYIUIEHHWS B OPraHU3M CO-
JlepoKallerocs B KopMe B7¢s. Eie omHoil u3 BO3-
MOJKHBIX TIPHYMH OCEHHETO MOBBIIIEHUS COAepiKa-
Hust ' Cs B BOJIE, @ 3aTeM, TOCICI0BATEIBHO, B PhI-
0ax, SBISETCS CE30HHOE OTMHpPAHHE MHKPOOpra-
HU3MOB M HEKOTOPBIX HHM3IIUX PAaCTeHUH, B PE3yIb-
TaTe 4Yero pacTBOPUMBIA pagUOAaKTUBHBIA I€3UH
YaCTUYHO BBICBOOOXKIAETCS M3 JIOHHBIX OTIOXKCHUN
1 HEKOTOPBIX MpEACTaBUTENEH BOJHBIX OPTaHU3MOB
Y TIEPEXOHT B BOAY, BHOBb BKJIFOYAsCH B Tpodudec-
KHE LIETIH.

Kpome Toro, Ha pe3kue Mekce30HHBIE Koieda-
HUSL cofiepkanns -~ Cs B pbIOax, OYEBHIHO, BIHSET
€ro HEepPaBHOMEPHOE, 3aBUCAIIECE OT METEOPOJIOTH-
YECKUX YCIIOBUH, MOCTyIUICHHE B Boay KaHeBckoro
BOJIOXPAHUIIMIIIA BMECTE C BOJAMH BBIIIEPACIIONO-
JKEHHBIX, 3arpsS3HEHHBIX PAAUOHYKIUIAMH, CEBEp-
HBIX TEPPUTOPHUI BOJOCOOpA.
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W3MEHEHUE YJEJbHON AKTUBHOCTHU "“'Cs B IIPO®WUJIE IOYB
HA TEPPUTOPHUHU 30HBI OTUYXKJIEHUA

H. E. 3apyouna

Hnemumym sdeproix uccnedosanui HAH Yxpaunol, Kueg

UccnenoBamuch W3MEHEHUS YICIBHOW aKTHB-
Hoctd 'Cs B MOYBE MOJHMIOHOB HA TEPPHTOPUH
30HHI oTayxacaust HADC B 3aBUCHMOCTH OT CE30HA
otbopa mpo6 B mepuoa 2007 - 2010 rr.

Ho nacrosimero Bpemenu (2010 1.) Ha OBYX W3
Tpex monuroHoB (“Jlenes” m “IlapeimieB”) B 3aBH-
CHUMOCTH OT ce30Ha oT 65 1o 85 % obmero 3amaca

1 o
3)7CS B IMIOYBAX HAXOJUTCA B CJIOC JICCHOU IMOJACTHIIKH.

OpHako Ha MONMUTOHE «JIUTATKW» B 3TOM CIIOE CO-
nepskarne °’Cs mHOrza (B 3aBHCHMOCTH OT AATHI
orOopa 00pa3lOB) MOXET OBITH MEHBIIE, YeM B
BepxHeM (0 — 5 cM) cl10€ TOYBHL.

Pasnuuns B COOTHOLIGHHH copepxkanus ~ Cs B
CJIOe JIECHOM MOACTUIIKK M BEPXHEM CJI0€ MOYBBI Ha
Pa3HBIX MOJUTOHAX MOTYT OBITH CBSI3aHBI C THUIIOM
necHol moactuiku. B padote [1] yka3siBaeTcs, 4ToO
MUHUMAaJIBHONW YJepKHUBAIOIIEH CIIOCOOHOCTBIO IO
oTHOmEHHIO K °'CS XapaKTepU3YeTcs JeCTPYKTHB-
HBIM THT TOJACTHIKU. A Psif IO COAECPKAHUIO ITOTO
PaAMOHYKINAA BBITIAIUT TakK: TyMH(DHIMPOBaHHBIC
> (pepMeHTATHBHBIE > NecTpykTHUBHBIE. Crnenndu-
YECKOW 4epTON JECTPYKTHBHBIX MOJCTHIIOK SIBISET-
s TO, 4TO MHrparms ' Cs ONpeaensercs TOIbKO
WHTEHCUBHOCTBIO TIPOLIECCOB BBIIIETAYMUBAHUS, a
TaKkKe pasiokeHHeM W yTWiIM3auuei omaga. B mou-
Bax, MOJICTUJIKA KOTOPBIX OTHOCHUTCS K JECTPYKTHB-
HOMY THWITy, 3HAYHTENbHAs YacTh PaJAHOHYKIHIOB
3ajiepkuBaeTcs B 1 - 2 cM BEpXHHUX MOANOACTUIIOU-
HBIX CJIO€B JaHHBIX TOPWU3O0HTOB. Y AEP KHBAIOIIAS
CrocoOHOCTh I'YMH(HIIMPOBAHHBIX MOJACTHIIOK MakK-
CHMANbHA, T. €. HHTEHCHBHOCTb Murparmu " Cs u3
MOJICTWIKK B MHHEPAIbHBIC CIIOM TIOYBBI MHHH-
MaJbHa.

Ha mnonurone wuccnemoBanmii “/IUTATKH” T0.-
CTHJIKAa OTHOCHUTCSI K JECTPYKTUBHOMY THITY, KOTO-
pOMYy CBOWCTBEHHBIN TU(QPEpeHITUPOBAHHBIA U Ma-
JOMOITHBIA TIpodrute. Ha ABYyX Apyrux MOJUTOHAX
JIECHBIE TIOJACTHIIKM TIPEICTABICHB TYMHUQHUIIHPO-
BaHHBIM THIIOM. VIMEHHO C 3THM CBsi3aHa pa3HUIIA B
IIPOLIEHTHOM cojiepaHuy "~ Cs B CIIOE JIECHON MO
CTHJIKH Ha Pa3HBIX MCCIIET0BATENIbCKUX MTOJIUTOHAX.

Tonmmua cinost u 3amacel (Macca) JeCHOW MOJ-
CTHJIKH, B OTJIMYUE OT TIOYBEHHBIX TOPU3OHTOB, Pe3-
KO U3MEHSIOTCS B TEUEHHUE ToJia U 1o cliosiM. B Helt
HAOIOAI0TCS HAWOOJBININE CE30HHBIC KOJICOAHUs
YHCIEHHOCTH MUKPOOPTaHNU3MOB.

IIIOPIYHUK - 2010

B uncrneHHOCTH TOYBEHHBIX MHKPOOPTaHHU3MOB
CYIIIECTBYET JBa MAKCIMyMa — BECEHHUH U OCEHHUH.
BeceHHMil poCT YUCIEHHOCTH CBSI3aH C YBJIAXKHEHU-
€M U TPOTPEBAHHEM BEPXHETO CJI0s MouBbl. OceH-
HUA MaKCHUMYM CBSI3aH C MAaCCOBBIM IOCTYILICHUEM
PaCTUTENBHBIX OCTAaTKOB, OMaja, KOTOPHIN HaKaIUIH-
BaeTcsa B Buje monacTwiku [2]. OmHako, Kpome Be-
CEHHEI0 U OCEHHEr0 MAaKCHUMYMOB, YHCICHHOCTb
Pa3HBIX TPy MUKPOOPTAHU3MOB MOXKET U3MEHSITh-
Csi TIPU W3MEHEHWHM BIAXHOCTH IIOYB (3aTsHKHBIC
JOK M Wim 3acyxa) [3].

Ha wuccnenoBarensckux noimro”ax ‘““Jlemes” u
“IlappIimeB” OTMEUEHBI BECEHHHE M OCEHHHE Mak-
CHMyMBbI cojepxkanus > Cs B JIGCHOIH MOICTHIKE,
OJIHAKO OTJCJIbHBIC MOBBIICHUS PETUCTPUPYIOTCS U
3umoii. Kpome Toro, konebaHune ypoBHEH yaenbpHON
aKTHBHOCTHA JTOTO DPAIMOHYKIHMIA IO TpPeX pa3 B
TEUCHUE OJTHOTO MECSIA SBISETCS XapaKTEPHBIM IS
JIECHBIX TOJACTHJIOK Ha ATHX IOJMTOHAX. BeposTHo,
MOJTyYeHHBIE W3MEHEHUS yIEIbHONH aKTUBHOCTHU
PCs B ClIOSIX TOYBBI HA ITHX HCCIEIOBATEIBCKHX
MOJIUTOHAX MOTYT OBITh CBSI3aHBI C KOJICOAHUSIMU
YUCIIEHHOCTH MHKPOOPTaHW3MOB TOYBBI W MPOIIEC-
caMU UX JKU3HENEATCIFHOCTH. DTO MPEAIOIOKECHIE
MOATBEPKIAACTCSI COBMAJCHUSIMU MAaKCUMYMOB CO-
nepxkanus ' Cs B CIO€ JIECHOM MOACTHIKH ¢ MHHH-
MyMaMH €ro CoJiepXaHusi B closix mouBbl 0 - 5 u
5 - 10 cM Ha »THX MOJUTOHaX. B MeHee HacHIIIECH-
HBIX NeJOOMOTON MOYBaxX HA MOJUTOHE “‘JIUTATKH
KOoJIeOaHMsI YPOBHEH YIEeIbHOW aKTHBHOCTH B TIOY-
Bax TPYIHO CBSI3aTh C CE30HAMHM I'0/ia, XOTS MaKCH-
MYMBI cofiepkanust > CS B CIIO€ JTECHOI MOACTHIKH
PETUCTPUPYIOTCS UMEHHO BECHOW — B TIEPHOJ €XKe-
TOJTHOTO MOIIHOTO PAa3BUTHUS PA3NMIHBIX MUKPOOP-
TaHU3MOB.

1. AW Ilernmo, O.b.1LBetHoBa u JL.I'. Borarsipes,
Bectn. Mock. yu-ta, Cep. 17. IlouBoBenenue 4, 14
(2004).

2. T'.b. o6poBonsckwmii, JI.I'. Boratsipes u dp., Cmpyx-
MYPHO-DYHKYUOHANbHASL POJb  NOYE U NOUEEHHOU
buomol 6 duocgepe, otB. pea. I'.B. JloopoBonbckuit
(Hayka, Mocksa, 2003), 364 c.

3. JI.I'. 3Barunnes, U.I1. badbbeBa u I'.M. 3eHoBa huono-
eus noue (131-B0 MockoBckoro yH-Ta, M., 2005),
445 c.
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STUDIES OF “HOT” PARTICLES SAMPLED
FROM CHORNOBYL NUCLEAR POWER PLANT 4™ REACTOR UNIT

V. A. Zheltonohsky, M. V. Zheltonozhskaya, N. V. Kulich

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

“Hot” particles were sampled in 2009 within the
Chornobyl Nuclear Power Plant (ChNPP) 4™ Reac-
tor Unit in the locations of leaks of the lava-like
fuel-containing materials. These “hot” particles were
spectroscopically and radiochemically studied for
gamma and alpha content. Isotopic ratios for **"*'Cs,
B4Ry isotopes Pu, **'**Am were identified and
the fuel burnup in these samples was determined. A
systematic underestimation of the burnup based on
the **!*"Cs ratios is clearly seen in comparison with
the Eu and Pu calculations. The reasons for these
deviations are discussed. Data on o-emitters for
other radionuclides show significant deviation from
the theoretically calculated values. The theoretical
value for the **'**Am isotopic ratio is 2.2 - 107, i.e.
it is overestimated by approximately a factor of 1.5
in comparison with the experimental data. At the
same time, the comparison of the ***Am activity with
the total **2*Pu activity shows that the ratio

matches the theoretically calculated values within
the measurements uncertainty. In these studies we
were the first to observe **Am and ***Cm activity in
y-spectra of “hot” particles. Presence of **Cm activ-
ity in y-spectra made it possible to significantly ad-
just the value of the ***Cm activity and its relation-
ship with the *°**Pu yield. In a-spectrum, we ob-
served a-transfers belonging to ***Cm decay. Taking
into account the fact that T, for Cm is 162 days, we
can conclude that we observe **Am decay with T,
being equal to 141 years. Therefore, we observed the
M2 Am chain that would be used in further cal-
culations of operation of a-emitters in reactors. Also
we turn attention to the *Sr and "’Cs ratio. This
ratio is significantly different from the 1986 data for
the fuel component. The *Sr yield is overestimated
by factors of 4 - 5. Table provides data on one of the
“hot” particles.

Specific activities of radionuclides in a fuel particle

o | TR, R
YCs 5792447 Bipy, 151755
**Eu 100743 B6py ”
*'Am 479068 Hipy 5761707
St 15699447 WAm 1018
U 479 2 Am 519017
U 63 *Cm 11308
2y 171 M0m 1203
242Pu 757 242Cm 565
239, 240Pu 308509

132

IHCTUTYT AJAEPHUX AOCJIPKEHb HAH YKPATHU



PAIIOEKOJIOI'TA TA PAAIOBIOJIOITA

STUDIES OF THE RADIONUCLIDES BEHAVIOR
AT CONTAMINATED AREA OF CHORNOBYL NUCLEAR POWER PLANT VICINITY

M. A. Zheltonozhskaya, A.I. Lypska, N. V. Kulich, V. I. Nikolaev

Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

Studies of behavior of Chornobyl-origin radionu-
clides in soils in the 5-km zone of the Chornobyl
Nuclear Power Plant (ChNPP) in the area of the Red
Forest experimental site were completed. Red Forest
is the most contaminated location of the ChNPP
30-km zone where in 1986 a pinewood forest died
due to effects of the radioactive fallout. The spatial
distribution of the radioactive fallout in the Red
Forest experimental site is extremely heterogeneous.
Values of the average contamination density
throughout the experimental site range are as follows:
40 - 80 MBq m™ for *°Sr and 70 - 170 MBq m™ for
B7Cs. The radionuclides activities in soil samples
were measured using alpha, beta, gamma-
spectrometrical methods and radiochemical method.
The presence of 0Co, 1B4137Cg, 541558y, *'Am and
Pu isotopes in all soil layers down to a depth of
30 cm was observed. The presence of '“'Cs and
*'Am was noted in the area containing automor-
phous soils to a depth of 60 cm. In addition, the up-
per soil layers at the test site were found to contain
8 Am and **Cm. The obtained activity values were
utilized to calculate isotopic ratios for all soil layers.
The analysis of the obtained isotopic ratios and their
comparison with the previously obtained data
showed that the sampled areas had been contami-
nated with the fuel component of the fallout. The
comparison of average **' Am/"*’Cs ratio for the ex-
perimental site obtained in 1999 with the average
*"Am/"'Cs ratio for this site obtained in 2009
shows that it has increased by a factor of 3.5. Due to
*'Am and "*’Cs radioactive decay, the isotopic ratio
should have increased by a factor of 1.7. Also we
noted that the *°Sr and "’Cs ratio is significantly
different from the 1999 data for this site. The *Sr

IIIOPIYHUK - 2010

yield is overestimated by factors of 2 - 3. The com-
parison of the **'Am/"*’Cs and *’Sr /**’Cs ratios in
soils with the obtained data for the “hot” particles
sampled from the lava-like fuel containing materials
of the 4™ Reactor Unit of ChNPP shows that in “hot”
particles these ratios are increased by a factor of 5,5
for ! Am/"*’Cs ratio and by a factor of 4 - 5 for
%0Sr/"*Cs ratio. These results well correspond to data
about the phenomenon of spontaneous dust genera-
tion on surfaces of lava-like fuel-containing materi-
als in 4™ ChNPP Reactor Unit. Due to this phe-
nomenon inside of 4™ ChNPP Reactor Unit, radioac-
tive aerosols with the particle sizes of 60 - 300 nm
and activity equivalent to that of a few dozens of
kilograms of spent nuclear fuel (SNF) have been
accumulating there. These aerosols contain pluto-
nium and americium in the same proportions as SNF
(Baryakhtar et al. 1997). Therefore, it is assumed
that, currently, up to 50 % of the fallout in the vicin-
ity of the ChNPP site may be associated with “fresh”
fallout from the 4™ ChNPP Reactor Unit.

