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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 Yxpainu B 2012 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
myOmikamii 'y pedepoBaHHX JKypHaNax, MEpertiK
JIOTIOBiIeH CTHIBPOOITHUKIB IHCTUTYTY Ha Mi>KHAPOI-
HUX KOH(EpEHIsNX, HaTaeTbcs I1HGOpMAIlS PO
KoH(epeHLii, Hapaau, MPOBEAEHI IHCTHUTYTOM Y
2012 p., ma"i mWpo MDKHApPOIHE CITiBpPOOITHUIITBO
THCTUTYTY.
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TTepeamoea

[Iporsirom 2012 p. iHCTHTYT TPOAOBXKYBaB JIO-
CJIIIKEHHS 32 (PyHIaMEHTAIbHUMU Ta MIPUKIIaJHUMHU
acreKkTaMH sIepHOi (i3UKM, aTOMHOI €HEPreTHKH,
pamiamiiiHoi (i3WKM Ta panianifHOro Marepiano-
3HABCTBA, (DI3UKH IDIa3MH, pazniobioiorii Ta pamio-
€KOJIOT11.

PobGotn B ramysi simepHOi (i3MKH CTOCYBAIUCS
JTUHAMIKH TIPOIIECiB TOIITY BaXKKUX siep. byna pos-
pobnieHa Tporeaypa po3paxyHKY IOBEPXHEBOTO
HATITYy BAXKUX sJICp Ta BIJIOBIJIHUX MOIMPABOK Ha
KpUBHM3HY (IOBXHHHU TosiMaHa); BUMIPSHO 130MEpHIi
BiZHOIICHHST BHXOJiB i30MepHHX map smep ~Rb,
3T, 1 i P*Xe, yrBOpenux y pesynsrari poTomo-
piny U ransMiBHEMH Y-KBAHTAMM; HA TaHAEM-
rerepatopi EI'TI-10K mocmimkeHO TpHUYaCTHHKOBY
peakuiro  ''B(p, 0o)o. TpH  eHeprii  HpPOTOHIB
Ep.=182,65 MeB;14 131111epu1e JIOCIIIIKEHO .peaKuﬁ
Li(°0O, X) ta “C( B, X) 3 BUXOIOM CTaOLIBHHUX 1
HeCcTaOUThbHUX sI/Iep; BCTAHOBICHO HOBE OOMEKCHHS
Ha MacCy aKCIOHIB, MOB'A3aHUX 3 agpoHamu (M, < 8,6
keB), aki MoxyTe BunpomiHioBatuch Ha CoHII Y
MIPOTOH-TIPOTOHHOMY IIHKJIi Ta iH.

B obmacti papgiamiiiHoi (i3UKK  JOCHTIHKEHO
YTBOPEHHSI Ta PyX €KCHTOHHOTO IMITyJIbCY B HEO[-
HOPITHOMY 30BHIIIHROMY IMOTEHI[iaNi; BUBYEHO MO-
JKIMBICTh TPHCKOPEHHS po3mamy isomepy ' Hf™
IpU ONPOMIHEHHI PEHTTEHIBCHBKHUMHU TPOMEHIMH;
JOCHIDKEHO CIEKTPU TIOTJIMHAHHS ONPOMiIHEHOTO
LIBUJKUMH HEUTPOHAMHU PEaKTOpa KPEMHII0 OZHOTO
TUITy TPOBIHOCTI, BUPOIIEHOTO MeToaamMu Yox-
panbscbkoro Ta 30HHOI maBku (Cz i Fz); moka3zano,
10 MiABHINEHA MBUIKICTh PaAiallifHOTO OKPUXUY-
BaHHSI Ha MEPIITUX CTAMisIX eKCIUTyaTallii 1moB’s13aHa 3
CYTTEBUM BKJIaZIOM TEPMIYHOTO CTapiHHS.

3miliCHEHO KOHBEPCiI0 BHCOKO30araueHoro Ia-
JINBa JOCIITHHUIIBKOTO sepHOTO peakTopa BBP-M
A1 HAH Vkpainu. AKTUBHA 30HA peakTopa MOBHi-
CTIO 3aBaHTaXCHa HU3bKO30araueHWM SIEPHUM Ma-
suBoM (TB3 tumry BBP-M2 3i 30aragennsm 19,75 %
no *°U). 3aBepmeHo po3pobKy poGouoi mporpamu
MOJICpHi3allil OJHOPSAIHUX KOHTCHHEPHUX 30ipoK 3i
3pa3KkaMH-CBIAKAMH METaly KOpIIycy; po3poOieHo
[IpOrpaMy MOJAETIOBAHHS IPOXO/DKEHHS BHIIPOMI-
HIOBaHHS 4Yepe3 pi3HOMaHITHI 3aXHUCHI CHCTEMHU.

Hupextop [HctutyTy simepuux gocnimkens HAH Ykpainuy,

akagemik HAH Ykpainu

VY rany3i Gi3UKH IIa3MA Ta TEPMOSIICPHOTO CHH-
Te3y BCTaHOBIICHO, IO BJIACTHUBOCTI CHEKTpa albQ-
BEHOBUX KOJIMBaHb y TOKaMakax JOKOPIHHO 3MiHIO-
I0THCS TP TiIBHINEHHI TUCKY IJIa3MH Ta Koedirie-
HTa Oe3MeKu ToKamaka; 3alpOIOHOBAaHO HOBUH Me-
XaHi3M MPHUCKOPEHHsI TeIIKOHHOI Ma3MH IOHIEPO-
MOTOPHHMHU CHJIaMH B €JNEKTPOMArHiTHUX IOJISX
TiOpUIHUX MO, JIOKAI30BaHUX Yy MepHQepiiHii
00J1acTi TIa3MOBOTO CTOBIA; PO3POOICHO METOTUKY
0e3rnocepeIHHOI0 BUMIPIOBAHHS BHCOKOYACTOTHHUX
EJIEKTPUYHUX TOJIIB B TIa3Mi TE€TiIKOHHOTO PO3PSY.

VY raiys3i pamioekoiorii Ta paaio6iosorii po3poo-
JICHO HOBY METOJMKY HPSMOrO BUMIpIOBaHHs Koe-
dinienta pamioakTuBHOi piBHOBarm Mix U Ta
*2°Ra; po3po6IICHO 1 BIPOBAIKEHO HEPAMiOXiMIdHY
METOAMKY OJHOYACHOTO BH3HAYEHHS BMICTY pafio-
uykmigis ’Sr ta ’Cs y 3paskax HaBKONMIIHEOTO
CEPEOBHUINA; OCTIHKEHO pPIiBHI IHUTOTCHETHIHUX
edekTiB y KIITHHAX KpoBi kureniB mict Kuesa i
Yepnirosa.

Y 2012 p. HayKOBIIMH IHCTHTYTY 3aXWIIEHO |
JOKTOPCbKY Ta 3 KaHAWAATCHKUX AHMCEpTaliid 3a
CeUiabHOCTAMH (Di3MKa aTOMHOTO SIpa, €leMEH-
TapHUX YACTHMHOK i BHCOKHX €HEprili, TeIioBi Ta
sITepHI €HePrOyCTaHOBKH, ITITOTOBJIECHO 0 3aXHCTY
1 KaHIUAATCHKY AUCEPTAIlil0, BUAaHO 4 MOHOTpadii.