The obtained data made it possible to evaluate
periods of environmental half-cleaning from studied
radionuclides for the upper 5-cm deep soil layer in
the sampled experimental sites using the modified
convective diffusion transport model. The environ-
mental half-cleaning from **'Am in areas with an
intense radionuclide transport equals to about
30 years, which is close to the environmental half-
cleaning from "“’Cs in soils. However, it is by an
order of magnitude lower in the areas with a slow
radionuclide transport. The conducted studies de-
monstrate intense processes of destruction of fuel
particles that accelerate migration of transuranic
radionuclides and *°Sr in the environment.
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TTybnikauii 8 pepepoBaHUX XKypHanax

SnepHa qisuka:”

B.I. KoBanpuyk, B.K. TapTaKOBCLKHﬁ|

Po3paxyHKku nepepisy Ta aHani3yrouoi CNPOMOXHOCTI
ANA peakUil nd-po3CisHHA Npu eHepriax, HUXKUYMX 3a
nopir poseany AenUTpoHa

Kypnan dizmunux gocmimkens 14, 2201/4 (2010)

M.C. Bopucosa

CUrHANU KBAPK-TIIFOOHHO! NNA3MU B eKCMepUMEHTi
CBM

Kypnan dizmunux gocmimkens 14, 3203/7 (2010)

W.H. Bumuesckuii, O.W. JlaBugoBckas,
B.A. XKentonoxckuii, A.H. CaBpacos

Wccenenosarue qpotoaenerus 2°°U u 2Py
M3eectus PAH (cep. dus.) 74, 538 — 541 (2010)

B.1O. Jlenucos, A.A. XyneHko

TTepuoas! a-pacnaaa, ceyeHWs a-3axearta v a-
aAepHOoe B3aumonelictemne

M3eectus PAH (cep. dus.) 74, 587 — 591 (2010)

B.1O. llenncos, O.1. JlaBunoBcKas

Ynpyroe paccesHue TsXeslbIX UOHOB U SAepHO-
SAepHbIV NOTeHUMUAn ¢ OTTANKUBAFOLLMM KOPOM

M3eectus PAH (cep. dus.) 74, 602 — 606 (2010)

0.0. Belyuskina, V.I. Grantsev, V.V. Davidovskii
etal.

T(d, p)tn reactions at a deuteron energy of 37 MeV
NzBectust PAH (cep. ¢us.) 74, 798 — 802 (2010)

B.1O. [denucos, H.A. ITununenko

Bsaumopelicteune U cnvsHUe NpouseosIbHO
OpPUEHTUPOBAHHBLIX AePOPMUPOBAHHLIX aAep

Wzsectus PAH (cep. dus.) 74, 808 — 812 (2010)

B.A. XKentonoxckuii, A.M. CaBpacoB

WUccneposarue (y, n)- peakumm B OKOJIONOPOrOBOMA
o6nacTu Ha aapax °Cdu ?'sb

Wzsectus PAH (cep. dpus.) 74, 861 — 864 (2010)

A.A. Kypresa, B.E.Murpoiux

YyeT KONMeKTUBHLIX cTeneHel csoboabl npu beta-
pacnaae HeyeTHbIX sAep

* . e .
[Nocunanns Ha myOiKaLii IpUBEAEHO B aju(aBiTHOMY
TIOPSIZIKY 32 Ha3BOIO XKYPHAIIIB

134

Uzsectus PAH (cep. ¢puz.) 74,911 — 914 (2010)
M.B. XKenronoxckas, H.B. Kymud, JI.B CagoBan-
koB, B.A. Kanuenko, 9.M. ITazyxun, H.W. I1anactok
MccnenosaHue U30TOMHBIX OTHOLWeEHWUWA B 0bpasLax,
OTO6paHHBIX B 6nuxHel 30He O6bekTa «YKpbITUe»

[Ipobnemu 6e3neKrn aTOMHUX JISKTPOCTAHITIN 1
Yopuoobuns 13, 123 — 127 (2010)

M.M. IlpaBnusuii, .O. Kopx, M.T. Ckisap
CepepHi pe3oHaHcHi napameTpu aaep Ni i Zn

VYxpaincekuit pizuunnii xxypHan 55, 170 — 174
(2010)

B.1. KoBanpuyk, [.B. Ko3noscrkuii,
|B.K. TapTaKOBCLKI/Iﬁ|

Po3paxyHkU XBUNbOBUX PYHKLIMA hd-cucTemu, gas i
Nepepisis nd-po3cisHHSA 3 BUKOPUCTAHHSM nepeqop-
MynbOBAHUX piBHSAHb @aafeeBa i meToay rinepcge-
PUYHUX PYHKLIIM

VYxpaincekuii ¢iznunui xxypHan 55, 342 — 349
(2010)

V.S. Olkhovsky

The analytic properties of the S-matrix for arbitra-
ry interactions which pass externally into the cen-
trifugal and rapidly decreasing potentials
Yxpaincekuit pizmunnii xxypHan 55, 568 — 578 (2010)

JLIL. Cunopenko, B.T. Kynpsimikin, A.1. ®eokricTos,
E.II. PoBeHCchKHX

EHepreTUUYHUM CNeKTp eNleKTPOHIB, WO BUHUKAE BHA-
CNiAOK IOHI3aLiT aTOMIB NpU NPOXOAKEHHI d-YaCTUHOK
Yepes peYvoBUHY

VYkpaincekuii ¢iznaanit xxypHan 55, 757 — 762 (2010)

O.1. laBugmosceka, B.FO. Jlenncos
TTpyxHe posciaHHs °O+"°0 i anepHo-aaepHUl
noTeHLian i3 BiAWTOBXYBASIbHUM KOPOM

VYxpaincekuit pizuanuii xxypran 55, 861 — 868
(2010)

|B.K. TapTaKOBCKI/Iﬁ|

deneHus nonapusaumnm Npu 3NeKTpoOMAarHUTHbIX
B3AUMOAEMUCTBUAX YacTUL C aApamu

SAnepna ¢i3uka ta enepreruka. 11, 7 — 15 (2010)

O.1. JaBumoscrka, B.1O. /lenncos, B.A. Hectepos
SlnepHo-aaepHUIA NOTeHUian i3 BiALTOBXYBASIbHUM
KOpOM i NpyxHe po3cisHHA. YacTuHa 1. TToTeHuian
afepHO-94epHOT B3aeMOAiT

SnepHa ¢izuka ta enepreruka 11, 25 — 32 (2010)

IHCTUTYT AJIEPHUX AOCJIDKEHb HAH YKPAIHU



OCHOBHI ITYBJIKALIIT

O.1. JaBunosceka, B.1O. [lenucos, B.A. Hectepos
SlnepHo-a4epHUN NOTeHUian i3 BiAWTOBXYBAIbBHUM
KOpOM i NpyXxHe po3cisHHA. YacTuHa 2. TTepepiszu
NPYXHOTO PO3CisHHA 3 ypaxyBaHHsM i 6e3 ypaxyBaHHs
Kopa

SAnepna disuka ta enepreruka 11, 33 — 40 (2010)

O.M. IloBopoznuk, O.K. I'opnuany, ['.B. Moxnau,
0.0. AumenboB

TTpo crexTp 36yaxeHHs *He HUxue eHeprii nopory
po3snaay Ha t+t
SAnepna ¢dizuka ta enepreruka 11, 41 — 48 (2010)

A.I1. Boiitep, B.I. Cnicenxo, M.1. JlopoHiH,
1.0. Masnuii, O.A. Bacunskesuy, B.B.I'oiik,
O.M. Koganros, B.I. Konmauos, B.I'. CaBuyx
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H.B. lunenko, JI.M. I'pe6inuk, JI.K. Bezapobna
3MiHU NepOKCUAHOrO OKUCTIEHHS NiNiAiB B NAA3Mi
KPOBi MIiCNs Pi3HUX PeXUMIB 3aranbHOrO i
JIOKANbHOrO ONPOMIHeHHs LWypiB

[Ipobnemu pamialiifHOT MEAUITIMHY Ta Paaio0iororii
15,329 - 332 (2010)
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M.B. XKenronoxckas, H.B. Kynua, JI.B.Cagoau-
koB, B.A. Karuenko, 3.M. Ilazyxun, H.W. ITanaciok
MccnenoeaHue U30TOMHBIX OTHOWeHUA B 06pasuax,
OTO6paHHBIX B 6nuxHel 30He O6bekTa «YKpbITUe»

[Tpobiemu Oe3nekr aTOMHHUX €IEKTPOCTAHLIH 1
Yopuobuns 13, 123 — 127 (2010)

M.I. Kysemenxko, [I.1. I'yakos, C.1. Kipees, B.B. be-
nseB, O.M. Bonkosa, B.I'. Knenyc, O.€. Karnsn,
H.JI. llenoga, 3.0. lIupoka, O.J1. 3apy0iH,

O.I. HacgiT, O.b. Hazapos, O.B. JI3t06¢eHKo,

JLIL. FOpuyk, B.A. Kpanum, M.I'. Mapnapesuu
TexHOreHHiI pafioHyKniaW Yy NpicCHOBOAHUX
eKOCUCTEMAX.

Bunasaunreo “Haykosa Jlymka”, Kuis (2010)

O.JI. 3apy6un, E. H. Bonkosa, B.B. benses,

B.A. KocTtiok

OcobeHHOCTU (POPMUPOBAHUSA [O30BLIX 3arPy30K Ha
pb16 KaHeBckoro BopoxpaHunuLa

SnepHa ¢izuka Ta eHepreTuka 11, 82 — 85 (2010)

B.B. Tpummun, O.B. CapudeBchka, 1.0. I1aBnenko,
H.M. JIzsatkoBcbka, A.Jl. CaxxeHok, AL Ky3sMmina
PagiaLiiHWiA MOHITOPUHT 06'eKTiB HABKOMULLHBLOTO
CepeaoBULLa B 30HI BNIMBY AOCNIAHULIbKOTO
anepHoro peaktopa BBP-M IS0 HAH YkpdiHu
SnepHa ¢dizuka ta enepreruka 11, 165 — 169 (2010)

H.E. 3apy6una, .A. Mamok, 2.}0. KoTumesckasi,
C.B. Teneukas, A.W1. I'onosay, JI.A. I'oitoBau
Bknaa B A03y 06nyueHUs Yenoseka oT *'Cs npu
ynoTtpebneHuu B NULLy AUKOpACTyLMX rpubos
SAnepna ¢i3uka ta enepreruka 11, 186 — 190 (2010)

O.J1. 3apy6un, A.A. 3amuccknii, B.A. Koctiok, E.H.
Bomnkosa, B.B. benses, 1. A. Mamoxk

YaenbHoe coaepxaHue *7Cs B MbIwLax NnoTeb
(Rutilus rutilus L.) 8 3aBUcUMMOCTU OT maccbl ocobu
SAnepHna ¢i3uka ta enepreruka 11, 191 — 194 (2010)
LIL. Apo3n, A.lL Jlunceka, M.IO. I'pumxyx

Ho ynockoHaneHHs meToAonorii ynpaeniHHs
paaiauitiHoro 6e3nekoro NepcoHany Ha ob'ekTax
ATOMHOI eHepreTUKU Ta NpOMUCIIOBOCTI

SAnepHa ¢i3uka ta enepreruka 11, 280 — 289 (2010)

M. B. XKenronoxckas, H. B. Kynny, A. 1.
Jlunckas|, IT. H. My3zones

MccnenosaHue noseaeHUs paanmoHyKnnaos
YepHOBBLINLCKOrO MPOUCXOXACHUS Ha TeppUTOpUn
ONMBbITHLIX MONUIOHOB B 6MXHeW 30He HADC
SnepHa dizuka Ta enepreruka 11 294 — 301 (2010)

IHCTUTYT AJIEPHUX AOCJIDKEHb HAH YKPAIHU



OCHOBHI ITYBJIKALIIT

H.U. Bnacenko, M.H. Koporenko, B.B. Tpumun

KcnepumeHTasbHbIe UCCNeloBAHUS HeATPOHHO-
3ALWMTHBIX CBOWCTB MMAPUAOB C MOBbILIEHHBIM
coAepxaHWem BOAOBOAA

SnepHa Ta pamiariiina 6esmeka 47, 16 — 17 (2010)

A.N. Berlizov, K. Mayer

Fast and accurate approach to y-spectrum modelling:

a validation study with a shielded / unshielded
voluminous uranium sample

Applied Radiation and Isotopes 68 1822 — 1831
(2010)

[IIOPIYHUK - 2010

B.K. Bylkin,. D. Craig, Yu.E. Gorlinsky, N.F. Har-
man, R Jackson, V.I. Kolyadin, Yu.N. Lobach,
V.1. Pavlenko

Development of decommissioning strategy for the
MR reactor

Kerntechnik 75, 30 — 34, (2010)

A.N. Berlizov, D.A. Sharikov, H. Ottmar, H. Eberle,
J Galy, K. Luetzenkirchen

A Quantitative Monte Carlo Modelling of the
Uranium and Plutonium X-ray Fluorescence (XRF)
Response from a Hybrid K-edge / K-XRF
Densitometer

Nuclear Instruments and Methods in Physics
Research A 615, 127 — 135 (2010)
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A.T'. Aptiox, B.B. Ocramko, }O.H. [1aBienko,

N.A. Tripac, B.JI. [11a6noB

Hen3onunpoBaHHbIM KNACTepHbIM pacnan pe3oHaHCcoB
HeUTPOHHOU3OLITOUHLIX NerkuX aAep B MHorodac-
TUYHBIX peaKLmsax

VIII xoHdepeHwis 3 ¢pi3uku BUCOKUX CHEPTiH, saep-
HO1 (pi3UKH Ta MPUCKOPIOBaviB, XapKis, 22 — 26 Ito-
toro 2010 p.

A.II. JTamko

BU3HaUYeHHa MArHiTHUX MOMEHTIB 9AepHUX CTaHIB 3a
HAATOHKUM 3CYBOM JiHilA eNeKTPOHIB BHYTPILUHbOI
KoHBepcii

VIII xoHdpepeHtis 3 Gi3UKH BUCOKUX €HEPTiH, saep-
Hoi (hi3MKH Ta IPUCKOPIOBadiB, Xapkis, 22 — 26 mro-
toro 2010 p.

I0.M. Mamota, T.B. O6uxoxa

KomnbroTepHoe cumynmnpoBaHUenpoLieccos poxae-
HUs cynepyacTul Ha konnaviaepe LHC

VIII koHdepeHwis 3 ¢pi3uku BUCOKUX SHEPTiH, saep-
HOT (pi3UKH Ta MPUCKOPIOBaviB, XapKis, 22 — 26 Ito-
toro 2010 p.

IO.M. [TaBnenko, K.O. Tepeneupkuii,

B.I1. Bepournekwuii, O.1. Pyanens, LI1. JIpsmadenxko,
E.M. Mosxokyxin, B.M. [lo6pikos, FO.4. Kapnues,
O.K. I'opniuany

PosiwenneHHs aelitpoHis sapamu ®Ni Ta 2°6Pb npu
niabap'epHux eHepriax Ed = 7,3 MeB

VIII xordepentis 3 Gpi3MKH BUCOKUX CHEPTIH, saep-
Hoi (h3UKHU Ta IPUCKOPIOBadiB, XapkiB 22 — 26 Imo-
toro 2010 p.

10.H. [TaBnenko, B.JI. [1labmoB, U.A. Tripac,

O.K. I'oprinany, H.JI. Hopomko, B.H. 1o6pukoB,
B.A. Kuga, T.A. Kop3una, A.B. Crenanrox
Pacnaa no pasHbIM KaHanam BbICOKOBO36YXAEHHLIX
pe3oHaHcos He

VIII xordepentis 3 Gpi3MKH BUCOKUX CHEPTIH, saep-
Hoi (hi3UKH Ta IPUCKOPIOBadiB, Xapkis, 22 — 26 mro-
toro 2010 p.