[IpoTsiroM poKy IHCTUTYT yCIHiOIHO MpoBiB [V
MixHapoaHy KoH(EpeHIIiI0 «AKTyallbHI TTPOOIeMu
AIepHOi (QI3UKH Ta aTOMHOI eHepreTukm», X YKpai-
HCBbKY KOH(epeHLio 3 (i3U4HOro 3aXHCTY, 00Ky
Ta KOHTPOJIIO SJEpHOr0 MaTepiary, Hapaxy y4acHU-
KiB iJIbOBOI KoMIuTekcHOI mporpamu HAH Ykpainu
«AcTpoiznuHi i KOCMOJOTiuHI MpobdJaeMu NpHXO-
BaHOI MacH i TeMHOI eHeprii BcecBity», mopiuHy
HaykoBy koH(epentiro [S1J]] HAH Ykpainu.

Binemr neranpHa iH(dopMaIis mpo HaBaKITUBIII
HAyKOB1 3700yTKH CITIIBpOOITHUKIB 1HCTHUTYTY 3a
2012 p. naBoauthea B ganomy Llopiunuky. Cnomi-
BaIOCh, II[0 YATAYl 3MOXKYTh 3HAUTH B HHOMY IIKaBY
Ta KOpUCHY U1 cebe iHpopMartiio.

1. M. Bumnescbkuii

IToBHuit Texct Lllopiuanka po3mimeHno Ha BeO-cTopini http://www.kinr.kiev.ua/Annual report/reportl12.pdf
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BIJIUIN TA JIABOPATOPIT

SnepHo-@isuuHi yctaHoeku / Experimental installations

uxnorpon Y-120
3aBimyBayd — KaH[l. (i3.-MaT. HayK,
A.€. bop3akoBcbkuit
Hocainnnubkuii peaktop BBP-M
I'onmoBnwMit imkerep B.M. MakapoBChKHiA
I30xponHuii HUKJIOTPOH Y-240
3aBinyBay — kaHq. (i3.-MaT. HayK,
O.€. Banbkos
EnexkTpocTaTuuHnii nepe3apsaaHuii
npuckoproBay (tangaem) EI'TI-10K
3aBimyBad — nokTop ¢i3.-mar. Hayk, B.B. Ocramiko

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
O.E. Valkov

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

Bianinu ta nabopartopii / Departments and laboratories
Cexuia apepHol @isuku / Nuclear physics section

Binmia Teopii sapa
3aBigyBad — TOKTOp ¢i3.-MaT. HayK, wieH-kop. HAH
Ykpainu, npodecop B.M. Konomienp

Binain sinepuoi ¢izuxn
3aBigyBau — KaHAWIAT TEXH. HAYK,
c. H. c. M.®. Konomiens

Binain sanepHoi cnekrpockomii
3aBijyBad - TOKTOp (i3.- MaT.HAYK,
c.H. c. B.T. Kynpsamikin

Binain crpykrypu siapa
3aBigyBau — TOKTOp (i3.-MaT. HayK, akageMik HAH
VYxpainu, npodecop I.M. Buminescrkuii

Binpin anepanx peakniit
3aBimyBad — 1OKTOp (i3.-MaT. HAYK,
c. H. ¢. FO.M. IlaBnenko

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

Binain ¢izuku Ba:xkKux ioHiB
3aBigyBad — TOKTOp (bi3.-MaT. HAYK,
npodecop A.T. Pymunk

Binain sinepHo-aTOMHHX nmpoieciB
3aBimyBad —10KTOp (i3.-MaT. HayK,
npodecop O.1. JIepon

Bignin ¢iznkmu BucokuX eHepriii
3aBimyBad — JOKTOp (hi3.-MaT. HAYK,
npodecop B.M. Ilyrau

Binain sagepHoi enekTpoHiky Ta 3ac00iB aBTO-
MaTu3amii. 3aBigyBad — JOKTOp TEXH. HayK,
c. H. ¢. A.Il. Boiitep

Binaisn yacoBoro anamizy sijgepuux
npouecis. 3aBigyBad — 1OKTOp (i3.-MaT. HAyK,
npodecop B.C. OnbpxoBchKHit

JladopaTopisi Teopii AaepHUX B3aEMogiii Ta
npouecis. 3aBimgyBad — JOKTOp ¢i3.-MaT. HayK,
c. H. ¢. B.IO. [lenucosn

[IOPIUHUK - 2012

Nuclear Theory Department
Head — Corresponding Member of National Aca-
demy of Sciences of Ukraine, Prof. V.M. Kolomietz

Department of Nuclear Physics
Head — Camdidate of Techn. Sciences
M. F. Kolomietz

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. I.M. Vishnevsky

Department of Nuclear Reactions
Head — Doctor of Phys.-math. Sciences
Yu.M. Pavlenko

Lepton Physics Department
Head — Doctor of Phys.-math. Sciences
F.A. Danevich

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.I. 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

The Time Analysis of Nuclear Processes De-
partment. Head - Doctor of Phys.-math. Sciences,
Prof. V.S. Olkhovsky

Laboratory of Theory of the Nuclear Interac-
tions and Processes. Head - Doctor of Phys.-math.
Sciences, V. Yu. Denisov



BIJIUI TA JIABOPATOPII

Cexuia aTomHOi eHepreTuku / Atomic energy section

Binais Teopii apepHux peakropis
3aBimyBad — TOKTOp (pi3.-MaT. HAYK,
npodecop B.M. IlasnoBuu
Bingis qocainHUIIbKOTO AEPHOTO peaKkTopa
3aBigyBad — 1OKTOp (i3.-MaT.HAYK,
gnen-kop. HAH Yxkpaiau B.1. Cricenko
Binain Helitponnoi ¢iznkn
3aBigyBad — kaH[ (i3.-Mar. HayK,
c. H. ¢. 0.0. I'punaii
Binain mpo6sem go3umetpii saepHux
peakTopiB
3aBimyBay — kaHaAuAAT (i3.-MaT. HAyK
B.M. bykaHoB
Binain pagiauniitnoi i 3araabHoi 6e3mexku
3aBigyBay — TOKTOp TEXH. HayK,
c. H. ¢. C.I. AzapoB
HaBuanbHuii neHTp 3 (Pi3HIHOr0 3aXHCTY,
00J1iKy Ta KOHTPOJIIO SIIEPHOT0 MaTepiary
3aBimyBau — kaH. ¢i3.-MaT. HAyYK
B.I. I'aBpumtox

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
Radiation and General Protection Department
Head — Doctor of Techn. Sciences S.I.Azarov
George Kuzmycz Training Center for Physical
Protection, Control and Accounting of
Nuclear Material
Head — Candidate of Phys.-math. Sciences
V.1.Gavryliuk

Cexuia paaiauiviHoi @i3uku Ta paaiauiiHoro / Radiation physics and radiation material

MGTepiC(.ﬂOBHOBCTBC(

Bingin reoperuunoi ¢izukn
3aBigyBad — JOKTOp (i3.-MaT. HayK, WwieH-kop. HAH
Vxpaiuu, npodecop B.J. Cyrakos

Binain pagiauiiinoi ¢izukn
3aBigyBad — noKTOp (i3.-MaT. HAYK,
npogecop IL.T. JlutoBueHKO

Binain pagianilinoro marepiajio3HaBcTBa
3aBimyBau — kaHaAUAAT (Pi3.-MaT. HAyK
JLI. 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

Cexuia @isvkn nnasmu / Plasma physics section

Binais Teopii anepHoro cuHTe3y
3aBimyBad — TOKTOp (pi3.-MaT. HayK,
npodecop S.1. Komecanaenko