V. Aushev
Charmed Mesons in ep Scattering at HERA

Nordic Winter Meeting on Physics @ FAIR Bjork-
liden, Sweden, March 22 — 26, 2010
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KOH(pepeHUiax

F.A. Ivanyuk

A Fresh Look at the Scission Configuration

“The Scission Process: The Last Stage of Nuclear
Fission”

Workshop of the Espace de Structure Nucleaire
Thorique, CEA/SPhN, Gif-sur-Yvette, France, April
12-16,2010

V. Aushev
Beauty in photoproduction at ZEUS, DIS10
XVIII International Workshop on Deep Inelastic

Scattering and Related Subjects, Convitto della
Calza, Florence, April 19 — 23, 2010

V.V. Kobychev

Simulation of response of CaMoO, detectors to
internal impurities and to the double beta processes
AMORE software workshop, Seoul, Korea (with the
EVO conference system), May 7, 2010

V.I. Tretyak
DECAYO: event generator for initial kinematics of
events in o, B and 2 decays of atomic nuclei

AMORE software workshop, Seoul, Korea (with the
EVO conference system), May 7, 2010

M. Steck, C. Dimopoulou, A. Dolinskyy,

B. Franzke, T. Katayama, S.A. Litvinov, F. Nolden,
C. Peschke, D. Mohl, L. Thorndahl

The Concept of Antiproton Accumulation in the
RESR Storage Ring of the FAIR

"1st International Particle Accelerator Conference-
2010", Kyoto, Japan, May 23 — 28, 2010

B.M. KynoBbenko

BuMiproBaHHS XapaKkTepuCTUK CUUMHTUNAUIMHUX KpU-
cTanis ANS KPioreHHUX eKCnepumeHTIB 3 MOLYyKy
4YaCTUHOK TeMHOT maTepii Ta NnoAgiiHoro B-posnaay
International Conference “Astronomy and Space
Physics in Taras Shevchenko Nat. University of
Kyiv”, Kyiv, Ukraine, May 24 — 28, 2010

S.S. Nagorny

Development of enriched *°CdWO, crystal
scintillators fo search for double  decay processes
in%cd

International Conference “Crystal Materials 2010
(ICCM’2010)”, Kharkov, Ukraine, May 31 — June 3,
2010

IHCTUTYT AJAEPHUX JOCJIKEHb HAH YKPAIHU
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3" International Conference “Current Problems in
Nuclear Physics and Atomic Energy”, Kyiv,
Ukraine, June 7 - 12, 2010, see pp. 154 — 156

D.M. Chernyak

First results of the experiment to search for 28
decay of °°Cd with the help of '°CdWOQ, crystal
scintillators

Carpathian Summer School of Physics 2010, Sinaia,
Romania, June 20 — July 3, 2010

0.0. Belyuskina, V.I. Grantsev, V.V. Davidovskyy,
L.I. Slusarenko et al.

Quasi-free inclusive processes for two-particle
splitting of tritons by deuterons with energy of

37 MeV

LX International conference on nuclear physics "Nu-
cleus 2010", St. Petersburg, Russia, July 6 — 9, 2010

0O.A. Bezshyyko, O.M. Vodin, L.O. Golinka-
Bezshyyko, A.M. Dovbnya, .M. Kadenko,

0.0. Kivernyk, O.A. Kovalenko, V.A. Kushnir,

A.L Levon, V.V. Mitrochenko, S.M. Olejnik,

G.E. Tuller

Isomer Ratios for Products of Photonuclear Reac-
tions with Middle-Weight Nucle

LX International conference on nuclear physics "Nu-
cleus 2010", St. Petersburg, Russia, July 6 —9, 2010

A.A. Kurteva, V.E. Mitroshin
Beta-decay '’cd = ”Agand '°cd = ®Aqg

LX International conference on nuclear physics "Nu-
cleus 2010", St. Petersburg, Russia, July 6 —9, 2010

A.T. Rudchik, Yu.M. Stepanenko, A.A. Rudchik,
O.A. Ponkratenko, E.I. Koshchy, S. Kliczewski,

K. Rusek, A. Budzanowski , S.Yu. Mezhevych,

I. Skwirczynska, R. Siudak, B. Czech, A. Szczurek,
J. Choinski, L. Glowacka

Mechanism of "Li(*®0, ¢ ’N)’ ®Be reactions and *N
+°Be, N + 8Be optical potentials

LX International conference on nuclear physics "Nu-
cleus 2010", St. Petersburg, Russia, July 6 —9, 2010

A.T. Rudchik, Yu.M. Stepanenko, A.A. Rudchik,
O.A. Ponkratenko, E.I. Koshchy, S. Kliczewski ,
K. Rusek, A. Budzanowski, S.Yu. Mezhevych,

I. Skwirczynska, R. Siudak, B. Czech, A. Szczurek,
J. Choinski, L. Glowacka

Li(*®0, "N) ®Be reaction mechanism and "N + ®Be
potential; "N + °Be potential from Li(**0, 'N) ®Be
reaction analyses

Zakopane Conference on Nuclear Physics, Za-
kopane, Poland, August 30 — September 5, 2010

IIIOPIYHUK - 2010

A.T. Rudchik, Yu.O. Shyrma, E.I. Koshchy, S. Klic-
zewski, B.G. Novatski, O.A. Ponkratenko, E. Pi-
asecki, G.P. Romanyshyna, K. Rusek, Yu.M. Ste-
panenko, 1. Strojek, S.B. Sakuta, A. Budzanowski,
L. Glowacka, 1. Skwirczynska, R. Siudak, J. Choin-
ski, A. Szczurek

Elastic and inelastic scattering of 21314 + 80 ver-
sus 12,13, 14C - 160

LX International conference on nuclear physics "Nu-
cleus 2010", St. Petersburg, Russia, July 6 — 9, 2010

V.S. Olkhovsky

The Problems of the Origin of Biologic Life and of
the Reductionism of Biology to Physics (Quantum
Mechanics)

Humboldt Kolleg “Mathematics and Life Sciences:

Possibilities, Interplacements and Limits”, Kyiv,
August 5 -8, 2010

F. Danevich

Rare nuclear and sub-nuclear processes: physics
beyond the standard model of particles

10-th Int. Gamow Summer School “Astronomy and
beyond: Astrophysics, Cosmology and Gravitation,
Cosmomicrophysics, Radio-astronomy and Astrobi-
ology” & Cosmomicrophysics Workshop, Odessa,
Ukraine, August 23 — 28, 2010

V. Kobychev

Detection of geoneutrinos by Borexino detector
10-th Int. Gamow Summer School “Astronomy and
beyond: Astrophysics, Cosmology and Gravitation,
Cosmomicrophysics, Radio-astronomy and Astrobi-
ology” & Cosmomicrophysics Workshop, Odessa,
Ukraine, August 23 — 28, 2010

V.1 Tretyak

Search for solar axions through resonant excitation
of nuclei

10-th Int. Gamow Summer School “Astronomy and
beyond: Astrophysics, Cosmology and Gravitation,
Cosmomicrophysics, Radio-astronomy and Astrobi-
ology” & Cosmomicrophysics Workshop, Odessa,
Ukraine, August 23 — 28, 2010

V.A. Plujko, O.M. Gorbachenko, R. Capote,

V.M. Bondar

El strength functions for photoabsorption and emis-
sion within closed-form methods

Workshop on gamma-strength and level density in
Nuclear Physics and Nuclear technology, Dresden-
Rossendorf, Germany, August 30 — September 3,
2010
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M.S. Borysova, Yu.O. Karpenko, Yu.M. Sinyukov
Evolution of energy density fluctuations in A+A col-
lisions

6-th Workshop on Particle Correlations and Femto-
scopy (WPCF2010), Kyiv, Ukraine, September 14 —
18,2010

J. Blocki, J. Skalski, A.G. Magner, 1.S. Yatsyshyn
Chaos vs Order in Nuclei

Symmetry & symmetry breaking in nuclear physics:
17th Nuclear Physics Workshop “Marie and Pierre

Curie”, Kazimierz Dolny, Poland, September. 22 —
26,2010

A.P. Kobushkin, Ya.D. Krivenko-Emetov
Two-photon exchange in electron deuteron scatter-
ing

20-# MibkHapoIHUH banmiHChKUi ceMiHap 3 Gi3uKH
Bucokux eHepriii "Relativistic Nuclear Physics and
Quantum Chromodynamics", y6na , Pocis, 4 — 9
skoBTHS 2010 p.

V.V. Kobychev
Resolution and separability of Ov and 2v spectra

2-nd Int. Workshop on Double beta Decay Search,
Daejon, Korea, October 7 — 8, 2010

V.I. Tretyak
Recent results on DBD in KINR

2-nd Int. Workshop on Double beta Decay Search,
Daejon, Korea, October 7 — 8, 2010

V.I. Tretyak
Quenching factors for ions in scintillators

2nd Int. Workshop on Double beta Decay Search,
Daejon, Korea, October 7 — 8, 2010

V.1 Tretyak

Last developments in the DECAYO/GENBB event
generator

NEMO-3/SuperNEMO Workshop, Dubna, Russia,
October 25 — 28 2010

S.P. Maydanyuk, V.S. Olkhovsky, G. Mandaglio,
M. Manganaro, G. Fazio, G. Giardina

Bremsstrahlung accompanying ternary fission of
nuclei

International Symposium Quasifission Process in
Heavy Ion Reactions. Messina (Italy) November 8 —
9,2010

D. Chernyak

Search for double beta decay of '*°Cd with the help
of enriched '°°CdWQ, crystal scintillator
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Int. Student Workshop on Neutrinoless Double Beta
Decay, Laboratori Nazionali del Gran Sasso, As-
sergi, Italy, November 11 — 13, 2010

R. Podviyanuk

Development of CaMoO, scintillation detector to
search for Ovpp decay of Mo

Int. Student Workshop on Neutrinoless Double Beta
Decay, Laboratori Nazionali del Gran Sasso, As-
sergi, Italy, November 11 — 13, 2010

C.C. Haropnsiii, ®.A. lanesuy, U.K. Betinudd,
B.B. KoGsrues, X. Kpayc, M. JlayGenmreiin,

I1. JIyuza, B.b. Muxaiinuk, A.C. Hukonaiiko,
.M. Conbckuit

BrnsHWe nepekpucTannusaLmMu Ha paavoakTUBHYHO
3arpsA3HEeHHOCTb CLIUHTUNNALMOHHBIX KpUCTANNoB
CC(WO4

MesxnyHapoanas koHdepeHuus "VHxeHepus CliH-
TWUSIIMOHHBIX MaTepUaiOB U paJMalliOHHbIE TeX-
nonorun" (MCMAPT-2010), XapskoB, YkpanHa,
14 — 19 HOs10ps1.2010 T.

JI.B. TTona, ®.A. JlaneBuy, P. bepnabeii

CUMHTUNNATOpLI B HEYCKOPUTENbHOM U3MKe 3re-
MeEHTapHBIX YacTuL

MesxayHnapoaHas koHhepennus "MHxeHepus CIlHH-
TUUBSIIIAOHHBIX MATEPUATIOB U PaJUAIIMOHHBIC TEX-
aosornu" (MCMAPT-2010), XaprkoB, Ykpaunna,
14 — 19 HOs10ps1.2010 T.

W.A. Tynungeiaa, }O.5. Boctpenos, ®@.A. /laneBuy,
JI.JI.LHaropHas

HW3KOPOHOBLIE OKCUAHBIE KPUCTANILL ASS MOUCKA
TeMHOM matepun U ABoMHoro beTa-pacnaaa
MexnyHapoaHas koHhepenius "VHkxeHepus CIiuH-
TWUIAIUOHHBIX MaTepHalIOB U paJHaIlIOHHBIC TeX-
Hosorun" (MCMAPT-2010), XapskoB, YkpanHa,

14 — 19 HOs10ps.2010 T.

ATOMHa eHepreTuka:

O. Gritzay

"Ukrainian Nuclear Data Centre Progress Report,
2009/10. Summary of Nuclear Data Studies by
Staff of the Ukrainian Nuclear Data Centre"
IAEA Technical Meeting of the International Net-
work of Nuclear Reaction Data Centres, IAEA
Headquarters, Sapporo, Japan, April 20 — 23,2010

N.O. Atamas, O.A. Vasilkevich, V.V. Krotenko

Analysis of properties and radial distribution func-
tion of the propanol-water system

IHCTUTYT AJAEPHUX JOCJIKEHb HAH YKPAIHU
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5-th International Conference “Physics of Liquid
Matter: Modern Problems”, Kyiv, Ukraine, May
23 -26,2010

L.A. Bulavin, P.A. Selyshchev, V.M. Sysoev
Change of liquid viscosity by ionizing particulars
5-th International Conference “Physics of Liquid

Matter: Modern Problems”, Kyiv, Ukraine, May
23 -26,2010

T.V. Karmazina, V.I. Slisenko, A.A. Vasilkevich,
V.M. Omelchenko

Dynamics of water under carbon coal sorbents and
silicacontaminating components

5-th International Conference “Physics of Liquid
Matter: Modern Problems”, Kyiv, Ukraine, May
23 -26,2010

V.V. Klepko, N.V. Kozak, A.V. Hubina, V.I. Slis-
enko, O.A. Vasilkevich

Water diffusion in biopolysaccharide based
mesopore systems

5-th International Conference “Physics of Liquid
Matter: Modern Problems”, Kyiv, Ukraine, May
23 -26,2010

V.V. Klepko, S.V. Riabov, Y.Y. Kercha,

I.V. Babych, V.I. Slisenko, O.A. Vasilkevich,
L.A. Bulavin.

Molecular dinamics in cyclodextrin solutions

5-th International Conference “Physics of Liquid
Matter: Modern Problems”, Kyiv, Ukraine, May
23 -26,2010

P.A. Selyschev, M.V. Kobets, V1. Slisenko
Kinetics of clusters formation in liquids under the
influence of radiation

5-th International Conference “Physics of Liquid
Matter: Modern Problems”, Ukraine, Kyiv, May
23 -26,2010

P.A. Selyschev, L.V. Moskalenko, V.I. Slisenko
Kinetics of drops growth in binary solution under
irradiation

5-th International Conference “Physics of Liquid
Matter: Modern Problems”, Ukraine, Kyiv, May
23 -26,2010

V.I. Slisenko, A.A. Vasilkevich, O.Yu. Aktan

Mechanisms of the water diffusion in the swollen
collagen-like structures

5-th International Conference “Physics of Liquid
Matter: Modern Problems”, Kyiv, Ukraine, May
23 -26,2010

IIIOPIYHUK - 2010

P.A. Selyschev
Creep in solids under irradiation
19th Annual Conference of Doctoral Students

WDS’10, Part III, Physics, Prague, Czech Republic,
June 1 -4, 2010

JLLA. Bynagumn, [1.A. Cenumies, B.M. CricoeB. Bnusa-
HWe paauaLUOHHO-UHAYLIMPOBAHHOTO 06pa3oBaHUS
KNACTepoB Ha XAPAKTEpPUCTUKU PA3OBLIX MepexOonos
XX MexayHapoaHoe coBemanue ""Pagnanmonsas

¢usmka tBepaoro tena", CeBacronons, 5 — 10 utons
2010r.

A.B. lemunmws, [1.A. Cenuies

TTepkonsuus TpexosbIx obnacteit B TOHKOM Nna-
CTUHKe, 0611y4aemoli ¢ ABYX CTOPOH

XX MexayHaponHoe copemanue "Paanannonnas

¢uznka TBepaoro tena", CepacTonoib, 5 — 10 urons
2010r.

I1.A. Cenumes, M.B. KobGew, B.1. Ciaucenko. KuHe-
TUKa 06pa30BAHUS U HAKOMSIeHUS PaAUALIUOHHO-
WHAYLIMPOBAHHBIX KIACTEpOB Y MaTtepuanax ap.

XX MexayHapoaHoe coBenianue "Paguannonnas

¢usmka tBepaoro tena", CeBacronons, 5 — 10 utons
2010r.

I1.A. Cenumies, JI.B. MockajieHKO

Ycnosua cylecTBOBaHUA cqpepudeckux BblaeneHuin
BTOPOU (pasbl B 6BUHApHBIX crniasax nog obsyveHuem
XX MexayHaponHoe copemanue "Paanannonnas

¢uznka TBepaoro tena", CepacTonoib, 5 — 10 urons
2010r.

M.B. Ko6err, I1.A. Cenumes, B.W. Cnucenko. Yn-
pOLLeHHbIe YpaBHeHUs ANs ONUCaHUA 06pa3osaHUA
KNacTepoB y maTepuanax noa obnyyeHuem.

XIX MexnyHapoHas KoHQepeHIus 1o Qu3uke
paaualMOHHBIX SIBIICHUHN U paiMallMOHHOMY MaTe-
puanoBenenuio, Amymra, 8 — 13 cents6ps 2010 r.

JI.B. Mockanenko, II.A. Cenuiien

AUHaMUKa U3MeHeHUs pasmepa cpepuyeckmnx Bbiae-
JleHuli A-KoMNOHeHTa y A-B cnnase noa obnydeHu-
em

XIX MexnyHapoaHas koH(pepeHus 1o GU3uKe
paluanuoOHHBIX SABJICHUH U PaJUallMOHHOMY Mate-
puanoBeneHuto, Amymra, 8§ — 13 centsops 2010 r.

I1.A. Cenumen

[uHamuKa pocTa cpepuyeckux Kanenb XUAKOCTU B
nape noa obsyyYeHuem.

XIX MexnyHapoaHas KoHQepeHIus 1o Qu3uke
paanaiinOHHBIX SIBJICHUU 1 pagualilMOHHOMY MaTe-
puanoBenenuto, Amymra, 8 — 13 cents6ps 2010 r.
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P.A. Selyschev
Self-organization in solids under irradiation

Cumnosiym "Quantum resonances in Nuclear, Mo-
lecular and Solid State Physics", [Ipetopis, [1AP,
19 — 27 Bepecns 2010 p.

Y.P. Mabhlers
Safety Aspects of Converting the WWR-M Re-
search Reactor in Ukraine from HEU to LEU Fuel.

IAEA Technical Meeting on "Safety Aspects of
Research Reactor Core Management and Conversion
from HEU to LEU", Vienna, Austria, September27 —
October 1, 2010

Y.P. Mahlers, V.M. Makarovsky, I.A. Maliuk,
O.F. Rudyk

Feasibility of Converting the WWR-M Research
Reactor in Ukraine from HEU to LEU Fuel by the
End of 2010

The 32d International Meeting on Reduced Enrich-
ment for Research and Test Reactors, Lisbon, Portu-
gal, October 10 — 14, 2010

PapiauiiHa @isuka Ta paaiauiiiHe
MartepianosHascTeo:

V. Revka
KINR re-evaluation for RRC-KI report

6th Progress meeting of the TAREG Project 2.01/03,
Rez, Czech Republic, February 10 — 11, 2010

V. Revka
Reconstitution and testing of SUNPP unit 1 RPV
irradiated set 3L surveillance specimens

6th Progress meeting of the TAREG Project 2.01/03,
Rez, Czech Republic, February 10— 11, 2010

B.1. Caxwno.

Hosgi yKpdiHCbKi eneKTpogi3uyHi TexHonorii mope-
NpoAyKTiB

Perionanpamii ceminap ®AO «COT i goctyn no

PUHKIB prOanbCcTBa Ta aKBaKyIbTypu», Kuis, 29 —
31 6epesns 2010 p.

A.A. Chernyuk, V.I. Sugakov

Spatial structures of the exciton liquid phase for-
mation in semiconductor quantum wells at different
laser pumpings

V International conference of physics of liquid mat-
ter: modern problems, Kyiv, May 21 — 24 2010

JL.U. Yupko, B.H. Peka, I'.II. I'punueHko,

B.4. Kosnos, B.B. CToBOyH

MccnenosaHue obnyyeHHbIX 06pasLios-cauaeTenei ¢
NpUMeHeHUem TeXHONOTUU PeKOHCTPYKLIUU

7-1#1 mixxaapoaHiit koHpepenuii MHTK-2010, Mo-
ckBa, Pocist, 26 — 27 tpaBus 2010

V. Revka
Reconstitution and testing of ZANPP unit 1 RPV
irradiated set 2L surveillance specimens

7th Progress Meeting, St. Petersburg, Russian Fed-
eration, June 17 — 18, 2010

I1.T". JIutoBuenko, A.O. dpyxusnin, FO.M. OBepko,
A4l Kapnenxo, H.T. ITaBnoscbka, B.M. Ilmonb
Bnve NpoTOHHOro ONpomiHeHHs Ha BNACTUBOCTI
HUTKONOAIGHUX KpucTanie Si-Ge

MixuapoaHa KoHbepeHis no cencopax, SEMST 4,
Onecca, 28 uepBHs — 02 mumas 2010 p.

L. Chyrko, V. Revka, S. Kovbasenko, Yu. Chai-
kovsky, Yu. Gulchuk, V. Otsaluk

Implementation of reconstitution technique for
surveillance tests at Kiev Institute for Nuclear
Research

47th Annual Meeting “Hot laboratories and remote

handling” Working Group, Dimitrovgrad, Russian
Federation, September 6 — 10, 2010

W.H. Bumnesckuii, H.W. Bnacenko, JI.U. Yupko,
B.H. PeBka, B.41. Koznos, I'.I1. 'punuenko,

O.H. Yansri

TTpuMeHeHWe MeTOAUKU peKOHCTPYKLMKU 06pasLios-
csuaeTtenel ans o60cHoBaHUA cpoka 6esonacHol
3KcnJyataumm kopnycoe peaktopos BB3P-1000
XIX Mixnap. koH(pepeHii 3 (i3uku pagiamiitHux
SIBHII| Ta PaliallifHOr0 MaTepialo3HaBCTBa, ATyIl-
Ta, 6 — 11 Bepecus 2010 p.

A.A. I'posa, ILT". JIuroByenko, M.I. Ctapuuk,

B.I. Xiepuy, I'.I'. [lImaTkO

CamoopraHisauis pasialiiHUX AeeKTiB B KpemHii,
OMPOMIHEHUX BUCOKO-eHepreTUYHUMU d-4aCTUHKAMU
i NpOTOHAMMU

Jporo6unpka VII MixkaapoaHa 1mkona-KoHpepeH-
1isl «AKTyanbHi mpoOsiemMu (hi3MKH HamiBIIPOBiAHU-
KiB», Jporobuy, 28 BepecHs — 1 sxoBTHs 2010 p.

J.1O. Konecnuk, B.1. Caxno, O.M. Daiinneid

OpraHOCUNOKCAHLI NMPU PAAUALIMOHHO-XUMUYECKOM
caHauum 6eToHa

12 ykpaiHcbka KOH(pEPEHLis 3 BUCOKOMOJIEKYIISP-
HUX cnodyk, Kuis, 18 — 21 xoBTHs 2010 p.
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L. Chyrko, V. Revka, Yu. Chaikovsky,

Yu. Gulchuk, V. Otsaluk, R. Frankov

Application of the reconstitution techniques to
WWER-1000 reactor pressure vessel materials in
Ukraine

IAEA Technical Meeting on Irradiation Embrittle-
ment and Life Management of Reactor Pressure

Vessels in Nuclear Power Plants, Znojmo, Czech
Republic, October 18 — 22, 2010

B.H. bykanos, 1.H. Bumnesckuii, H.1. Brnacenko,
JL.U. Yupko

MOHUTOPUHT COCTOSIHUS MeTanna Kopnycos peak-
Topos BB3P-1000 Ha YkpauHe

IIT poccuiicko-yKpauHCKOE COBEIAHUE-CEMUHAD
«Pa3BuTHe aTOMHOW SHEPreTHKH — (haKTOp YCTOMH-
YHBOT'0 MEXTOCYAAPCTBEHHOTO COTPYAHUYECTBAY,
Bunorpanoro, Mockosckast 0611., Poccus, 18 — 22
okts0ps 2010 1.

B.1. Cyrakos, B.B. Tomunko, A.A. YepHIok.
TTpocTpaHCcTBEHHOE pacnpeaeneHne SKCUTOHHBIX
KOHAEHCUPOBAHHBIX pa3 B MOJTYNPOBOAHUKOBBLIX
KBAHTOBLIX SMAX BO BHELUHUX MONAX.

II Mexnynapoanas HayuHast KoHepenuus "Hanoc-
TpykTypHble MaTepuansi-2010: benapycb-Poccus-
Ykpanna" Kues, 19 — 22 oktsi6pss 2010 1.

0O.A. ®egoposuy, JI.M. Boiitenko

06 ocobeHHOCTSX pacnaaa HemAeanbHOW NIa3mbl
WMRYIbCHLIX pa3psAoB B BOAe

MesxayHapogHas HayYHO-TIPaKTHYecKask KOHpepeH-
s "OHeprosddextuBHocTh-2010", Kues, 19 — 21
okTs0pst 2010 T.

V.V. Tomilko, V.I. Sugakov

Exciton condensation in double quantum wells under
external harmonic potential

11th International Young Scientists Conference Op-
tics and High Technology Material Science SPO-
2010, Kyiv, Ukraine, October 21 — 24, 2010

L. Chyrko

Surveillance Specimens Reconstitution - Issues and
Advantages

Final Dissemination Meeting on Project TAREG
2.01/00 + 2/01/03, Kiev, November 30-December 1,
2010

IIIOPIYHUK - 2010

$isuka nnasmu:

Y. Baranov, I. Jenkins, V. Kiptily, J. Ongena,
V. Yavorskij

Evidence of anomalous losses of fusion products on
JET

37th EPS Conference on Plasma Physics, Dublin,
Ireland, June 21 — 25, 2010

L. Litovko, A. Goncharov
Computer model for plasma devices based on the
plasma lens configuration

37th EPS Conference on Plasma Physics, Dublin,
Ireland, June 21 — 25, 2010

L. Litovko, A. Goncharov,
Plasma-optical model for magnetron type cylindrical
gas discharge

37th EPS Conference on Plasma Physics, Dublin,
Ireland, June 21 — 25, 2010

M. Tyshchenko, Yu.V. Yakovenko
Transformations of kinetic Alfvén waves in toroidal
plasmas

37th EPS Conference on Plasma Physics, Dublin,
Ireland, June 21 — 25, 2010

Ya.l. Kolesnichenko, A. Kénies, V.V. Lutsenko,
Yu.V. Yakovenko

Affinity and difference between energetic-ion-
driven instabilities in 2D and 3D toroidal systems
Alushta-2010 International Conference-School on

Plasma Physics and Controlled Fusion, September
13-18,2010

V.V. Lutsenko, Ya.l. Kolesnichenko,

Yu.V. Yakovenko

Modelling of degradation of the efficiency of NBI
heating in NSTX discharges with high frequency
Alfvénic activity

Alushta-2010 International Conference-School on

Plasma Physics and Controlled Fusion, September
13 -18,2010

P.D. Starchyk, P.V. Porytsky

On the transport properties of a nonideal plasma of
underwater discharges
Alushta-2010 International Conference-School on

Plasma Physics and Controlled Fusion, September
13 -18,2010
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L. Litovko , S. Dunets, A. Evsykov, A. Goncharov,
V. Gushenrts, V. Goretskiy, E. Oks, I. Soloshenko
The positive space charged lens for focusing and
manipulating high-current beams of negatively
charged particles

XXIV ISDEIV, Brunswik, Germany, September
29 — October 3, 2010

V.G. Kiptily, G. Gorini, 1. Proverbio, M. Tardocchi,
I.N. Chugunov, V. Goloborod’ko, V. Yavorskij, et
al.

Interpretive modelling of neutral particle fluxes
generated by NBI ions in JET

23rd IAEA Fusion Energy Conf., Daejeon, Korea,
October 11 — 16,2010

O.A. ®enmopoBry

SMnupUYecKkoe COOTHOLWEHWE AN MPAHULILI CNeKTpa
napHLIX coctosHUA HTT B AnanasoHe KOHLEHTpaLmiA
anektpoHos 1017 <Ne < 1022cm-3

MesxayHapoaHas Hay4HO-TIPaKTHUECKas KOHpe-

pennus "DHeproaddexruHocth-2010", Kues, 19 —
21 okrsi0ps 2010 1.

Panioexonoria Ta paaiobionoris:

10.A. Xowmenko, O.B. I'aiizap, [.M. Ky3menko,
B.B. Tpumun

CucTema ONepaTUBHONO BUSIBIIEHHS BMNIUBY
AOCNIAHULIbKOTO 9epHOTO peakTopa Ha AOBKiNNA
MAOrO CaHiTapHO-3aXUCHOT 30HU

IV BceykpaiHcbko1 HayKOBO-IIPAaKTUUHOI KOH(EpeH-
mii "CydJacHi TeHIEHIIIi po3BUTKY iH(OpMaIiitHIX
TEXHOJIOTiH B HayIli OCBITI Ta eKoHOMII", JIyraHChK,
15— 17 xBitasg 2010 p.

A.N. Berlizov
Setting up a Regional Nuclear Forensics Network
GICNT Workshop on Nuclear Forensics and Legal

Aspects to Combat Nuclear and Radiological Terror-
ism, Jerusalem, Israel, June 6-8, 2010

M.V. Zheltonozhskaya, V.A. Zheltonozhsky,

N.V. Kulich, M.D. Bondarkov, A.M. Maximenko
Research of radionuclides concentration in fuel con-
taining materials from 4th unit of CHNPP and Cher-
nobyl Exclusion Zone

LX International conference on nuclear physics
“NUCLEUS 20107, Saint-Petersburg, Russia, July
6-9,2010
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M.B. Xenronoxckas, A.W. JIumckas,
B.H. Hukomaes

MccneposaHue BepTUKabHOU MUMpaLiMm
PAANOHYKIIUAOB YepHOBLLIIbCKOO MPOUCXOXACHUS
B86nm3m O6bekTa «YKpbITUE»

VI MixkHapoaHa HayKOBO-ITPaKTUYHA KOH(EPEHIIis
“Exomnoriyna Oe3neka: mpoOiIeMH i NIISTXH BUPIIICH-
Ha, Anymra, 6 — 10 Bepecus 2010 p.

O.J1. 3apy6un

O ce30HHOU AMHAMMKe coaepxaHus *'Cs B nnotee
KaHesckoro soaoxpaHunuia (2006 - 2009 rr.)

VI MixnapoHa HAyKOBO-TIPaKTHIHA KOHPEPEHITist
“Exooriyna 6e3reka: mpo0JieMH 1 MIJISIXU
BupimenHs” Anmymra, 6 — 10 Bepecus 2010 p.

0O.J1. 3apy06in, B.A. Koctiok, A.A. 3amucckuit
PaayoHyknuaHoe 3arpssHeHWe UXTUOQAyHLL BOAO-
ema-oxnaautens nocne aeapum Ha YASC

11 mi>kHapoana koHpepenuis «Di3uuHi MeToaH B
€KoJI0T11, OloJiorii Ta MeauIMHI», JIbBIB — I1lanpK,
9 — 12 Bepecus 2010 p

A. N. Berlizov, P. van Belle, E. Zulege, H. Ottmar

Re-evaluation of Spectroscopic Characteristics for
the 159 keV y-line in 242Pu o-decay
8th Ukrainian Conference on Physical Protection,

Accountancy and Control of Nuclear Material, Se-
vastopol, Ukraine, 13 — 17 September, 2010

A.N. Berlizov, D.A Sharikov, H. Eberle, H. Ottmar,
J. Galy, K. Luetzenkirchen

Monte-Carlo Modelling for the Enhanced XRF Analy-
sis of Uranium and Plutonium Solutions with the
Hybrid K-Edge / K-XRF Densitometer Technique
8th Ukrainian Conference on Physical Protection,

Accountancy and Control of Nuclear Material, Se-
vastopol, Ukraine, 13 — 17 September, 2010

0.0. Burdo, D.O. Vishnevskiy, T.V. Melnik,

K.O. Burdo, L.K. Bezdrobna

Condition of genetic material in a bone marrow cells
of voles in sites within 30 km Chernobyl exclusion
zone in remote period after accident

The International N.W. Timofeeff-Ressovsky con-
ferences "Modern problems of genetics, radiobiol-

ogy, radioecology and evolution", Dubna: JINR-
2010, Alushta, Ukraine, October 9 — 14, 2010

M. Zheltonozhska, A. Lypska, N. Kulich
The behavior of radiounuclides in soils at nearest 5-
km Chernobyl Nuclear Power Point zone

III International conference “Modern problems of
genetics, radiobiology, radioecology, and evolution

IHCTUTYT AJAEPHUX JOCJIKEHb HAH YKPAIHU


http://wwwinfo.jinr.ru/drrr/Timofeeff/Alushta/Menu/MenuSet_10.htm

JOIIOBIAI HA KOH®EPEHIIIAX

dedicated to the 110th anniversary of the birth of
N.W.Timofeeff-Ressovsky”, Anymra, 9 — 14
sxoBTHS 2010 p.

A. 1. Lypska, M.V. Zheltonozhskaya, O.0. Burdo,
V.I. Nikolaev, D.O. Vishnevskiy

Spectrometric researches of Clethrionomys sp.
from nearest 5 km ChNPP zone

III International conference “Modern problems of
genetics, radiobiology, radioecology, and evolution
dedicated to the 110th anniversary of the birth of
N.W.Timofeeff-Ressovsky”, Amymra, 9 — 14
skoBTHS 2010 p.

O.L. Zarubin, V.A. Kostiuk, A.A. Zalisskyy
Peculiarities of '¥'Cs accumulation by fish Rutilus
rutilus (L.), Abramis brama (L.), Blicca bjoerkna (L.)
III International conference “Modern problems of
genetics, radiobiology, radioecology, and evolution

HIOPIYHUK - 2010

dedicated to the 110th anniversary of the birth of
N.W.Timofeeff-Ressovsky” , Anymra, 9 — 14
xoBTH: 2010 p.

H.E. 3apyOuna

Ce30HHas aMHammka '*'Cs B nouse Ha TeppUTOpUM
nonuroHos 30-km 30HbI YAIC U «HOXHOro crneaa»»
VI cbe3n no paanalMoHHBIM HCCIEIOBAHUIM (pa-
JIUOOUOTIOTHS, PAIMO3KOJIOTHSI, paualliOHHAsL

6e3omacHocTh), MockBa, Poccust, 25 — 28 okTs0ps
2010 .

0O.J1. 3apyoun

O ce30HHOU AMHAMMKe coaepxaHus *'Cs B nnotee
KaHesckoro soaoxpaHunuuwa (2006 - 2009 rr.)
VI cbe3n no paaAnaMoHHBIM HCCIEIOBaHUIM (pa-
JIUOOUOTIOTHS, PAIMO3IKOJIOTHSI, PaualliOHHASL

Oe3omacHOCTh), MockBa, Poccwmst, 25 — 28 okTsa0ps
2010 .
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KoHpepeHUii, Hapaau, nposeaeHi iHcTutyTomM y 2010 p.

LLlopiuHa Haykosa koHpepeHuia IS0 HAH YkpaiHu, 26-29 ciuHa 2010 p.

3 MeTOI0 MAOHUTTS MiACYMKIB HAYKOBOI MisITLHO-
cTi iHCTHTYTY 3a pik y S]] HAH VYkpainn nposo-
nateest Lllopiuri HaykoBi koHbepenmii. Ueprora
koH(pepeHttis BigOymacsas 26-29 cigas 2010 p. Ha
koH(pepeHIii Oyiu mpeacTaBiaeHi OCHOBHI HAIPSIMKH
po0oTH IHCTHUTYTY, a came:

1. SlnepHa ¢izuka.

2. ATOMHa eHepreTHka.

3. Pamianiiina ¢i3uka Ta paniamiiiHe MaTepiaio-
3HABCTBO.

4. ®di3uka mIa3sMu.