Binain Teopii miazmu
3aBigyBad — OKTOp (i3.-MaT. HAYK,
c. H. c. K.II. [ITampait

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

Fusion Theory Department
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

Cekuis papioexonorii Ta paaio6ionorii / Radioecology and radiobiology section

LleHTp eKoJOTiYHUX TPOOIEM
aTOMHOI €HEepPreTHKH
3aBigyBad — KaHM. ¢i3.-MaT. HayK,
c.H.c. B.B. Tpumun
Binain pagio6ioJiorii i paxioexosorii
3aBimyBad — OKT.0i0JI. HAYK,
c. H. c. A.L. JIuricpka

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,
A.l. Lypska

IHCTUTYT AJEPHUX JOCJIPKEHb HAH YKPATHU



AHoTaUiT pobiT 3 anepHOi (Pi3UKK

DIFFUSION ON THE DISTORTED FERMI SURFACE

V. M. Kolomietz, S.V. Lukyanov

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

An important aspect of the dynamics of a Fermi
liquid is the presence of Fermi motion of particles
and the related effects of the dynamic Fermi-surface
distortions. Both can be considered in the fluid dy-
namic approximation, where the initial quantum me-
chanical equations of motion are converted into equ-
ations of motion for local quantities such as nucleon
density, current density, pressure, etc. Usually, this
is done by means of the Fermi-surface distortions.
The allowance of Fermi surface distortion leads to
some features of Fermi-liquid dynamics, for exam-
ple, excitation of transverse waves, effect which do
not occur in the non-viscous classical hydrodynam-
ics. The extension to time-dependent mean-field
theory which incorporates interparticle collisions
into the kinetic equation for the many-body Fermi
system leads to the necessity to take into account the
dynamical Fermi-surface distortion in the collision
integral. In our work, we apply the diffusion ap-
proximation to the relaxation on the deformed Fermi
surface [1]. This approach gives a simple result for
the dependence of the relaxation time as function of
the Fermi surface deformation multipolarity.

We restrict ourselves to the Born collision ap-
proximation in the kinetic equation for the Wigner
distribution function f(7,p;¢). Assuming that the

main contribution to the nucleon-nucleon scattering
amplitude is given by the transitions which corre-
spond to a small momentum transfer, we reduce the
kinetic equation to the diffuse equation in momen-
tum space.

St{f}=-K,V, fV, E+DV’ [, (1)

where D, is the diffusion coefficient and K, is the
drift term.

Considering the sound excitations and the small
deviations of the distribution function Jf from the
equilibrium, the function Jf can be expanded in a
series of spherical harmonics of multipolarity /.
Using the collision integral St{f} of Eq. (1) and

assuming a spherical Fermi surface of radius pr., we
have evaluated the dependence of the relaxation time
T,, on the multipolarity / the Fermi surface

deformation.

L[OPIYHUK - 2012

The final result reads

1/, =D,(p)/ p2(+1), for [22. (2

This result means that the relaxation time t,,

decreases rapidly with the growing multipolarity / of
the Fermi-surface distortion.

Another possibility for the distortion of Fermi
surface is the initial non-equilibrium particle-hole
excitation. We have considered a homogeneous
nuclear matter. Solving numerically the diffusion
transport equation and using the collision integral
of Eq. (1) with D, = 2.6:10% MeV*fm™s and
K, = -6.5:10%° MeV-fm™s, we have evaluated the
time evolution of the distribution function f(p.?).

The results of calculation are shown in the Figure.

fipn1

Time evolution of the Wigner distribution function f{p, t)
in case of the initial particle-hole excitation. Thick curve
is the Fermi-type equilibrium limit.

As seen from the
distribution  f(p,?)

equilibrium

fo(p) = {[1 +exp|:(p —pF)/T:H}fl . The correspon-

ding equilibrium temperature can be estimated as
T'=-D,/K,.

Figure, the momentum
evolves to the Fermi-type

limit

1. V.M. Kolomietz, Nuclear Fermi-liquid (Naukova
Dumka, Kyiv, 2009).
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GAMMA-RADIATION IN NON-MARKOVIAN FERMI SYSTEMS

V. M. Kolomietz', S. V. Radionov', B. V. Reznichenko®

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
? Taras Shevchenko National University, Kyiv

Relaxation of collective motion implies fluctua-
tions in the corresponding collective variables, as
follows from the fluctuation-dissipation theorem.
Furthermore, the fluctuations in a particle density
produce an accelerated motion of charges inside the
charged system like a nucleus and lead, therefore, to
radiation. The spectral distribution of this fluctua-
tional radiation depends on the relaxation (dissipa-
tion) properties of the collective motion, in particu-
lar, on the dynamical distortion of the Fermi surface.
We therefore suggest that a study of the shape of the
radiation spectrum emitted from the heated charged
systems provides an opportunity to obtain informa-
tion on the dissipative properties and on the transi-
tion from the low-temperature (quantum) to the
high-temperature (classical) regime in a finite many
body system like a nucleus.

To derive the macroscopic equations of motion
for the collective variables in a finite nuclei we start
from the collisional kinetic equation (CKE) for the
phase-space distribution function f = f(¥,p;?).
Evaluating the zero's and first moments of the CKE
in p -space, the kinetic equation is reduced to the

non-Markovian Langevin equation for the collective
variables of nuclear shape O =1{0,,0,,...0,}. To

justify microscopically the Langevin equation, we
have used the Caldeira-Leggett approach assuming
that our Brownian Q -particle is moving in the heat
reservoir formed by infinite number of harmonic
oscillators. The final Langevin-like equation takes
the following non-Markovian form

_ aE'pot(Q)

BQ = 50

— B[ diy(t—1)0(t") + BE®), (1)

where B is the collective mass, E,, (Q)is the po-

tential energy, y(z—t') is the memory kernel and
&(¢) is the random force.

Using Eq. (1), we have performed the analysis of
the spectral density dE/dw of y-radiation for the
descent of the nucleus from the fission barrier to the
scission point. The obtained spectral density,
dE /do is given by

dE e’B?
- 2.3 2 2 2 2.2
do 3n°c’ | (0 +0; — 0y, ;) +07Y, g

2 2 2,2
(O‘)B - (D’Yw,lm) T Ym,Rc 2
0

thYw,Rc 1

+ )
(0" + 0y — oy, )" + 07, . explho/T]-1

where 7 is a temperature of the nucleus,
QO EQ(tO) is the initial velocity, Y o.Re and Youm ar€
the real and imaginary parts of the Fourier transform
of a memory kernel, respectively. The first term in
dE /do represents the contribution to the emitted
energy caused by the mechanical motion of the nu-
cleus while the second one is due to the fluctuations
of the collective variable.

61

T=2MeV, t=8*10-23s

dE/dw

04

0 10 20 30 40 50
ho(MeV)

Energy dependence of spectral density of y -radiation
for the descent of the nucleus from the fission barrier.

In the Figure we show the spectrum of the emit-
ted electromagnetic energy for the memory kernel of
the form v(¢) =«,exp[—¢/t], where T is a memory

time. The prominent peak in the spectrum is caused
by an essentially non-Markovian character of the
considered collective dynamics and exists at any
temperature of the nucleus.
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CURVATURE AND ISOTOPIC ASYMMETRY EFFECTS IN THE SURFACE ENERGY
FOR NEUTRON RICH NUCLEI

V. M. Kolomietz, A.I. Sanzhur

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

The presence of the finite diffuse layer in nuclei
creates the problem of the correct definition of the
radius and the surface of tension for a small drop
with a diffuse interface. Bellow we will address this
problem to the case of two-component nuclear drop.
The curvature correction is usually negligible in
heavy nuclei. However, this correction can be im-
portant in some nuclear processes. For example, the
yield of fragments at the nuclear multifragmentation
or the probability of clusterization of nuclei from the
freeze-out volume in heavy ion collisions. In both
above mentioned processes, small nuclei necessarily
occur and the exponential dependence of the yield
on the surface tension should cause a sensitivity of
both processes to the curvature correction. Moreover
the dependency of the curvature interface effects on
the isotopic asymmetry of small fragments can sig-
nificantly enhance (or suppress) the yields of neu-
tron rich isotopes.