5. Pagioekouoris Ta pagiobiomoris.

VY koH(epeHmii B3sIM TaKoX ydacTh (axiBii 3
IHIIMX HAYKOBUX yCTaHOB Y KpaiHU.

Bynu mpoBeneHi muiieHapHi 3acimaHHS 3 OTIISAIO-
BuMH jgonoBinsaMu (30 XB.), Ta CeKIiiiHI mapalenbHi
3acilaHHs 3 OpHUTiHAILHUMH ToBimomieHHsAME (10—
15 xB.). KpiM Toro, 4acTuHy HayKoBHX POOIT Oyi0o
MPEJICTABIICHO HA CTEHJIOBIH CEKIIii.

JonoBini Ha NJIeHApHUX 3aciTaHHAX:
®.0. IBantok. bap’epu nmoxiny Baxkkux saep

S1.1. Konecanuenko. KanamroBanss eHeprii i iM-
MyJIECY B TUIa3Mi IpH 30y KEHHI HeCTiliKoCTel eHe-
priffHIMHU i0OHaMU

M.I. Crapuuk. EdexT nanekosii B KOHICHCOBa-
HUX CEPEIOBUINAX Ta HOTO MPOSB B KPEMHIi MpH
IMIUTaHTAIIiT siIep BOAHIO Ta TEJiI0

B.M. bykanoB. /lo3umeTpist 3pa3kiB-CBiKiB Ta
kopmycy peakropa BBEP-1000 sk ckimamoBa qacTu-
Ha TIPOTpaMHU YIIPaBIiHHSI HOTO TEPMIHOM CITyKOH

A .M. Bepmizo. Oco0iuBOCTI XiMIYHOTO 1 pajio-
aKTHBHOTO 3a0pyIHEeHHs MOBiTps y KuiBcbkomy
arjomepari

[MoBHy iH(OpMaIiro MPO KOH(MEPEHII0 PO3Mi-
meHo Ha BeO-cropiHmi http:/www.kinr.kiev.ua/
Annual_Conferences/KINR2010/

3-a MixHapoaHa KOH@epeHUia «AKTyasibHi Npobnemu anepHOi isuku
Ta QTOMHOI eHepreTuku», 7 - 12 uepsHa 2010 p.

3 7 no 12 gepsusa 2010 poky B M. Kuesi BigbOyma-
cs1 MixkHapoHa KoH(epeHIis «AKTyalnbHI mpoobie-
MH sgepHOl (I3MKM Ta aTOMHOI CHEPTEeTHKH»
(NPAE-Kyiv2010). Opranizatopu KoH(pepeHIii —
HamionanpHa akagemis Hayk Ykpainu, IHCTHTYT
SIIEPHUX JOCHipkeHb HarionanpHOT Akanemii Hayk
VYxkpainn, KwuiBcekwit HarioHanpHHI yHiBepcHTET
imeHi Tapaca llleBuenka. OpraHizamiiiHUN Ta MPO-
rpaMHUIl KOMITETH OYONIOBAaB IUpEKTop [HCTHTYyTY
snepaux pocmimkenb HAH VYkpainum, axameMmik
HAH Vkpaiau [.M. BunineBcbkui.

Kondepenis Oyna npucesdeHa MIMPOKOMY KOy
MUTaHb, MTOB’S3aHKUX 3 MPOOIEMaMHU, ITEPCIIEKTUBAMU
Ta HOBITHIMH JOCATHEHHSAMU B JOCIIKEHHI KOJIECK-
TUBHUX IPOLIECIB B aTOMHUX SJIpax, SACPHUX peak-
il P HU3BKHUX Ta BHCOKUX EHEPTisiX, CTPYKTypH
siIpa, PIIKICHUX SIIEPHUX TPOLECiB, HAYKOBUM JI0-
CSITHEHHSIM B Tajly3i HEHTPOHHOI Ta peakTopHOi ¢i-
3WKH, OTPUMAaHHI SJIEPHUX JAAHUX JJIs HAYKU 1 TEX-
HiKH, aTOMHOI €HEPreTHKH, PO3BUTKY €KCIEpUMEH-
TaJIBHUX YCTAaHOBOK Ta JIETCKTOPHOI TEXHIKH, a Ta-
KO 3aCTOCYBaHHIO SACpHO-(I3NIHUX TEXHOJOTIH B
NPOMHUCIIOBOCTI, MEUIIMHI Ta Pi3HUX Taly3siX Hay-
K1, TEXHIKH 1 IPOMHUCIOBOCTI.

Po3rnsimanucst HayKoBi 1 MPaKTU4HI THTaHHS BU-
KOPUCTaHHS aTOMHOI eHeprii, po3poOKHu 1 3acToCy-

BaHH SJIEPHUX AETEKTOPIB Ta BUKOPUCTAHHS SIep-
HO-(I3UYHUX YCTAaHOBOK Y HayKOBUX JOCIIIPKEHHSX.
KondepeHilis oTpuMana Mi>kKHApOJAHE BU3HAHHS 1
MpUBEpHYJIa YBary HayKoBIIB i (axiBIiB 3 OaraTbox
KpaiH cBity. B po0oTi xoH(depeHIil B3sUIH y4acTb
181 menerar, B Tomy umcii 32 ydacHuka 3 17 kpain
Janexoro 3apyOixoks (Amkupy, bemprii, €runry
Kanagu, ®imnaupii, Ppannii, Himewyunnw, Iumii,
Itanii, [lomemi, Pymynii, Cayniscpkoi Apagii, LlIBe-
uii, CIIA, Smonii) ta 39 ywachukiB 3 binopycii,
Kazaxcrany, Pocii, Y36ekucrany. YkpaiHy Ha KOH-
depenrii npencrasasum 109 mpoBiMHUX BYCHHUX 3
incturyTiB HAH VYkpainu, 3aknaniB BUIIOI OCBITH
Ta HayKOBO-TEXHIYHHMX ycraHoB Kwuesa, Opecw,
Yopuobuns, Cym, Yxropoaa ta XapkoBa.

Ha 5 mnenapuux 3aciganasx koHbepeHIlii O0yio
Burosomeno 20 A0MoBineH, BIPOIOBXK 5 AHIB Tpa-
ITIOBAJIO 3 TapayieNbHi CEKIlii, Ha sSIKuX O0yJo 3pobiie-
HO 134 ycumx nomoimeit. IlparroBamo 2 cTeHIOBI
CeKIIii, Ha AKX OyJI0 TPEIACTaBICHO 35 HAyKOBUX
HIOBiJOMJICHb.

[ToBuy iH(oOpMariito po KOHGEPEHINIO pPO3Mi-
meHo Ha BeO-cTopinmi www.kinr.kiev.ua/NPAE-
Kyiv2010/index.html
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KOH®EPEHIIII, HAPAJIU

JlonoBini Ha MuIeHapHUX 3acifaHHAX

Peter Ring. Covariant density functionals with
spectroscopic properties in nuclear physics

Victor Karnaukhov. Hot nuclei and phase transi-
tions

A.S. Bakai. R&D of structural materials for the
nuclear reactors of the next generation in NSC KIPT

Barbara Camanzi. Toward a multi-modality app-
roach to radiotherapy for cancer treatment in UK

Sergey Radionov. Non-markovian nuclear dyna-
mics

Johann Heuser. The compressed baryonic matter
experiment at FAIR

Giovanni Pollarolo. Transfer processes in heavy
ion reactions

Alexander Pasternak. Dsam lifetime measure-
ments in dipole bands of near magic nuclei

Laszlo Jenkovszky. Collective properties of the
nuclear matter at extreme conditions

Imre Pazsit. Application of noise analysis in
nuclear safeguards and in the diagnostics of current
and future reactor systems

Andrey Fomichev. Long range plan with radioac-
tive beams at Dubna

Georgios Lalazissis. Phenomenological density
functionals: Application to nuclear structure and
nuclear astrophysics

Maria Pellegriti. Radioactive beam facilities at
Laboratori Nazionali del Sud

Akira Iwamoto. Interplay between compound and
fragments aspects of nuclear fission and heavy-ion
fusion

Rita Bernabei. Signals from the dark universe

Alexander Barabash. 75 Years of double beta
decay: yesterday, today, and tomorrow

Shalom Shlomo. Freeze-out properties of hot
nuclear matter created in heavy-ion collision

Benoit Viaud. Charm physics: State of the art and
prospects

Jouni Suhonen. Interplay of particle, nuclear and
atomic physics in rare weak decays

Matthias Brack. Vilen Mitrofanovich Strutinsky's
impact on nuclear and many particle physics

JonoBiai cniBpo0iTHUKIB iHCTUTYTY
Ha CeKUiHHUX 3aciTaHHAX

V.1. Abrosimov, D.M. Brink, A. Dellafiore,
F. Matera. Restoring broken symmetries in semi-
classical pairing theory

HIOPTYHUK 2010

V.A. Plyjko, O.M. Gorbachenko, R.Capote, V.M.
Bondar. Collective state effect on nuclear level den-
sity

F. A. Ivanyuk, K. Pomorski. The fission barriers
of heavy nuclei

S.V. Radionov. Non-Markovian nuclear dyna-
mics

V.M. Kolomietz, S.V. Radionov. Stochastic
penetration through oscillating barrier

0.0. Belyuskina, V.I. Grantsev, V.V. Davydovs-
kyy, K.K. Kisurin, S.E. Omelchuk, G.P. Palkin,
Yu.S. Roznyuk, B.A. Rudenko, V.S. Semenov,

L.I. Slusarenko, B.G. Struzhko, |V .K. Tartakovsky.|
Two-particle break-up of tritons by incident deute-
ron with energy of 37 MeV

B. Erdemchimeg, T.I. Mikhailova, A.G. Artyukh,
Yu.M. Sereda, M. Colonna, M.Di Toro, H.H. Wol-
ter. Fragment production in Fermi energy peripheral
collisions

Yu.E. Kozyr. Resonating group calculation of
scattering *He(d,d)’He at E=1—9 MeV

V.S. Olkhovsky, M.V. Romanyuk. Low-energy
three-dimensional particle tunneling and scattering
by the Woods-Saxon potential with the screened
Coulomb barrier

V.S. Olkhovsky, M.E. Dolinska, S.A.Omelchen-
ko. Theoretical study of high and low energy nuclear
reactions

A.G. Artukh, N.L. Doroshko, V.V. Ostashko,
Yu.N. Pavlenko, I.A. Tyras, V.L. Shablov. Non-
isolated decay of exotic light nuclei resonances

V.Yu. Denisov and N.A. Pilipenko. Fusion of de-
formed nuclei: '*C + '°C and ®*Ca + ***Pu

V.M. Kyryanchuk, O.A. Ponkratenko, A.T. Rud-
chik, V.V. Uleshchenko. Energy and isotopic depen-
dences of '*'*0+'>!*!*C elastic scattering

Yu.N. Pavlenko, K.O. Terenetsky, V.P. Ver-
bitsky, O.1. Rundel, [.P. Dryapachenko, E.M. Mozh-
zhukhin, V.M. Dobrikov, Yu.Ya. Karlyshev,

O.K. Gorpinich, T.O. Korzyna. Deuterons interac-
tion with nuclei ***Pb at sub-barrier energies

LN. Vishnevsky, V.A. Zheltonozhsky, A. N. Sav-
rasov. '**®Ta excitation by positron annihilation

A.T. Rudchik’ Yu.O. Shyrma, E.I. Koshchy,

S. Kliczewski, B.G. Novatski, O.A. Ponkratenko,

E. Piasecki, G.P. Romanyshyna’ K. Rusek,

Yu.M. Stepanenko’ I. Strojek, S.B. Sakuta, A. Bud-
zanowski, L. Glowacka, 1. Skwirczynska, R. Siudak,
J. Choinski, A. Szczurek. Elastic and inelastic scat-
tering of *C + 0 versus '*°C + '°0 and *C + "*O

A.T. Rudchik, Yu.M. Stepanenko, A.A. Rudchik,
0O.A. Ponkratenko, E.I. Koshchy, S. Kliczewski,

K. Rusek, A. Budzanowski, S.Yu. Mezhevych,
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I. Skwirczynska, R. Siudak, B. Czech, A. Szczurek,
J. Choinski, L. Glowacka. "Li(**0, '"N)*Be reaction
mechanism and ''N + ®be potential

A.T. Rudchik, Yu.M. Stepanenko, A.A. Rudchik,
O.A. Ponkratenko, E.I. Koshchy, S. Kliczewski,
K. Rusek, A. Budzanowski, S.Yu. Mezhevych,
I. Skwirczynska, R. Siudak, B. Czech, A. Szczurek,
J. Choinski, L. Glowacka. '°N + °Be optical potential
from "Li("*0, '®N)’Be reaction analyses

Yu.P.Gangrsky, V.I.Zhemenik, J.R.Drnoyan,
G.V.Mishinsky. Isoscaling break-up in the Xe iso-
tope yields from the light actinides photofission as
N=_88 shell manifestation

S.V. Belchikov, S.P. Maydanyuk. New method
for determination of widths of alpha- and proton
decays

A.Ya. Dzyublik. Triggering of isomers by x-ray
laser

S.N. Fedotkin. Positron -atomic shell electron
annihilation at B -decay

V.Yu. Denisov, A.A. Khudenko. Empirical rela-
tions for alpha-decay half-lives

V.Yu. Denisov, A.A. Khudenko. The alpha-
transitions into excited states of the daughter nucleus

A.A. Kurtevaand V.E. Mitroshin structure of ex-
cited states of '"’Ag

A.G. Magner semiclassical shell structure and
nuclear double-humped fission barriers to the mem-
ory of v.m. strutinsky

S.P. Maydanyuk, V.S. Olkhovsky, G. Mandaglio,
M. Manganaro, G. Fazio and G. Giardina.
Bremsstrahlung accompanying emission of diproton
from nucleus

S.P. Maydanyuk, V.S. Olkhovsky. Tunneling of
packet through dissipative barriers

S.P. Maydanyuk. A fully quantum solution of
Gamow’s problem of quantum decay

N.F. Mitrokhovich. Energy and correlation pro-
perties of electrons “shake-off”at B-decay and inter-
nal conversion

V.M. Kolomietz, A.L. Sanzhur. Shell oscillations
in isotopic symmetry energy

V.V. Kobychev (on behalf of the BOREXINO
collaboration). Detection of geo-neutrinos by
BOREXINO

P. Belli, R. Bernabei, R.S. Boiko, V.B. Brudanin,
F. Cappella, R. Cerulli, D.M. Chernyak, F.A. Dane-
vich, S. d'Angelo, A.E. Dossovitskiy, E.N. Gala-
shov, S.V. Ildyakov, A. Incicchitti, V.V. Kobychev,
S.S. Nagorny, F. Nozzoli, B.N. Kropivyansky,
V.M. Kudovbenko, A.L. Mikhlin, A.S. Nikolaiko,
D.V. Poda, R.B. Podviyanuk, O.G. Polischuk,
D. Prosperi, V.N. Shlegel, Yu.G. Stenin, J. Suhonen,

V.I Tretyak, Ya.V. Vasiliev. First results of an ex-
periment to search for 2f decay of '°°Cd with the
help of 10%cdwo, crystal scintillators

P. Belli, R. Bernabei, F. Cappella, R. Cerulli,
F.A. Danevich, S. d’Angelo, A. Incicchitti, M. Lau-
benstein, O.G. Polischuk, D. Prosperi, V.I. Tretyak.
Search for double B decays of *Ru and '**Ru by
ultra-low background HP Ge y spectrometry

P. Belli, R. Bernabei, R. Cerulli, F.A. Danevich,
A. d’Angelo, A. Incicchitti, V.V. Kobycheyv,
M. Laubenstein, S. Nisi, O.G. Polischuk, D. Prosperi
and V.I. Tretyak. Search for "Li solar axions

O. Gritzay, V. Kolotyi, N. Klimova, O. Kal-
chenko, V. Libman. Reactor neutron filtered beams
for precision neutron cross section measurements

O. Gritzay, V. Kolotyi, N. Klimova, O. Kal-
chenko, M. Gnidak, A. Grymalo, V. Schachov. Neu-
tron total cross section measurements for natural
Hafnium at reactor neutron filtered beam

V.0. Babenko, V.1. Gulik, V.M. Pavlovych. The
new research subcritical reactor driven by a high-
intensity neutron generator for transmutation of the
nuclear waste

V.N. Bukanov, O.V. Grytsenko, V.L. Dyemo-
khin, E.G Vasylyeva, V.V. Ilkovich. Additional
surveillance program for operation support of the
WWER-1000 reactor pressure vessel during the
overdesign period

V.M. Pavlovich, V.M. Khotyayintsev, O.M. Kho-
tyayintseva. Nuclear burning wave reactor: wave
parameter control

.M. Vyshnevskyi, L.I. Chyrko, V.M. Revka,
S.M. Kovbasenko, Yu.S. Gulchuk, Yu.V. Chaikov-
skyi, V.D. Otsalyuk, R.V. Frankov, O.V. Petrenko.
Application of WWER reactor vessel metal surveil-

lance specimens reconstitution technique at KINR
NASU

V.V. Ryazanov. Distribution of the neutron life-
time in a nuclear reactor

V.V. Ryazanov, S.G. Shpyrko. Hierarchical sto-
chastic model of radiation defects and lifetimes of
reactor materials

A.G. Zelinskyy, T.V. Kovalinska, V.I. Sakhno,
N.V. Khalova, O.M. Faynleyb, Yu.R. Kolesnyck.
Radiation technologies of corrosion resistant con-
crete for NPPs

P.M. Vorona, V.F. Razbudey. Calculational in-
vestigations for optimization of radionuclides pro-
duction technology in the research reactor WWR-M

I.M.Vyshnevskyy, V.I.Sakhno nuclear and radia-
tion technologies developments in kinr of NAS of
Ukraine
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A.G.Zelinskyy, T.V. Kovalinska, V.I.Sakhno,
N.V. Khalova problems of technical base of KINR
radiation technologies development

A.V. Chaus, V.M. Pugatch, O.S. Kovalchuk,
D.I. Storozhik, M. Campbell, L. Tlustos, D. Ma-
neuski, V. O’Shea, V. Storizhko, V. Eremenko,

S. Homenko, A. Shelekhov. lon beam imaging with
timepix

A.Ya. Dzyublik, A.V. Chaus. Yield of electrons
from metal strip-detectors, irradiated by ions

F. A.Danevich D. M.Chernyak A. M.Dubovik,
B. V.Grinyov, S. Henry, H. Kraus, V. M.Kudovben-
ko V. B.Mikhailik, L. L.Nagornaya, R. B.Podviya-
nuk O. G.Polischuk I. A.Tupitsyna, Yu. Ya.Vostret-
sov. MgWOQ, — a new crystal scintillator for rare
events searches

P. Belli, R. Bernabei, R.S. Boiko, V.B. Brudanin,
N. Bukilic, R. Cerulli, D.M. Chernyak, F.A. Dane-
vich, S. d’Angelo, V.Ya. Degoda, A.E. Dosso-
vitskiy, E.N. Galashov, Yu.A. Hyzhnyi, S.V. Ildya-
kov, A. Incicchitti, V.V. Kobychev, O.S. Kolesnyk,
G.P. Kovtun, V.M. Kudovbenko, J.R. de Laeter,
A.L. Mikhlin, S.S. Nagorny, S.G. Nedilko, A.S. Ni-
kolaiko, S. Nisi, D.V. Poda, R.B. Podviyanuk,
O.G. Polischuk, D. Prosperi, A.P. Shcherban,
V.P. Shcherbatskyi, V.N. Shlegel, D.A. Solopikhin,
Yu.G. Stenin, V.I. Tretyak, Ya.V. Vasiliev, V.D. Vi-

rich. Development of enriched '°°CdWO, crystal
scintillators to search for double B decay processes
in '°Cd

F. A.Danevich, B. V.Grinyov, H. Kraus, N. Kru-
tyak, V. M.Kudovbenko, V. B.Mikhailik L. L.Nago-
rnaya, A. S.Nikolaiko, O. G.Polischuk, A.N.Shekho-
vtsov, V. L.Tretyak, Yu. Ya.Vostretsov. Study of
PbWO, and PbMoOy scintillators to search for 2[3
decay and dark matter

R.S. Boiko, D.M. Chernyak, J.H. Choi, F.A. Da-
nevich, S.K. Kim, H.J. Kim, Y.D. Kim, V.V. Koby-
chev, V.M. Kudovbenko, J.I. Lee, S.S. Nagomy,
A.S. Nikolaiko, D.V. Poda, R.B. Podviyanuk,
0.G. Polischuk, J.H. So, .M. Solsky, V.I. Tretyak.
Development of CaMoQ; scintillation detector to
search for neutrinoless double B decay of '"’Mo

M.S. Borysova, Yu. Karpenko, Yu.M. Sinyukov.
Fluctuations in initial energy density distributions

A.P. Kobushkin, Ya.D. Krivenko-Emetov. The
elastic electron-deuteron scattering beyond one-
photon exchange

Yu.M. Malyuta, T.V. Obikhod. Stringy approach
to the minimal supersymmetric standard model

VIII YkpaiHcbka KOHgpepeHLia 3 06niky Ta KOHTpOno aaepHOro martepiany,
13-17 sepecHsa 2010 p.

VIII mopiuHa ykpaiHcbka KOH(pEpeHLis 3 00Ky
Ta KOHTPOJIIO SAEPHOro Marepiany mpoxonuna 3 13
no 17 Bepecus 2010 p. B CeBacTononsCbKOMy Halli-
OHaJIbHOMY YHIBEPCUTETI siJepHOi eHeprii Ta Impo-
mucnoBocti  (CeBacromons). Kondepenuis Oyna
OpraHizoBaHa Ta NIpOBeJeHa YUYOOBHUM LIEHTPOM 3
¢i3u4HOrO 3axMCTy OO0JiKYy Ta KOHTPOJIO SIEPHUX
MmartepiaiiB IHCTHTYTY simepHux pochimkens HAH
VYxpainu crinbHo 3 Minenepro CIHA Ta O0’enna-
HUM JOCTITHUOBKUM LeHTpoM E€Bpomeiicbkoi Ko-
micii. [Iporpama xoH¢epeHLii oxormIroBaia BCi ak-
TyaJbHi s YKpalHU HalmpsMKH B Tairy3i oOJiKy Ta
KOHTPOJIIO SIEPHOTO MaTepialy. YuacTb y KoHe-
peHIIii Jajia MOXKIIMBICTh CHeIiallicTaM 3 O0JIIKYy Ta
KOHTPOJIIO siAepHOTO Matepiany ykpaiHcbkux AEC,
JOCHiTHULBKAX 1HCTUTYTIB, Jep>KaBHUX OpraHiB Ta
IHIIIMX OpraHi3ailii, OOMIHATHUCS TOCBIIOM, OOTOBO-
PUTH aKTyalbHI IUTaHHSA, IKi TypOyIOTh yCIX Yydac-
HUKIB KoH]epeHuii. [Hhopmariro mpo KoHpepeHIito
PO3MILIIEHO Ha BeO-CTOPIHII
http://www.mpca.kiev.ua/confer.htm

IITOPIYHUK 2010

VYyacuukamu koHbpepeHuii Oynu 36 ykpaiHCBKUX
¢axiBuiB i 12 daxiBuiB 3 €Bpocorozy, CHIA Ta
CHJA. Ha xondepenuii Oyno 3aciayxano 31 momo-
BiJb, a caMe:

B. Psa611eB. MeponpusTus 1o BBITOJHEHHUIO pe-
meHnd BalmmmHITOHCKOTO caMMuTa 10 SIAEPHOU
0e30macHOCTH

C.JlonatuH. ['0TOBHOCTH YKpawHbI K IpUMEHe-
HUIO UHTETPUPOBAHHBIX TapaHTHI

N.A. Pribak. YdacTue BOGHHBIX CHJI U CPEJICTB
BHYTPEHHHX BOMCK B cUCTEME (DU3NIECKOM 3aIHUThI
IIPU YPE3BBIYAHHBIX OOCTOSTEIBCTBAX

n.A. depmok, C.M. bopumikesuu. BnpoBamken-
HS KyJIbTypu 3axuineHocTi Ha BIT «PiBHeHChKa
AEC» 3 BUKOPHCTaHHSM JIOCBiy TIO BIPOBaJKEH-
HIO Ha HiANPUEMCTBI KyJIbTypH Oe3MeKu

0.0. ®a3nmu. “HoBi” BUMOTHM HOPMAaTHBHO-TIPa-
BOBUX aKTiB y cpepi HEpO3MOBCIOKEHHS AePHOL
36poi

B. Kymuanu. Kynerypa ¢pusndeckoit ssaepHOn
0e3omacHOCTH
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b.I'. Pa3anoB. OnbIT, BO3MOKHOCTH U MPOTPAM-
MbI 00yuenuss YMIIYK

M. Davainis. Changes in safeguards implementa-
tion in Lithuania after joining INFCIRC/193

C. Jarnry. Advanced systems for safeguards in-
formation treatment in Ukraine

K.P. IllepOuanH. Bo3MOXHOCTH U IEPCIIEKTHBEI
OLICHKH U ONTHMHU3ALUH CUCTEM (PU3NIECKO 3au-
THI AaTOMHBIX 3JICKTPOCTAaHLIUH € UCTIOIB30BaAHUEM
pe3yIbTAaTOB aHAJIM3a SAEPHOM Oe30MacHOCTH

E.W. Karynun, JI.M. Canuii. Y4er, KOHTpOJb U
¢du3nuecKas 3anmTa sIePHBIX MAaTePHAaIoB Ha 00b-
eKTe «YKpPBITUEY

B.A. Po3ym. [IpuMmeHeHnEe COBPEMEHHBIX TEXHU-
YECKUX CPEICTB B 00eCIIedeHIHN PU3NIECKOM 3aru-
THI

B.M. Jlanna. Pa3zpaboTka MpoeKTHOM JOKYMEH-
TalMK CUCTeM (PU3NUECKON 3aIIUTHI SIIEPHBIX yCTa-
HOBOK U SIZIEPHBIX MAaTEPHAJIOB

E.B. Apcenuna «Iloaxobl K 00€CIIEUCHUIO
KyJbTYpPBI ydeTa U KOHTPOJIS SJIEPHBIX MaTepHaJIOB
Ha ADC»

C.B. Kopnees. Cucrema u3aMepeHuit siAepHBIX
MatepuanoB B 'HY «O0beqrHEHHBI HHCTATYT
SHEPreTUYEeCKUX U SIEPHBIX nuccienoBanuii — Co-
cub» HAH Benapycu. Tekyiiiee cOCTOSHHE U MEPHI
10 YCOBEPILIECHCTBOBAHHUIO.

I'.B. Bacunesunu. Opranuzanust NpoeKTHPOBAHUS
U peanu3anus npoekra « MoaepHHU3aus CUCTEMBI
(msuueckoii 3amuTe» B THY «O0beuHEeHHBIH
WHCTHUTYT SHEPTETHUECKUX U SAEPHBIX HCCIEI0BA-
Huil — Cocue» HAH benapycu

S. Samochernykh. Canberra equipment for nm
measurements - advanced solutions for solving real
world security needs

C. Monaxos. Yuet TBC npu nepeBo3ske siaepHO-
ro TomnuBa ¢ 1 610ka Ha 2-i 6ok MrHanmHckoi
ADC st moKuUTaHUS

D. Sharikov, A. Berlizov, H. Eberle, H. Ottmar,
J. Galy, K. Luetzenkirchen. Monte-carlo modelling
for the enhanced xrf assay of actinide solutions with
the hybrid k-edge/k-xrf densitometry technique

JI. AnapprueBa. Ilcuxogpusnonornaeckue mpoo-
JIeMbI B 00ecIieueHIH KyJIbTYpbl 0€30MaCHOCTH Ha
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paanannuOHHO-AACPHBIX 00BEKTax TOIUIMBHO-DHEP-
T€THYCCKOro KOMILJIICKCa

A.N. Berlizov, P. van Belle, E. Zuleger, H. Ott-
mar. Re-evaluation of spectroscopic characteristics
for the 159 keV y-line in ***Pu o-decay

J. UepkammH. OBIT MEKTYHAPOIHBIX KypCOB
s cryaentoB MAD cnenuanuzanuu O3 Y, SAM,
PAO u apyrux NN

1O. Penex. OcHOBHBIE HalpaBIEHUS COBEPIIIECH-
CTBOBAHHS MOJICHCTEM BUACOHAOIIOACHUS, TpUMe-
HSIEMBIX B cUCTeMaX (PU3UUECKON 3aIUTHI

1O.I1. ConTtc BipoBakeHHS OKpEMUX €JIeMEH-
TiB KyJbTypH 3axuiieHocTi Ha BII “PiBHeHChKa
AEC”

@.B. benkun, B.A. Muxaiinos, J{.B. KyTuuii.
[IpumeHeHue cTaTUCTUYECKUX METOAOB B CUCTEME
y4deTa U KOHTPOJIS SIICPHOI0 MaTepuaa

E.A. llIpignoBckuii. UTHCTpyMEHTaNIbHBIN KOH-
TpoJib ri1yOuHs! Beiropanust OTBC

B.I'. Anukanos. “PexxuM siiepHOTO HEPACIIPO-
CTpaHEHMsI: COBPEMEHHBIE YTPO3bI U MEXKTyHApO/I-
Has npakTuka odecneueHus rapantuit MAI'ATO u
¢duznueckon 3amuTH”

E.}O. Korny. ®u3udeckas 3amira ypaHOBBIX
00BEKTOB, BEIBEICHHBIX M3 3KCILIyaTaIllH (XBOCTO-
XpaHWINIIA)

. IIpockypun. OtnieHka motpedHOCTEN B 00yUe-
HUM YKPAaUHCKHX CIEIMAIHCTOB 10 (PU3HYECKOI
3aIIWTe, yYETy U KOHTPOIIO SAEPHBIX MATEPUAIIOB

A. C. T'aBpunios, T.E.Ky3nenosa. O mepax 3amu-
ThI CE€TeH nepesadn JaHHBIX.

A.A. Unpuackuit. JlocTyn QU3NYIECKUX AL JJIS
BBITIOJTHEHUST OCOOBIX PabOT HA SIIEPHBIX YCTAHOB-
Kax C AAepHBIMH MaTepHalaMH, paAHOaKTUBHBIMU
OTXO0JIaMH, JPYTUMH UCTOYHUKAMH MOHN3HUPYIOIIEr 0
W3TyYCHHS.

E.A. Tukos. O1ieHKa CONPOTUBIIAEMOCTH pac-
MIPOCTPaHEHUIO TI0 KPUTEPHSIM YCTOWIHBOTO Pa3BH-
tus (Metomonorus INPRO)

H.B.Crpunpuyk, JI.U.beprnanuna, B.M.Kopoten-
ko, C.B.Henepsi. MoHUTOp 1151 U3MEPEHUS COAEP-
JKaHHs 00JYYSHHOTO TOIUIMBA B TPYHTE POMILIO-
maaku YADC

IHCTUTYT SAEPHUX JOCJIXEHb HAH YKPATHU



MIXHAPOOHE HAYKOBE TA HAYKOBO-TEXHIYHE CTTIBPOBITHWLITBO

[Iporsrom 2010 p. IHCTHTYT MIPOJOBKYBAB TIPsME
CHiBpOOITHUNTBO 3 15 3apyOiKHUMH HAYKOBHUMH
SIICPHUMH IIGHTpaMH Ta ycTaHOBaMH, a came: Hari-
OHAIBHUM 1HCTHTYTOM sAnepHOi ¢izuku (Itamis),
HamionansHoro madopatopieto I'pan Cacco (Itamis),
VuiBepcurerom ®nopenuii (Itamnis), YHiBepcuTeTom
Minany (Itamist), YuiBepcutetrom Ilamyi (Itamis),
Incturyrom spepHoi ¢isuku im. I'. HeBomuivan-
cekoro (Kpaxis, Ilompma), InctuTyTOM smepHHX
nocmimkens (Bapmasa, [Tonsma), DESY (I'amOypr,
HimMeuunna) B pamkax MIiXKHaApOZHOTO TPOEKTY
HERA-B, TexniyanMm VYHiBepcuTeroM MIoHXEHa
(Himeuumnna), CERN (*Kenera, IlIBeiinapist) 3rigHo
3 MixkHapoaHotw konaboparieto LHCb, GSI (lapm-
mranr, Himeuuwna), HamioHanmbHmM YHIBepcuTe-
tom Ceyna (IliBgenna Kopes) Ta MinicTepcTBoM
enepretuxu CIIIA.

Bimmin Teopii siapa B 2010 p. mponoBxyBaB 1wti-
JIHy CITIBTIPAIIO i3 KUTbKOMa 3apyODKHUMU HayKoO-
BUMH LIEHTPaMH, a came:

HHKITOTpOHHUM 1HCTUTYTOM TexachbKoro yHiBep-
cutery (Komemx-Creitmen, Texac, CILLIA), mpod.
1. oMo (B. M. Kosnomiens);

HamioHanbHuM iHCTUTYTOM siiepHOl  (i3uKH,
(@mopenmis,  Itamis), mnpod. A. Hemnadiopi
(B. 1. ABpocimoB);

IHcTuTyTOM simepHux npodnem (Bapmaga, [Toms-
ma), mpod. . bromnekwii (O. I'. Maruep);

VYuisepcurerom iMm. Jlyi Ilactepa (CtpacOypr,
Opanin), npod. 5. baprens, OMCbKUM JIep:KaBHUM
yHiBepcureToM (OMcbk, Pocis), mpod. I'. I. Kocenko
(®. O. IBanIOK).