We consider the uncharged droplet at zero tem-
perature, having the mass number 4, = N + Z and the
neutron excess 4 = N —Z , the corresponding isosca-
lar A, and isovector A, chemical potentials and the
Helmholtz free energy F. Let R is the dividing ra-
dius, then ¥ =4nR’ /3 is the volume and S = 4nR*
is the surface area. The free energy of a nucleus F,
as well as the mass number 4, and the neutron ex-

cess A, are splitted into the volume and surface

parts. To obtain the physical size quantities an addi-
tional condition should be imposed on the location of
dividing surface. In general, the surface free energy
includes the contribution from the surface tension and
from the binding energy of particles within the sur-
face layer. The latter contribution can be excluded for
the special choice of dividing (equimolar) radius
R = R, which satisfy the condition

(po,sxo +Pish )R:R =0,

e

where p, and p, ¢ are, respectively, the total (iso-

scalar) and the neutron excess (isovector) surface
densities. Following Gibbs and Tolman we assume
that the physical (measurable) value of the surface
tension is taken at the equimolar dividing surface

[IOPIUHUK - 2012

and that the surface tension o, =o(R,) approaches

the planar limit o as
c,=0,(1-2&/R)),

where § is the Tolman’s length.
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Surface tension as a function of the surface curvature for
different values of the asymmetry parameter X. Calcula-
tion was performed for SkM force within the mass num-
ber interval 10> - 10*. Dashed lines show the extrapolation
to planar limit at zero curvature.

Considering a non-charged droplet, the calcula-
tion is possible up to very high values of particle
number A4,~ 10°. We have carried out calculations
using extended Thomas - Fermi approximation with
Skyrme-like forces. To minimize the energy func-
tional the direct variation method has been applied
[1]. Figure shows the result of calculations for the
surface tension as a function of doubled droplet cur-
vature for different values of isotopic asymmetry
parameter X = 4,/ 4. As seen from the Figure, the

value of o, goes down as X increases. Tolman
length &, associated with data slopes in the Figure,

is also sensitive to the neutron excess, its absolute
value grows significantly with growing the isotopic

asymmetry parameter as ~ X .

1. V.M. Kolomietz and A.l. Sanzhur, Eur. Phys. J.
A 38, 345 (2008).
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MONOPOLE PAIRING VIBRATIONS IN SUPERFLUID NUCLEI:
A SEMICLASSICAL APPROACH

V. L. Abrosimov', D. M. Brink®, F. Matera®

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
? Oxford University, Oxford, United Kingdom
3 Istituto Nazionale di Fisica Nucleare and Universita di Firenze, Firenze, Italy

To study collective pairing modes in superfluid
nuclei we get the anomalous density response func-
tion within a semiclassical approach [1]. Our ap-
proach is based on the semiclassical time-dependent
Hartree - Fock - Bogoliubov equations of motion for
small amplitudes. The complex pairing -field fluc-
tuations are derived from the self-consistent relation
(the gap equation of the BCS type) [2], while the
static pairing field is approximated with a phenome-
nological constant A .

The monopole anomalous density response func-
tion is defined as

Ry (o) =

)
where 8k, (7,®) is the time Fourier transform of the

anomalous density fluctuation induced by the mono-
pole external field of the kind

dU (r,t) =B 8(¢) O(r—R), 2)

where P is a small parameter specifying the strength
of the external field. We assume that external field
acting on the correlated particles causes the extra
fluctuations of the real part of the pairing field
OA, (r,t). Thus the fluctuations SA (r,?) are treated
as

8A, (r,f) =A™ (r, 1)+ 38U (r,t) ,  (3)

where 3A™(r,t) are the self-consistent fluctuations

due to the residual pairing interaction. We consider
the zero-order approximation for the normal mean-
field.

The analytical expression for the anomalous den-
sity response function Ok, (7,®) has been derived in

a simple model, in which nuclei are represented as a
system of A nucleons enclosed in a spherical cavity
characterized by parameters (size, density, pairing
gap) typical of superfluid heavy nuclei. It reads

Sk (r,0) = Mazjm( £)

4
TR (o) “4)

with

[L ()]

R(@) = (@)=

: —jdeg()E()

% [a r% [ pdx,(r,p,0) =% [d r3c,(r,0),

fi(©)

I (0) = Ideg(e) ()

1 1
X - 5
{hw—2E(e)+m hoa+2E(e)+uJ

file)=(e—n)’, file)=e-p, fi(e)=1,

where g(e) is the single-particle density and E(e)
is the quasiparticle energy.

The results of numerical calculations of the
strength function associated with the monopole
anomalous density response function (1) as

1

S,, (ho) = ——Im R, (hw) (5)
Y

are shown in the Figure. The strength function has a
resonance structure with a sharp peak around 2A that
displays the monopole collective pairing mode. The
width of this mode is due to the Landau damping.

12

10+

A=1MeV, u=33.42 MeV

8

S, (ho) /o

0 T T T T T T T
0 2 4 6 8§ 10 12 14

ho (MeV)

The monopole collective pairing strength function
for the system A =208 nucleons.

In superfluid nuclei the monopole collective pair-
ing mode will be fragmented over several 0" -states
with significant strength around 2A . Found semi-
classical (macroscopic) collective pairing mode re-
produces the average behavior of these discrete
quantum states.

1. V.I. Abrosimov, D.M. Brink, A. Dellafiore, and
F. Matera, Nucl. Phys. A864, 38 (2011).

2. V.I. Abrosimov, D.M. Brink, A. Dellafiore, and
F. Matera, Eur. Phys. J. Web of Conferences, 38,
04003 (2012).
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SEMICLASSICAL SHELL STRUCTURE IN 2D RADIAL POWER-LAW POTENTIALS

A. G. Magner', A. A. Vlasenko'?, K. Arita’

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
? Institute of Physics and Technology, The National Technical University of Ukraine “Kyiv Polytechnic Institute”, Kyiv
3 Department of Physics, Nagoya Institute of Technology, Nagoya, Japan

The periodic orbit theory (POT) semiclassically
relates shell oscillations in the level density and the
energy shell correction of a fermionic quantum sys-
tem to a sum over the periodic orbits (p.o.s) of the
corresponding classical system; bifurcations of the
p.o.s hereby can play a significant role [1]. The POT
is a powerful tool for the study of gross and finer
shell structures in finite Fermi systems like nuclei,
metallic clusters and quantum dots. Such systems
are often well described phenomenologically by
mean fields with a diffuse surface region.

In this report, we study a general class of radial
power-law potentials V' (r)=U + W r* with three

constants U, W and o which approximate well the
shape of a Woods - Saxon potential in the bound
region. The advantage of this approach is a far-
reaching analytical POT derivation of trace formulae
using scaling transformations of the phase space
variables. The actions S =/#et (with period 7), and
the curvatures K oc1/¢ are easily found at e=1 at
the stationary points of L oc € (angular momentum)
for the particle motion along the p.o. as functions of
the scaled dimensionless energy goc E'*"* (E is
the energy of the particle). Their exact analytical
solutions were derived for ao=4 and 6. They are
close to the bifurcations at o =4.25 for the birth of
the star-like orbit from the twice repeated circle or-
bit, and at 7 for the triangular-like orbit arising from
the primitive circle. An enhancement of the shell
structure at the order of the large semiclassical pa-
rameter (£1)"” near these bifurcation points is found

in nice agreement with peaks in the Fourier trans-
form of the quantum level density, which exhibit the
quantum predictions of the semiclassical amplitudes
of contributions of periodic orbits to the trace for-
mula. Various limits (including the harmonic oscil-
lator potential and the spherical box) have also been
given analytically.