VY pamkax cniBpoOiTHUITBa 3 HamioHanbHUM iH-
cTutyToM siiepHoi Qizuku (Dnopentis, [Tamis) no-
CJIIJPKEHO HaMiBKJIACHYHE HAONMKEHHS 10 3aJIeKHOI
BiJ yacy Teopii Xaptpi — ®oka — boromobosa. [lo-
Ka3aHo, 110 HaMiBKJIACHYHI PIBHSIHHS PyXy CYMICHI 3
BUMoramu npuHnumy Ilaymi.

VY pamkax criBpoOiTHHITBA 3 OMCBHKHM JIepKaB-
HUM YHIBEPCHUTETOM JOCTIUKEHO IpoLec Haliu-
JKEHHSI sIep JUIS TBOX THITB peakuid — 3 medopmo-
BaHWMH Ta CHEPHIYHUMH B OCHOBHOMY CTaHi spa-
Mmu. [TokazaHo, 0 0OONOHKOBA CTPYKTypa B3aEMO-
IiIouuX sifep BIUIMBA€E HE TUIBKU HA MPOLEC 37IUTTS B
nitoMy (Ha BHCOTY Oap’epa 3TUTTSI, 3aJEKHICTH
HMOBIPHOCTI 3JIUTTS BiJi MOYATKOBOI €HEPTii peak-
wii), aje i Ha MPOLIECH, IO IPOXOIATh Y KOKHOMY 3
snep (Ha dopMy simep Ta iX €Hepriro 30yIDKEHHS B
MOMEHT JIOTHKY ).

EdextnBHa MikKHapoaHA AiSTIBHICTH TPOBOAMTH-
cs 1y Bigmini ¢i3uku JenToHIB. Y MOTOYHOMY POIl
CHIBPOOITHUKY BiUTy MPOIOBKYBAIA HAYKOBI JIO-

IIIOPIYHUK - 2010

CI/DKEHHS B paMKax TaKMX MiXHapOIHUX Koiabo-
partiii:

SuperNEMO (http://nemo.in2p3.fr/collaboration/
O®pannis, Bemukoopuranis, CHIA, Pocis, Icnanis,
SAnonis, Yexisa, Oianmsauamis, Ykpaina, [lTompma, Crio-
BayunHa). MeTor0 MPOEKTY € MiATOTOBKA Yy TIMBOIO
eKCHEPUMEHTY UIA TOIIYKYy O€3HEHTPHHHOIO IIo-
IBilfHOTO OeTa-po3maay sapa ceneH-82 3 4yTiHBic-
TIO, IO BiATOBiae iHBEPTOBAaHIM CXeMi MacOBHX
CTaHIB HEHTpUHO. EKcrepuMeHT miaHyeTbecs 31iii-
CHUTH y MiJ[3eMHiH adoparopii Monan (®PpaHitis);

EURECA (http://www.eureca.ox.ac.uk/, Bemn-
koOpuTanisi, Himeuunna, ®panis, [Iseiiapis, Po-
cis, Ykpaina, Icnanis). Metoro konabopariii € mo-
LIyK TeMHOI MaTepil 3a IOMOMOTOI HHU3bKOTEMIIE-
patypHUX OOJOMETpPIB 3arajbHOI0 Macolo OJIU3BKO
1 T Ha piBHI YyTIAMBOCTI IO YaCTMHOK TEMHOI MaTe-
pil Ha ABa-TPU HOPSIKM BUILIOMY 32 JOCATHYTY Y
HaHOUTBII Iy TIUBUX CYJaCHUX CKCIICPUMEHTAX;

BOREXINO (http://borex.Ings.infn.it/pbook/,
Borexino_Collaboration.php, Itamis, Himeuunna,
Opanmis, CHIA, Pocis, Yropmmaa, Ykpaina). Y
paMKax LbOTO CHiBPOOITHUIITBA MOOYJ0BAaHO IEp-
MK y CBITI JETEKTOp, 3AaTHHUI BUMIPIOBATH MOTIK
COHS'YHUX HEUTPUHO y peanbHoMy 4daci. OTpuMaHO
HHU3KY HOBHX BHU3HAUHHUX Pe3yJbTATIB: 3apeecTpoBa-
HO HEHTPUHO Bij po3maziB ‘Be Ha COHI, HEHTPHHO
3 Haap 3emii (TEOHEHTPUHO), yIeplle 3apeecTpoBa-
Hi OCITWIIAIIT aHTHHEHTPHUHO BiJ] BiIAaICHUX Ha OJIH-
3bKO TUCSIYY KITOMETPIB SIEPHUX PEaKTOPIB;

Amore (Pecmybmika Kopes, Pocig, Ykpaina).
Koma6opartito crBopero y 2009 p. 3 MEeTOIO MmiaAroTo-
BKH YYTJIIMBOTO €KCIIEPUMEHTY JUIsl MOIIYKY IMOJIBili-
HOro 6era-posmany aapa '"’Mo 3a I0MOMOrOK CIu-
HTWIAMIHHUX KpUCTaNiB MoniOaary kambilito. Cri-
POOITHUKHM BiAAUTYy 3aiiMalOTHCS PO3POOKOI0 HHU3b-
KO(OHOBOTO AETEKTOpPa 3 IIMMHU KpHCTaIaMH, po3pa-
XYHKaMH (DOHOBHX YMOB €KCIEPHUMEHTY, PO3POOKOIO
CIIMHTWIAIIIRHUX KPHUCTAJIB 13 30aradyeHoro i30ToIry
1000 o,

HaykoBui Biaginy mpooBXKyIOTh YCHIIIHO CIiB-
MPAIOBATH 3 KUTbKOMA BIITUICHHAMHU Ta J1abopaTo-
pissmu HamioHansHOTO IHCTUTYTY siiepHOi (i3uKH
(Itanmist). Pesynpratamu wmiei coinpani y 2010 p. €
CIOCTEPEKEHHS MOABIHHOrO OeTa-po3many siapa Ha
30yKeHHHA pPIiBEHb ITOYIPHBOTO SApa, PSIA HOBUX
0o0OMeXeHb Ha MPOLIECH MOJBIMHOrO OeTa-po3mamy
13oromiB Zn, Cd, Ce, W.

Takox TpoBOIMIACH CIIBIIpAIld i3 HAYKOBIISIMH
IncruryTy Heopraniynoi ximii iM. A. B. Hikonaepa
PAH (HoBocubipcek, Pocist), Pociiicbkoro ximiko-
TEXHOJIOTiuyHOTO YHiBepcutety iMm. . I. MenneneeBa
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(Mockga, Pocis), [HCTHTYTY TeopeTHdHOi Ta eKcIe-
puMmeHTanbHO1 ¢izuku (Mocksa, Pocist), O6’eqnaHo-
ro IHCTUTYTY snepHuX gochimkens (yOHa, Pocis).

Bigmin ¢i3ukum BHCOKMX €HEpriii MPOJOBKUB
CHIBIIPAIIIO B PaMKax:

Yroan mpo coiBpoOITHHLTBO MK HAayKOBUM
neatpom ®PH Deutsches Elektronen-Synchrotron
(DESY, I'am6ypr, Himeuunna) ta IS HAH VYxpai-
HU B Taly3ax (i3UKU eJIEMEHTapHUX YacTUHOK, Qi-
3UKH TPUCKOPIOBAYiB Ta BHUKOPUCTAHHS CHUHXPO-
TPOHHOT'O BUIIPOMIHIOBaHHS;

Yroau mpo cHiBpOOITHULTBO MK HayKOBUM
neatpom ®PH “ToBapucTBO 1O AOCHIKCHHSAX Ba-
xkux ioHiB 7 (GSI, Hapmmraar) ta IS4 HAH
Ykpainu) y rany3i ¢pi3uku eIeMEeHTapHUX YaCTUHOK
Ta eKCIIEPUMEHTAILHOI TEXHIKH;

MemopaHayMy TIpo CIiBPOOITHHITBO B OOy IOBI
LHCb-getexropa mixk 511 HAH Ykpaiau ta xoma-
oopamietro LHCb (LIEPH, JKenesa, IlIgeiinapis). ¥
2010 p. HA BeIWKOMY aapOHHOMY Konanaepi
(LIEPH) 3 myukamu npoToniB mpu eneprii 7 TeB B
exciepumenTi LHCb 3a momomororo cuctemu paji-
aniiiHoro Monitopunry (CPM), crBopenoi B IS/1
HAH VYkpainu, Oyno omiHeHO A03y, MOTJIMHYTY
KPEMHIEBUMH CEHCOpaMH BHYTPIIIHBOTO TpeKepa
excnepumenty LHCb. Bukonano kamiOpyBaHHS
CPM pnst BUMIpIOBaHHS CBITUMOCTI €KCHEPUMEHTY
LHCb y 2011 p.;

konabopanii ZEUS (DESY, I'amOypr, Himeuun-
Ha) BUKOHAHO aHalli3 JaHUX MO CTPYKTYpPHiH (QyHK-
uii mpoTtoHa npu 3iTkHeHHI o3uTpoHiB (30 I'eB) Ta
npoToHiB (920 ['eB), a Tako BH3HAYEHi MOMEpeyHi
nepepi3u reHepanii yapiBHUX Ta NpUBaOIMBHX Me-
30HIB. TeopeTHUHUI aHaNli3 JaHUX EKCICPUMEHTY
HERA-B mo renepartiii TMBHUX Ta 9apiBHUX YacCTH-
HOK y 3ITKHEHHSX IMPOTOHIB 3 sApamMH IpU EHeprii
920 I'eB nokazas, 1110 BIUJIUB SJIEPHOTO CEPENOBUIIA
Ha XapaKTepHUU KoeQillieHT B 00JacTi Biax €MHUX
3HaueHb 3MiHHOI PeilHMaHa CTAaHOBUTH KiIbKa BIJI-
coTkiB. Jlnsi ogHO3HAYyHOTrO BiAOOpPY TEOPETUUHHUX
MoJieneil HeoOXiAHO MOKPALUTH CTaTUCTHKY €KCIIe-
PUMEHTATBHUX JaHHUX 10 piBHA 1 - 2 %.

Y HOTOYHOMY POLi NPOJIOBKEHO CIIJIBHY POOOTY
A HAH VYxpaiau ta JlabopaTopii niHifiHOrO TipH-
ckoproBaua (Opce, @panrtis). byno mpomeMoHCcTpo-
BaHo mpumaTHicte LHCb-nerekropa s mocii-
IDKEHHsI posnaay Bg-me3o0Ha, Jeski MO SIKOTO MO-
JKJIMBI depe3 HOBWUU THN B3aeMmomii. BumipsHuil y
2010 p. momepeyHHH Tmepepi3 TeHepauii BasKKHUX
KBapK-aHTH-KBapKoBux b-map mpu E = 7 TeB cra-
HOBHUTH 75 MKO, BIANOBiTHO O nepeadadeHp CTaH-
JAPTHOT MOJIETT.

Bukonano croineHuMit excnepumeHT MI-1056
“Microstrip Metal Detectors” mo mociiKeHHIO Me-
TaJeBUX MIKPOCTPIIIOBUX NETEKTOPIB Ha C€BpoIei-

CHKOMY JDKEpelli CHHXPOTPOHHOTO BHITPOMIHIOBaHHS
(I'penobab, Opaniis).

[IpoTsroM poky MpoJIOBKYBaJIOCh CIiBPOOITHULI-
TBO BIIIULY SIACPHUX PEaKIlid 3 PSIOM HAYKOBHX
ycraHoB Iranii, PecnyOniku Kasaxcran, Pocii, 30k-
pema:

3 O0’enHanuM [HCTHTYTOM SIIEPHUX JOCIIKEHb
(Iy6na, Pocist). ¥ paMkax mporo CIiBpOOITHHIITBA
NPOJIOBKYBAJIMCh JOCHIPKEHHS BIACTHBOCTEH JIer-
KHX HEHTPOHHO-HAUTHIKOBUX SIIEP Y peakiisfx i3
BTOPHUHHUMH TTyIKaMU;

3 IncturyTom simeproi ¢isuku PT'TI Hamionans-
HOrO siepHoro ueHtpy PecnyOumikn Kaszaxcran. Y
paMKax [bOTO CIBPOOITHUIITBA TPOIOBKYBAIHACS
JIOCTIDKEHHS PeaKIlii B3aEMOJIIT JICTKUX SIep 3 TPH-
TIEBUMH MIIIIEHSIMHU;

3 Jlaboparopi€ro  SAOEpPHUX  peakiid M.
I'. M. ®apopoBa O6’ennanoro IHCTHTYTY saepHHX
nociikens (yona, Pocis). Ilpoeemeno poci-
JOKeHHSI CTPYKTYpH JIETKHX paJiOaKTUBHUX SJEp,
3oxpema *He Ta °Li;

3 [liBneHHor naboparopieto HamionaneHoro IH-
cTuTyTy sinepHoi ¢izuxu (Karanis, Itamis) ta [Heru-
TyToM iM. P. BoxkkoBuua (3arpe6, Xopsarisi). B pa-
MKax Iporo crmiBpobitaunTea B peakuii ~C(’Be,
""Be, *Be)'He mocmimkeHO KiacTepHy CTPYKTYpY
ampa 2c. InenTudikoBaHo psia Pe30HAHCIB, MO Bif-
HOCATBCSA 10 poTamiitHoi cmyru 07, 27, 47;

3 OOHIHCBKMM IHCTUTYTOM aTOMHOI €HEPreTHKH
HAAY MI®I, (O6Hinckk, Pocis). JlocnimkyBanuch
BJIACTUBOCTI HEI30Ib0BAHOTO pO3IATy pPE30HAHCIB
sapa "B* no kananax o + °Li Ta t + '°Be B peakuiax
lnga(BB, 0L9Li)181Ta Ta 181Ta(13B, thBe)ISITa;

3 HaAyKOBO-JOCHiIHUM [HCTHTYTOM simepHOi (i3u-
ki MockoBcbkoro JlepxaBHoro yHiBepcurery (Mo-
ckBa, Pocis), e i3 3aCTOCyBaHHSIM CyNepMYJIbTHII-
JIETHOI ITOTEHI1aJIbHOI MOJEN B3aEMOIIT HAMIET X
KJIACTEPiB BUKOHYBABCS aHaNi3 JH(EpeHIIATEHAX
nepepisis peakuiit d+°H.

VY Biggini ¢isuku tBepmoro Tina B 2010 p. mpo-
JTIOBXKYBAJIach CIiBPOOITHUIITBO 3:

TEOPETUYIHOTO JOCIHIPKEHHS CTPUOKOBOI PyXJIH-
BOCTI B HEYHOPSIKOBAHUX OPraHIYHUX HAMiBIPOBi/-
HUKax TpU JOBUTHHIN KOHIIEHTpalii HOCIIB 3apsamy
Ta JMOBUTBHUX EJIEKTPUYHUX MOIX (YHIBEpCHUTET
Map6ypra,Himeuunna, npod. H. Béssler);

EKCTIIEPUMEHTAJILHOTO Ta TEOPETHYHOIO IOCIHif-
XKEHHS CTPHOKOBOTO TPAHCIOPTY B HEYIMOPSAIAKOBA-
HUX OpraHiYHHUX HAaMiBIIPOBIAHWKAX TPH BEIHUKUX
KOHILIEHTpalisix HociiB 3apsany (IlHcTuTyT HamiBmpo-
BiTHUKIB Ta (i3MKH TBEPJOTO Tijla YHIBEPCUTETY
loranna Kemepa, Jlinm, Asctpis, mpod. H. Sitter).
[Jana iHTepmperalisi 3aleXHOCTI eHeprii akTuBarii
PYXJIMBOCTI BiJl €HEPTeTUIHOTO OE3MOPSIKY B Opra-
HIYHUX NOJBOBUX TPAH3UCTOPAX.
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Pazom 3 Ilerrpom mMennuHOi pamiamiitHoi (izuku
VuiBepcurety M Bononronr (Asctpanisi) ta [HcTH-
tyToM Mikponpunaaie HAH VYkpainu (Kuis, Ykpai-
Ha) TOCIHIIKyBaJach MOJIUBICTH PO3ILTHHOIO BH-
MipIOBaHHS 103 MPOTOHIB 1 HEUTPOHIB y MPOTOHHIH
Tepamii 3a JONOMOTOI0 KPEMHIEBHX Pin-Ai0iB.