In the Figure, as an example in two dimensions,
we show a nice agreement of semiclassical and
quantum shell-corrections for the coarse-grained
level density g, (averaged over the energy with

two small Gaussian widthsy) and for the energy

shell correction 0L at o= 6. The comparison in the
bottom and center panels for y=0.2 shows the ba-
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Coarse-grained level density 8g, and energy shell cor-

rection OF vs. scaled energy € and particle number
variable N> for a=6. N=2 j deg (e) with
0

g,(¢) =g, +0g,, gy is the Thomas - Fermi compo-
nent. QM: quantum results using Strutinsky’s shell-

correction method; ISPM: semiclassical results using
the improved stationary-phase method [1].

sic gross-shell structure with a convergence of the
p.o. sum mainly at the dominating shortest one-
parametric families of diameters and star-like orbits.
The top panel demonstrates a nice agreement even
for a finer shell structure for which interferences of
contributions from these p.o.s with longer diameters
and several polygonal one-parametric orbit families
become important. The circular p.o.s are significant
too near the symmetry breaking (bifurcation) values
of o like 2, 4.25 and 7.0, or in the case of three di-
mensional radial power-law potentials (see also [2]).
1. A.G. Magner, LS. Yatsyshyn, K. Arita, and
M. Brack, Phys. Atom. Nucl, 74, 1445 ( 2011).
2. M. Brack, M. Ogren, A.Yu, and S.M. Reimann,
J. Phys. A: Math. Gen. 38, 9941 (2005).
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SEMICLASSICAL TRANSPORT THEORY
FOR A SLOW COLLECTIVE MOTION IN NUCLEI

J. P. Blocki', A.G. Magner’

! National Centre for Nuclear Research, Otwock, Poland
? Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

The nuclear collective dynamics can be described
mainly in terms of the motion of independent Fermi-
particles in a mean effective potential with sharp
time-dependent edges. The general Swiatecki&Stru-
tinsky macroscopic-microscopic theory is simplified
greatly to the analytical version by using the semi-
classical trajectory approach by Gutzwiller (the
periodic orbit theory, POT). Applying also the the-
ory of the nuclear response on the periodic external
field of the frequency ®, one may semiclassically
find the transport coefficients of the collective dy-
namics, such as the inertia B and friction y coeffi-

cients. They determine the mean time-dependent
energy rate<dE /dt>= B +yd’ +Cao for the
deformation parameter o(f)=acos(®t)[1]. Small-
amplitude slow vibrations of the nuclear radius
OR(1,0) oc Ra(t)P,[cos(0)] near the surface shape of
the equilibrium radius R can be considered in terms
of the Legendre polynomial P, (w/Q <1 with
Q=p,/mR, p. is the Fermi momentum and m is

the nucleon mass). In this report, the smooth semi-
classical transport coefficients were obtained ana-
lytically within the framework of the POT [2, 3].
The smooth semiclassical friction y and inertia B
are derived by using the Gutzwiller’s expansion of
the Green’s function over classical trajectories and
solving the symmetry breaking problem due to their

end disclosing. Finally, for the inertia one obtains

[31,

B = [dyBW)E,(v).
where B(y)= B, +B,(v), By is the consistent
extended Thomas - Fermi inertia kernel, B, (y)=
=(mR*(kR)’ /87[2)2 (sin’ pcosd[sin ¢ |/siny)M (AS/ 1),

k=p,/h. The sum is taken over the number of

sides v>2 and nonzero integer winding number
|wl<[v/2] of classical trajectories in the equilib-

rium spherical billiard. They connect the initial point
r, to the final point r, of the spherical surface,
O=bpp—W/2v, Opp, =mw/v, 0<y < is the an-
gle between vectors Iy and r,. The symmetry break-
ing problem is solved through the modulation factor

of the uniform approximation M(z)= 1-J, (\/; )
with the argument z=AS/%=kRcos($p,,) siny,

J, is the Bessel function. For the friction coefficient
kernel [2] one finds

Yo (W) =7,, D sin’ dcos¢ M(AS/h)/2vsiny,

where vy, is the wall formula.

Inertia parameter B in units of the irrotational flow inertia B,

kR\n 2 3 4 5 6 7 8 9 10
5 1.43 1.98 2.54 3.62 3.90 5.00 526 | 637 | 6.63
6 1.09 1.49 1.90 2.76 2.93 3.80 396 | 4.83 | 499
7 0.88 1.20 1.53 2.24 2.36 3.08 3.19 | 392 | 4.02
8 0.75 1.01 1.27 1.90 1.97 2.27 2.67 | 3.31 3.37
9 0.65 0.87 1.09 1.66 1.70 2.02 230 | 2.88 | 291
10 0.41 0.77 0.96 1.47 1.49 2.02 2.03 | 255 | 2.56
[1] 0.050 0.025 0.020 0.015
Table shows the inertia parameters B [3]. They one obtains much larger values without redefinitions
become much larger than the hydrodynamical irrota-  of [1].
tional-flow inertia B, for smaller kR ~ 4" and lar- 1. 5.9I§g;min and J.S. Randrup, Nucl. Phys. A289, 475

ger multipolarity n (A4 is the number of nucleons).
Other differences of the inertia parameters from
those of [1] are seen for the vibrations of the even n:
the finite kR dependence was obtained without re-
definitions of the divergent expressions. For odd n

2. J.P. Blocki, A.G. Magner, and 1.S. Yatsyshyn, Int. J.
Mod. Phys. E 21, 1250034 (2012).

3. J.P.Blocki and A.G. Magner, Physica Scripta T, ac-
cepted for the publication, 2013.
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NUCLEAR ASYMMETRY ENERGY AND ISOVECTOR GIANT DIPOLE RESONANCES
J. P. Blocki', A.G. Magnerz, P. Ring3, A. A. Vlasenko™

! National Centre for Nuclear Research, Otwock, Poland
? Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
3 Technical Munich University, Garching, Germany
* Institute of Physics and Technology, The National Technical University of Ukraine “Kyiv Polytechnic Institute”, Kyiv

The properties of exotic nuclei with a large neu-
tron excess can be studied analytically by using the
effective surface approximation (ES) [1 - 4] within
the energy density functional approach. The nuclear
energy is determined by the energy density
E(p,,p_) as a functional of the isoscalar and iso-

vector densitiesp, =p, £p,, where p, andp, are

the neutron and proton densities,

gx}’m(er’p—) ~ _pr+ +J[2 p+ +p+(8+ _8—)+

+(C.+Dp, ) (Vp.) + (C+Dp)(Vp ). (1)

Here, b, ~16 MeV is the energy per particle,
J=30 MeV is the volume symmetry energy con-
stant, &, ~K(p, —p)’/18p>, K = 220 - 260 MeV

the incompressibility and p=3/4n7; ~0.16 fm ™ is

the density of  the nuclear matter,
e =JI*-p’/p>),I=(N-Z)/ A with A=N+Z
nucleons in the nucleus. For the nuclear surface
symmetry energy one obtains E =k > S/ (4nry),

where kg ocpC_/(ra)is the surface symmetry en-

ergy constant, a = [CjK / (30bﬁ )]1/2 ~ 0.5 -0.6 fm

is the diffuseness parameter much smaller than the
ES radius R and S the surface area. In this report
we present [3, 4] the results of calculations of the

symmetry energy coefficients &, as functions of the
key isovector Skyrme force constant C_ and spin-
orbit one B=D,p/C, in the gradient terms of (1)
within the ES approximation [1 - 4] (see Table).

The isovector energy &, and IVGDR energies and sum rules for several Skyrme forces

SkM* SGII RATP T6 SkI3 SkI5 SLy5 SLy7

C_MeVim® -4.79 -0.94 13.9 0 12.6 20.8 -22.8 -134

p -0.64 -0.54 -0.52 -0.45 -0.65 -0.65 -0.58 -0.65

kg, MeV -0.77 -0.21 1.42 0 4.88 14.6 -6.96 -6.32
E,,MeV 18;15; 15 | 18;15;13 | 21;17; 15 | 21, 17; 15 26;21; 18 17;16;19 | 22;18;15 | 22;18;15
S), % 99;99;99 | 99;99;99 | 93;94; 90 100 96; 96; 94 89;94;85 | 78;81;77 | 80;89; 88
E,, MeV 12;16; 14 | 12;16; 14 | 13;11;15 | 14;11; 10 19; 15; 13 18;9; 13 15;13; 11 | 16;13;12
S, , % 1;1;1 1;1;1 7;6; 10 0 4;4;6 11;6; 15 22;19;23 | 20;11;12
D, MeV 74;75; 88 | 75;76; 77 | 83;84;87 | 86;88;88 | 104;105; 106 | 69;77;107 | 85;86;84 | 86; 89; 89

The coefficients k; depend much on C_ for dif-
ferent Skyrme forces. We show also the isovector
giant dipole resonance (IVGDR) energies E, and

sum rules S, with n=1 for the major peak of the

strength function and n =2 for the satellite [VGDR
one within the Fermi-liquid droplet model (FLDM)
[5]. The macroscopic boundary conditions to the
kinetic Landau - Vlasov equation in the FLDM de-

pend on kg through the isovector capillary pressure
8P, oc k I°pA" cos® for the ES radius IVGDR vi-

brations 6R o« Rcos0 . The three numbers divided by
semicolon correspond to the results for iso-
topes ®Ni: "2Sn:* Pb. The mean IVGDR ener-
gies E=D/A"” are in fair agreement with the experi-
mental data. For some Skyrme forces one finds the

HIOPIYHUK - 2012

satellites with smaller EWSRs S_2 and energies E 2
with respect to the main IVGDR peaks, for instance
for the resonances FE, =18 and E,=10 MeV

in"*?Sn . We found the satellite IVGDR energies and
energy weighted sum rules to depend in a more sen-
sitive way on the value of kg as compared to the

averaged characteristics of the main peaks.

1. V.M. Strutinsky, A.G. Magner, and V.Yu. Denisov, Z.
Phys. A322, 149 (1985).

2. A.G. Magner, A.l. Sanzhur, and A.M. Gzhebinsky,
Int. J. Mod. Phys. E18, 885 (2009).

3. J.P. Blocki, A.G. Magner, and A.A. Vlasenko, Nucl.
Phys. At. Energy, 13, 333 (2012).

4. J.P. Blocki, A.G. Magner, P. Ring, and A.A. Vlasen-
ko, arXiv : 1301.5749v1 [nucl-th] (2013).

5. V.M. Kolomietz, A.G. Magner, and S. Shlomo, Phys.
Rev. C73, 024312 (2006).
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We define the shape of rotating nuclei using Stru-
tinsky’s prescription developed in [1]. Like in [2]
and our earlier works [3-5] we consider a deformed
rotating liquid-drop (RLD) with uniform mass and
charge distribution. For a given shape the energy of
a rotating charged drop is the sum of the surface,
Coulomb and rotational energies, Erp = Eqpr +
+ EC()ul + Erot-

The rotational energy is taken here as the square of
the angular momentum divided by twice the rigid-
body moment of inertia. The energy of the rotating
liquid-drop Bg.p measured with respect to the energy
of the corresponding sphere and expressed in units of
the surface energy of the spherical system, is then [2]:

BRLD Z(Bsurf - 1) + ZxLD (BCou/ - 1) + Y (Brot - 1) 5 (1)

where x;p is the fissility parameter of the liquid-drop
and the parameter y;p is the ratio of rotational en-
ergy to the surface energy at the spherical shape.

The quantities By,,; Bcow and B, are the ratios of
the surface, Coulomb and rotational energies relative
to their value at a sphere.

For axially symmetric nuclei the shape can be ob-
tained by the rotation of some profile function p(z)

around the z-axis. Following [1] definep(z) by the

minimization of the energy (2) with respect to the
variation of the profile function p(z) under con-

straint that the volume of the drop is fixed,
8(Byp -\ V)op=0. 2)

In order to take into account the axial symmetry
of the nuclear shape it was suggested in [5] to factor-
ize z- and ¢ -dependence of the profile function by

the following Ansatz:

P (z.0)=¢(2)y1-1 (2) /[1+1(2) Cos(29)] . (3)

In [6] it was demonstrated that axially symmetric
light nuclei become unstable with respect to mass
asymmetric deformations at the angular velocity
comparable with the critical value at which the fis-
sion barrier disappears.

The nonaxial nuclei become unstable with re-
spect to mass asymmetric deformations at smaller

velocities, y,, # 0.15 for 0.25<x,, <0.4.

LD —

In the Figure we show the deformation energy (1)
for the nucleus **Ni. As one can see, the account of
axial asymmetry changes considerably the moment
of inertia and, consequently, the calculated rotational
spectra.

LS N R BB LR B R 2'2_""I""I""I""I""
**Ni, x ,=0.285 *Ni, x,,=0.285

crity | |

-0,2 -0,1 0,0 0,1 0,2 0 10 20 30 40 50

z,.-(2,+2,)/2] I R, Lin

The energy (1) of the axially symmetric (solid) and
asymmetric (dash) rotating nucleus **Ni as function of
mass asymmetry (the displacement of the center of mass
z., from the centre of the nucleus (z;+z,)/2) for few values
of the angular moment indicated in the Figure. The lines
corresponding to the same angular momentum are joint by
the arrows (Left). Rigid-body moment of inertia J, (in
units of the moment of inertia at spherical shape) of **Ni
as function of the angular moment for the axially symmet-
ric (solid) and asymmetric (dash) shape of equilibrium
(Right).

One should note that at the critical value of the
angular momentum, at which the rotating drop be-
comes unstable with respect to left-right asymmetry,
the deformation energy is very flat as a function of
the mass asymmetry. In such cases the equilibrium
shape will be very sensitive to the shell correction to
the deformation energy.

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

2. S. Cohen, F. Plasil, and W. J. Swiatecki, Ann. Phys.

(N.Y.) 82, 557 (1974).