Crnig BiA3HAYWTH TUTITHY MDKHApPOJIHY CITiBIIpa-
IO BIIUTY TEOpii SASPHOTO CHHTE3Y B paMKax Ipo-
eKTy YKpailHChKOr0 HayKOBO-TEXHOJOTIYHOI'O IICHT-
py “loHN BUCOKHX eHepriil y Tokamakax Ta cTenapa-
Topax: (i3M4HI MPOOJIEMH, MiarHOCTHKA Ta Harpi-
BaHHS Mma3Mu’ (kepiBHUK rpoekty — S.1. Konecuu-
4YeHKo). JlaHuil MPOeKT BUKOHYETHCS B MAapPTHEPCT-
Bi 3 IHcTuTyTOM Oi3mku 1masmMu Maxkca [lmanka
(Tapxinr, Himeuunna), JTaGoparopiero (i3uku ruias-
mu [IpuncToncwskoro yHiBepeutery (CLUA) ta YHi-
Bepcurerom KamidopHii-Ipsaiin (CIIA). IToka3zaHo,
10 HECTIMKOCTI IIa3MH, o 30yIKYIOThCS €HepTiii-
HUMH 10HAMH B TOKaMakax i cTellapaTopax, MOXYTb
3HAYHO BIUIMBATU Ha €JIEKTPOHHI MOTOKHM Temua (aje
HE Ha TIOTOKH YaCTHHOK) MOTIEPEK MarHiTHOTO TIOJIS.
[cHYIOTH J1Ba KaHAJIM TAKOTO BIUIMBY - II€ TEILIONPO-
BIJHICTB 1 TEIUIOBA KOHBEKIIIS, BUKJINKAHI XBUJIIMHU.
BusiBieHo HOBHIT MexaHi3M 4yacoBOi eBOJOLii dac-
TOTH KOJINBAaHb y TIa3Mi — 3MiHA JOILIEPOBOTO 3CY-
BY, L0 BiIOyBa€THCS BHACTIIOK 3MiHHM 4acTOTU 00e-
PTaHHS TJIa3MU TPU PO3BHUTKY HecTikocteit. [um
MOJKHA TOSICHUTH, 30KpeMa, EKCIIEPUMEHTANbHI CIIO-
CTepEXKCHHs Ha cTenaparopi BenpaenbiuraiiH-7AS,
Jle 4acToTa KoJauBaHb manana Ha 20-25 k' mpu me-
PIOAMYHUX CTaJlaxaX HeCTINKOCTEH.

[IpomoBkyeThCsl TakoXK CHiBpOOITHUITBO 3 [HC-
OpyKcbKHM yHiBepcuTeToM, ABcTpis, Kamemcbkum
Hayxosum lLlentpom, AGiarmoH, Benmka bpuranis
(B.A1. T'ono6opompko, B.O. SIBopcrkmii) Ta yHiBEp-
cuteroM Aanbto, Ginnsuais (O.C. Bypmno).

VY Bignini Teopii mra3Mu MPOBOAMIIOCH HAYKOBE
CHIBpPOOITHHIITBO 3 TAKUMHU yCTaHOBAMH:

VuiBepcuretom Kromy (Dykyoka,
mpod. 1. llinoxapa (K. I1. [llampait);

Tokaiicbkkum yHiBepcuteToM (Kanarapa, Smo-
Hist), npod. T. Tanikasa (K. I1. Hlampait);

HamionanesauM yniBepcuterom ABctpanii (Kan-
oepa, Ascrpaiis), pod. 0. Kismap (B. M. Jlam-
KiH);

HarioHanbHUM IICHTPOM HAyKOBHX JOCIIIKEHb
(Opnean, ®panuis), npod. B. KpacHocenbckux
(O. O. 3anizusk).

3a nuka poOit “JlocmimkeHHs (GI3UYHUX SBUIL Y
IIIBHIA TeNKOHHIA XBHJIBOBIM TuTa3mi Ta i1 mpwu-
knmagaux 3actocyBanp” K.II. Hlampait cmimpHO 3
mpod. 1. [linoxapa Ta npod. T. TanikaBa OyB ymo-
CTOEHMH TpeMil B Tamy3i HayKd 1 TEXHOJOTIH 3a
2009 pik, sKa TPHUCYIKYETHCI MIiHICTPOM OCBITH,
KYJbTYpPH, CIIOPTY, HAYKH 1 TEXHIKU SMOHI].

SAnowis),

IIIOPIYHUK - 2010

3a 3BITHUN TEPiOJ BT JOCTITHAIIBKOTO peak-
Topa BBP-M ycnimHo npogoBxyBaB cHiBpoOiTHHLI-
TBO 3 HarmionanpHOW ammiHicTpariero siaepHoi ¢i-
3nyHOi 6e3nekn (MinicteperBo enepreruku CIIIA),
CIpSIMOBAHE HA MiJBUINCHHS OC3IEKH JIOCIIIHHIIb-
KHX PEaKTOPIiB Ta pPO3pOOKH HOBHUX THUIIIB PEaKTOPIB.
V Bimini 3xaiticHioBaBcs npuiiom (axismiB i3 CIIA,
MATATE, siki 3amydeni n1o mpo0JieM siiepHoi 0e3-
neKu. Y pamKax MiKHapOJHUX MPOEKTIB OOIPyHTO-
BaHa Oe3meka AOCTiTHUIIBKOTO SISPHOTO peaKkTopa
BBP-M T1a o1HOYacHe BUKOPHUCTAHHS BHCOKO- Ta
HHU3bKO30arayeHoro namusa. Po3poOmeHo Ta ysro-
JOKEeHO 3 JlepaBHUM KOMITETOM SIIEPHOTO PETYIIO-
BaHHA YKpaiHU JOKYMEHTAIlif0 IO BWUBO3Y BiAmpa-
IbOBAHOI0 Manausa 1o Pocil.

Crnig Bi3HAYUTH YCHINIHY MIKHAPOJHY MisUTh-
HicTh L[eHTpy eKoNOTIYHUX MpoOIeM aTOMHOI CHEp-
TETUKH 32 TAKUMH MIPOCKTaMH Ta KOHTPAKTaMHU:

BUPOOHHUITBO PaJiOAKTUBHHUX i30TOMIB AJIS Me-
TUIHOTO BUKOPUCTaHHS B YKpaiHi (MOOLTBHI reHe-
patopu). OCHOBHI pe3yJIbTaTH: MIPOBEJACHO MOJCPHI-
3aIlif0 YCTAaHOBOK JJIsi OTPUMAaHHS HATpPii Homua Bl
ta *°Zr-Mo remo. ExcnepumenTansHo BUOpaHO On-
TUMAaJIbHI YMOBH OIPOMiHEHHS MaTepialliB y aKTHB-
Hil 30HI peakTopa. Po3po0ieH0 KOHCTPYKITIIO 3aXu-
cHoro KoHteiHepa mist POII natpito Homun B
TPAHCIIOPTHOTO TTaKyBaHHS JI0 HHOTO. Takox po3po-
OJICHO KOHCTPYKIIIIO TeHepaTopa TeXHEIliI0 Ta TpaH-
CIIOPTHOTO TTaKyBaHHSA 70 HBOTO;

BXXMBaHHS 3ax0JliB 3 OOpOThOM 3 HE3aKOHHUM
MIEPEMIIIICHHSIM PaliOaKTUBHUX PEUOBHH Ta SACPHUX
MmatepianiB. OCHOBHI pPe3yJbTaTh: PO3POOJICHO Ta
MOTOJKCHO 13 KOOPJAMHYIOUOI OpraHi3alli€lo JeTa-
TpHI TexHI4HI crnenu@ikamii Ha oOnagHaHHA MOOi-
JHHOT eKCIIEPTHOI JIa00opaTopii, BKIIFOYAIOYH CIIEITia-
JHHUAN aBTOMOOLIL, HOTO iHPPACTPYKTYypy Ta BHMi-
proBaibHI mpwitaay. IliroToBIEHO 3pa3Ku sSAepHUX
MarepiamiB Uil TpoBeNeHHS crisHOTO I[S)] —
MATATE — IHCTUTYT TpaHCYpaHOBHX €JICMEHTIB
(Kapnepye, Himeuunna) mixki1abopaTOpHOTO HOPiB-
HSJIPHOTO aHAJITHYHOTO JOCIHipKeHHs. PosmouaTo
CTBOpEHHs 0a3u JaHWX 3 BIACTHBOCTEU TPaHCIIOPT-
HUX Ta 3aXMCHUX KOHTCHHEPIB;

MiABUIEHHS CIPOMOXKHOCTI aHami3y KoH(icKo-
BaHUX SACPHUX MaTepialliB Ta pagiOaKTHBHAX Pedo-
BuH B ISIJl HAH VYkpainu. OcHOBHI pe3ynbTaTu:
PO3pO0JIEHO Ta MOTOHKEHO 13 KOOPAHWHYIOUOIO Op-
raHi3aIi€ero AeTanbHI TEXHIYHI crernudikarii Ha Mac-
CIEKTPOMETP 3 IHAYKTUBHO 3B'SI3aHOI0 IIA3MOIO
(ICP-MS) Ta HeoOXxigHe mOMOMIXHE OOJaTHAHHS
Mac-crieKTpoMeTpudHoi jabopartopii. BuBdeHo Bu-
MOTH IOJI0 IHCTAJAIi Mac-CIIEKTPOMETpa Ta PoO3-
noyato poOOTH 31 CTBOPEHHS iHPPACTPYKTypH Mac-
CHEKTPOMETPUYHOI JabopaTopii y BHIUIEHUX TpH-
MimeHHIx kKopiycy [S/1;
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IIponosxyerbest cmiBnparst LIETIAE 3 Bemuko-
Opuranicro (MinicTepcTBO Oi3HeCy, MiANPHEMHHUIIT-
Ba i 3aKOHOJJaBYHX pedopM).

VY paMmkax cImiBpoOITHUIITBA YKPaTHCHKOTO IIEHT-
py saepuux nmanux 3 CeKIi€l SACpHUX NaHUX
MAT' ATE BHKOHaHO KOMIUIAIIIO €KCIIEPUMEHTAIb-
HHUX JaHUX TPO B3a€EMOAIIO sfOep 3 HEHTpOHAMH, 3a-
PSUKEHUMH YaCTUHKaMM Ta (OTOHAMM, OTPUMaHHUX
YKpaiHChKUMH BUEHHMH Ta OIMYOJiKOBaHUX B yKpai-
HCBKHX Ta 3aKOPAOHHMX HAayKOBHX JKypHajax i BHU-
nmauuax. Jlaxi mpeacrasineno y dopmari EXFOR mis
BKJIIOUEHHS JI0 CBITOBOTO OaHKy EKCIIePHMEHTaJb-
Hux ganux CSISRS. 3pificHrOBaNIOCh PO3MOBCIOA-
xeHHst B Ykpaini (YD, KHY, I5/1) mixxaapoanx
6a3 snepuux ganux CINDA, EXFOR, tomio.

Heo0xigHo Bin3HAUNTH TakoX poOOTY yKpaiHCh-
koro meHtpy INIS, poGora sikoro HampaBieHa Ha
03HAHOMJICHHS MDKHAPOIHOI CIIJIFHOTH 3 HAHHOBI-
MIMMHA pOoOOTaMM YKpPAiHCBKMX BYEHHMX 3 AAEPHOI
TEeMaTUKU. BaXXIMBOIO IITSTHKOIO POOOTH € HaJaHHS
indopwmartii INIS maykosiaMm [AJ1 HAH Ykpainu ta
IHIIMX OpraHi3alliii, a TakoX aHami3 uiel inopmarrii,
BBeJICHHS iH(opMaLii mpo poboTH 3 sAepHOI TeMa-
TUKH, 0 OyJM BUKOHAHI B YKpaiHi, 10 0a3u JaHUX
INIS. Ilpotsrom 2010 p. no MAT'ATE 6yno Hami-
crnano aadi npo 1300 poOiT 1y BKIIIOYEHHS 10 0a3u
nanux INIS.

Hauanenuit nenTp 3 pisugnoro 3axucry, 00Ky
Ta KOHTPOJIIO siiepHOro mMatepiany im. k. Kysmuua
PO3pOOHB A HaBUANBHUX KypciB 3 (i3MYHOTO 3a-
XHCTY, 00JIIKY Ta KOHTPOJIIO SAEPHUX MaTepialiB.

HaBuanbHuM 1ieHTpoM Oynu BUKOHAHI poOoTH 3
miaroroBku Ta nposeneHHs VIII ykpaincekoi kKoH-
(epeHtii 3 Gi3MIHOTO 3aXUCTY, OOIIKY Ta KOHTPOIO
SJIEPHUX MaTepiaiiB, o mpoBoamiack Ha 6a3i Ce-
BacCTOMNOJBCHKOTO  HAIliOHAJIBHOTO  YHIBEPCUTETY
simepHOi eHeprii Ta mpomucioBocTi (13-17 BepecHs
2010 p.). Y xoH(epenmii 6pann ygacTb yKpaiHCHKi
¢haxiBii 3 (Pi3UYHOTO 3aXUCTY, OONIKY Ta KOHTPOJIO
saaepHoro marepiaiy, ¢axisui 3i lsenii, CILA, Jlu-
TBH, binopyci, MAI'ATE, €C.

[potsrom 2010 p. y HaBuansHomy wneHTpi Oyno
NpOBE/ICHO 8 poOOUMX Hapaj 3a y4acTio 25 MpeacTaB-
aukiB Minenepro CIIA, opranizariit €C, MAI'ATE,
IIBenchKoi areHrrii 3 pamiariitHoi Oe3meKy.

[MinTpumyBamnuck peryisipHi 38’ s3ku 3 MAI'ATE

3 MOTOYHHX MUTaHb. JI0 IHCTHTYTY peryJsipHO TpH-
i3aumu excrieptu MAI'ATE 3 metoro mpoBeneHHs
MOTOYHOI 1HCHEKI1 AOCHiTHUIIBKOTO SIEPHOTO pe-
aktopa BBP-M Ta mepeBipku cTtaHy 30epeskeHHS
BiJIIPAIIbOBAHOIO SIJIEPHOTO NaJIMBa Ta HAJAHHS iH-
(opmMmariitHoi 1onmoMoru Mmoo Oe3nevHoi eKcIuTya-
tamii peaktopa. ¥ 2010 p. Oyno npuiiHATO 5 Here-
ramii MATATE.

[potsirom 2010 p. cmiBpoditHukamu [ HAH
VYkpaiam Oymo 3aiiicHeHo 118 3akopmaoHHUX Biaps-
JDKCHB, 13 HUX 49 — IS BUKOHAHHS HayKOBOI po0o-
TH, 22 — Ha CTa)XXyBaHHs Ta 47 — IuIs1 y4yacTi y poOoTi
MDKHapOJIHUX KOH(epeHIiid, cuMno3iyMiB, Hapaa. B
51T HAH Yxpainu O0ymno mpuitasaTo 139 iHo3eMHUX
yuenux Ta cnemianictiB i3 CILIA, Ascrpii, Himeu-
ynan, BemukoOputanii, Itamii [Tonpmi, Yexii, Ko-
pei. 3 HUX, 64 0COOW - YJACHUKH MiKHApPOJIHHUX 3a-
XOJIIB, 110 OYyJIK MPOBEIeH] Ha 0a3i IHCTUTYTY.

7-12 uepus B Kuesi npoxommna 3™ MixHapo-
Ha KoH(epeHIis “AKTyanbHI MpoOIIeMHU sIepHOT
¢i3uku ta aromHoi eHepreTukn” (NPAE-Kyiv2010).
Opranizatopu koH¢pepenuii — 51/ HAH Ykpainu Ta
KuiBcekuit Hanionansauii yHiBepcuteT imeHi Tapa-
ca [lleBueHka.

Ha «xoudepentiii oOroBoproBanvnch IMTHTAHHS,
OB’ s13aHi 3 poOIeMaMHu, MEPCICKTHBAMH Ta HOBIT-
HIMH JIOCSATHEHHSIMH B Taly3sX CTPYKTYpH SIpa,
SMEPHUX peakiii, PiAKICHUX SACpHUX TIPOIIECIB,
(hi3UKHM BUCOKMX €HEprii, HeWTpoHHOT (i3uku, }i-
3WKH SIZICPHUX PEAKTOPIB, SNIEPHUX ITAHUX, SACPHO-
(i3MYHIX TEXHOJIOTiH, Mpo0IeM aTOMHOI €HepreTH-
K{ Ta 3aCTOCYBaHHs SIEPHUX TEXHOJIOTIH y HayKo-
BUX JTOCIIPKEHHSX, TPOMHUCIOBOCTI Ta MEIUIIHHI.

Y poboti koH(epeHmii B3sIM y4acTb OJIH3BKO
200 BueHmX, B TOMy uucti 65 oci6 3 CIIA, fAmnomnii,
Himeuuunu, @panmii, Iranmii, BenukoOpuranii,
Honemi, €runty, [HAil, Pymynii, @innsamnii, Amka-
py, JliBii, CayniBcbkoi Apasii, Pocii, binopyci, Ka-
3axcTaHy, Y30ekucTany. YKpaiHy Ha KOHQepeHii
npeacraswin iHctutyth HAH VYkpainu, 3akmagu
BHUIIOI OCBITH Ta HAYKOBO-TEXHiYHI ycTaHOBU Kue-
Ba, XapxoBa, Onecu, CeBactonons, Cym, YKropo-
na.
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