F. Ivanyuk, Int. J. Mod. Phys. E18, 130 (2009).

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

5. F.lIvanyuk, K. Pomorski and J. Bartel, Int. J. Mod.
Phys. E21, 1250032 (2012).

6. F.Ivanyuk and K. Pomorski, Physica Scripta, in print.
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BJIUSAHUE 3KPAHUPOBAHUS HA BEPOATHOCTHb MOHU3ALIUU ATOMA
NPU AHHUTWISIMA MO3UTPOHOB, HCIIYUIEHHBIX B MPOLIECCE B'-PACIIAJIA

C. H. ®enorknn

Hnemumym soepuvix uccnedosanuti HAH Yrpaunvl, Kues

B pabote [1] Ob1 paccMOTpeH MpoLecc aHHUTH-
JALMK TIO3MTPOHA, MCIYIEHHOTo TpK 3’ -pacmhae, ¢
K-anextponom nodepHero atoma, ¢ rnepenadeit yac-
TU 3HEPruu apyromy s-3iektpony u3 K, L, M umu N
000109eK (COOTBETCTBYIOIIME KBAHTOBBIE YHCIIA
n=1, 2,3, 4), B pe3yabTaTe 4Yero OH MOKHUJACT aTOM.
J11 BOMHOBBIX (DYHKITHIT aTOMHBIX 3IIEKTPOHOB HC-
[OJIb30BAINCh BOJIOPOAONOA00HbIe (yHKIMU. Of-
HAaKO JUIS TIOCTATOYHO YJaJIeHHBIX 000JOYeK Cyliie-
CTBEHHYIO DOJIb HIPaeT B3aMMOJCHCTBUE MEXIY
JJIEKTPOHAMH B aTOMe, KOTOpOE B HACTOSIIEH pado-
T€ YYHUTHIBaETCS MyTeM BBeAeHUS 3(PPeKTUBHBIX
3apsioB C TOMOIIbIO HPUOTIKEHHOTO METOJa,
mpemoxerHoro Crnerepom [2]. Kpome Toro, 6omnee
KOPPEKTHO ONHCHIBAETCS KOHEYHOE COCTOSHHUE
JJIEKTPOHA, TOKUHYBILErO aToM, KOTOpOE paHee
paccMaTpuBalioch B OOpHOBCKOM TpuOmmkernn. C
3TOM 1IEJBIO MIPU BBIYMCIIEHUU TOJHON BEPOSITHOCTH
mpolecca UCIoNIb30BaH QakTop 3oMmMmepdenbaa
@, (e), MpUONIKEHHO KOPPEKTUPYIOMUH IMOBee-

HUE BOJHOBOM (DYHKIIMM NPH MaJBIX JHEPTUAX &
BBUIETAIOIIETO JIEKTPOHA.

Ha pucynke mnpeacraBieHa COOTBETCTBYIOIIAs
muarpamma Oerinmana. 3neck [/ U F - HadalbHOE U

KOHCYHOC COCTOsIHMA s4pa, €, U €, - aTOMHBIC

JNEKTPOHBI; V - HEHTPHHO; « - DHEPIHs, mepena-
BaeMas B pe3yibTaTe AHHUTWIALWM IO3WTPOHA W
1S -371eKTpOHA 3JEKTPOHY N-00O0JOYKH; €, - DIIeK-
TPOH, BbUIETAIOMINK B HENPEPHIBHBIN criekTp. OTMme-
THM, YTO BOJHOBBIC (DYHKIIMU BCEX YYACTBYIOLIUX B
IIPOLIECCE IEKTPOHOB €, B OTIMYHUE OT padboThI [1]
paccUUTHIBAINCh B IIOJIE C COOTBETCTBYIOLIUM (-
(bexTuBHBIM 3apsiioM Z, . B aToMm noxaxone nomyde-

HbI BBIPAXKCHUA HJISI BEPOATHOCTHU VVBJr K.n

aAHHWTH-
JALIMU UCIYIIEHHOTo mpy B'-pacmaje MO3HTPOHA C
K-anextporom podepHero atoMa W BBIOWBAaHWHU U3
ATOMHOM OOOJIOYKH C KBAaHTOBBLIM YHCIOM 1N

+ 45 e
S-3JICKTpPOHA. B cirydac B -pacnazaa Ti oTHOIIEHUS

W+
. B*K.n
BCPOATHOCTCH Rl’l =——— pPaBHBIL
BTK,1
R,~0,324, R;~0,114, R,;=~0,012.

B cmygae, xorzia He yYUTHIBAeTCS SKPAaHUPYIOIIEe
JICHCTBHE aTOMHBIX DJICKTPOHOB U HCIOIB3yETCs

HIOPIYHUK - 2012

MPUOJIMKEHUE TUIOCKUX BOJH JUIS BOJHOBOW (DyHK-
UM BBIOUTOTO M3 aToMa BIIEKTPOHA JUIS COOTBETCT-
BYIOLIMX OTHoWIeHuil R, (n = 2, 3, 4) panee Obln

nosry4deHsl Takue orenku: 0,17; 0,057; 0,025 [1].

€

ns

1S

vy

JlmarpamMma, ONHMCHIBAONIAs AaHHUTHIISIMIO TIO3UTPOHA C
9JEKTPOHOM 1S € HEepeAadeil 3HEepPruu @ APYroMy dJIeK-
TPOHY 7S .

Eciu ke y4uThIBaTh TOJBKO 3KPaHUPOBAHHUE, HO
UCTIOJh30BaTh OOPHOBCKOE MPUOIIMKECHHE, TO TIOTY-
yarortceda caeayoomue pesynstatel: 0,18; 0,059; 0,01.
CrieroBaTeNbHO, y4YeT JKPAHHUPYIOMIETO BIIHSHUS
AJICKTPOHOB HAa OTHOIICHHUS BEPOATHOCTEH OYCHBb
cj1a00 3aMeTeH 1J1g 000JI04eK ¢ n = 2, 3 U CTAHOBHT-
Cs CYNIECTBEHHBIM JIMIIG i n = 4. Eciu y4uThI-
BaTh TaK)KE M TONPaBKU K OOPHOBCKOMY MPHOIIIIKeE-
HHUIO, TO OTHOILIEHUS BEpOSITHOCTEH mnst n = 2, 3
CHUJIBHO YBEJIMYHMBAIOTCS, a i1 N = 4 3aMETHO
yMeHbINATCA. TakuM 00pa3oM, Uil PacCMOTPEH-
HBIX MPOIECCOB YYET SKPAaHUPOBAHUS BAXKEH TOJIBKO
st N 000JI0YKH, a BBIXOJ] 32 PaMKH OOPHOBCKOTO
MPUOIMKEHUST UIPaeT CYIUICCTBEHHYIO POJb IS
BCEX 000JI0UEK.

1. C.H. ®enorkuH, SnepHa ¢izuka ta eHeprernka 12,
335 (2011).

2. CO.®pum, Onmuyeckue  cnexmpol
(®usmatrus, Mocksa, 1963), c. 197.
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NUCLEAR EXCITATION BY ELECTRON TRANSITION

A. Ya. Dzyublik

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

We considered all stages of the nuclear excitation
at electron transition (NEET), induced by x-ray pho-
tons. The x-ray photons first ionize the inner atomic
shell, then an electron from an upper shell fills the
vacancy and transfers its energy via virtual photons
to the nucleus, afterwards there occurs quick relaxa-
tion of the atomic electrons accompanied by much
more slow nuclear deexcitation. This resonant effect
is realized if the atomic and nuclear transitions are
well matched and have the same multipolarity.
NEET has been already observed in a number of
nuclei. The most precise NEET measurements have
been performed by Kishimoto et al. [1] on the nu-
cleus "’Au, by scanning the energy of incident x-ray
photons near the K-absorption edge. They found that
the NEET edge is shifted with respect to the K-
absorption edge by 40 £ 2 eV and is much steeper.
Besides, they observed small oscillations of the
NEET curve with increasing energy of the x-ray
photons.

Previously the NEET process was only treated in
the second order of the quantum electrodynamics
[2]. For its description near the NEET edge such
approach has been modified in [3]. However, this
theory had some inconsistencies. Therefore more
strict approach to the NEET, based on the collision
theory, has been done in [4].

And now for analysis of all NEET stages we de-
veloped a modified version of the collision theory,
combining equations of standard collision theory
and quantum electrodynamics, which employs a
concept of the expanded Hilbert space, developed in
[5]. We took into account that the system (nucleus +
atomic electrons) has two overlapping resonant lev-
els. Namely, the first, corresponding to the atom
with a hole in the K-orbit, and the second, corre-
sponding to the hole in the upper atomic level to-
gether with the excited nucleus. Such approach al-
lowed us to explain all findings of Kishimoto at al.
[1]. In particular, we found that the NEET edge is
shifted by 40 £ 2 eV with respect to the K-
absorption edge if the mismatch of the nuclear and
atomic transition energies & = 44.5 + 2 eV. This
number better correlates with last measurements of
the excitation energy of '""’Au [6], according to

which 6 = 39.5 + 3 eV, than with the value 6 = 51
eV, which follows from standard tables.

General expression for the NEET cross section
has been represented as an integral, depending on
the ionization cross section. Neglecting dependence
of the ionization cross section on the energy of the
emitted photoelectron, we calculated the widths
of the NEET and the K-absorption edges I'nger =
=17.8 eV and I',ps= 55.5 eV. Thse results agree with
the corresponding experimental data 14.9 eV and
58.3 eV [1]. Moreover, we took into account the
EXAFS oscillations of the ionization cross section,
caused by the interference of coherently scattered
photo-electron waves inside the crystal. Doing so,
we reproduced small oscillations of the NEET curve
observed in [1].

We analyzed also the NEET in '"*Hf™ as possi-
ble explanation of photo-induced triggering of this
31-year isomer 16", observed by Collins et al. [7].
We assumed that the incident x-ray photon ionizes
the Ls shell, and then the electron from the Ms orbit
fills this vacancy transferring its energy by El tran-
sition to the nucleus "*Hf™, which makes then tran-
sition from the 16" isomeric level to an intermediate
level 15°. The NEET probability in this case occurs
to be lower than the experimental data by one order.
If the nucleus in the intermediate state attributes a
triaxial shape and there exists yet a lower-lying 13°
level of the rotational band with K < 8, spaced from
the 157 level by 400 keV, then the de-excitation of
the 15 is shown to be possible bypassing the iso-
meric states 16" and 8 of the hafnium. Therefore
there are no principle objections against findings of
Collins et al.

1. S.Kishimoto et al, Phys. Rev. C74, 031301(R)
(20006).

E.V. Tkalya, Phys. Rev. A75, 022509 (2007).

E.V. Tkalya, Phys. Rev. C68, 064611 (2003).

A.Ya. Dzyublik, JETP Letters 93, 489 (2011).

A.Ya. Dzyublik, Teor. Mat. Fyz. 102, 120 (1992).

V. Kirischuk et al., EPL 97, 32001 (2012).

C.B. Collins et al, Rad. Phys. and Chem. 71, 619
(2004).
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ABOUT THE RENORMALIZATION OF WEAK INTERACTION CONSTANTS
IN NUCLEI

A. A. Kurteva

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

The beta-transitions to the ground and excited
states of nuclei were considered as one-particle in
various models, including the deformed atomic nu-
cleus [1], nonaxial deformed nucleus [2], one-
particle and many-particle shell models [3, 4]. Only
the contributions of one-phonon configurations to
the wave functions were taken into account in qua-
siparticle-phonon [5] and microscopic quasiparticle-
phonon models [6]. The probabilities of intensive
beta-transitions for some nuclei calculated in these
models differed from the experimental one about
two orders of magnitude.

On the basis of dynamic collective model (DCM)
we have elaborated the method for calculation of the
reduced probabilities of beta transitions to the ex-
cited states of odd nuclei with the account of qua-
siparticle and multi-phonon (up to 10 phonons)
states, Pauli's principle and vacuum fluctuations
between collective and one-quasiparticle freedom
degrees [7]. Renormalization of weak interaction
constants for nuclei from area A = 100, defined in
work [7] from systematization of experimental data,
have been taken as a base of studying of the role of
structural effects on [ decay of odd nuclei:

{&} -0 343{&} _
8 Vv g V' dfiee

About 30 years it was supposed that renormaliza-
tion of weak interaction constants in nuclei is caused
by influence of Fermi and Gamow - Teller reso-
nances. Therefore it can be different for various
nuclei due to strong difference of Fermi surfaces in
them.

The calculations carried out in DCM for nuclei
with 31 <A <231 have shown, that in cases of satis-

[IOPIUHUK - 2012

factory description of spectrum and spectroscopic
characteristics of daughter nuclei a good descrip-
tion of nuclei B decay with the same renormaliza-

tion of weak interaction constants turns out. The
calculated probabilities with intensity > 10 % dif-
fered from experimental one by 0,02 - 0,4 order of
magnitude. Modern experimental data on the
"Sb— ""'Sn B decay, received by means of the

detector of full absorption, differ from older one.
Therefore divergences of results of calculations with
experiment in some nuclei can be caused inaccurate
experimental data.

Hence, the renormalization of weak interaction
constants does not depend of Fermi surface of nu-
clei, so and from Fermi and Gamow - Teller reso-
nances. This fact leads us to the conclusion that the
reason of renormalization of weak interaction con-
stants in nuclei is necessary to search in non nucleon
degrees of freedom which, probably, are opened
since some value of mass number and further do not
depend on it.

1. A.Bohr and B.R.Mottelson, Nuclear Structure,
Vol. 1 (Benjamin, New York, 1969).

2. LE. Kashuba and V.I. Ovcharenko, Ukr. Fiz. Zh. 17,
No. 2, 315 (1972).

3. K. Takahashi, G.J. Mathews, and S.D. Bloom, Phys.
Rev. C33, 296 (1986).

4. L. Weissman, A. Andreyev, B. Bruyneel et al., Phys.
Rev. C59, 2004 (1999).

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

6. J. Toivanen and J. Suhonen, Phys. Rev. C57, No. 3,
1237 (1998).

7. LN. Vishnevskii, A.A. Kurteva, V.E. Mitroshin et al.,
Yad. Fiz. 57, No. 1, 17 (1994).
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THE MULTI-DIMENSIONAL MODEL OF CLUSTER DECAY *Cm—2PB + *Si

V. Yu. Denisov

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

The cluster decay **Cm— *®Pb + *Si is consid-
ered in the framework of the multi-dimensional clus-
ter preformation model.

The macroscopic potential energy surface related
to interaction between the cluster and the residue
nucleus is evaluated in the framework of the non-
local h* extended Thomas - Fermi approach with
Skyrme and Coulomb forces (Fig. 1).

il

15 R(fm) 18
Fig. 1. The macroscopic potential energy surface for sys-
tem “Pb + **Si. Here R is the distance between nuclei
and ¢ is the parameter described the ellipsoidal deforma-
tion of each nucleus. For spherical nuclei ¢ = 0.

0 3 6 9 12

The shell-corrections to the macroscopic poten-
tial energy are also taken into account. The micro-
macro potential energy surface for this system is
presented in Fig. 2.

Comparing the maps for macroscopic and total
(macro-micro) potentials in Figs. 1 and 2 we see
drastic changes induced mainly by the shell-
correction of **Pb on the potential landscape.

" @

6 9 2 15 R(fm) 18
Fig. 2. The micro-macro potential energy surface for sys-
tem “*Pb + **Si. The notations are the same as in Fig. 1.

The heights of saddle points related to deformed
nuclei are lower than the height of barrier between
the spherical cluster and residue nucleus, see Fig. 2.
Therefore the dynamical deformations of nuclei
increase the barrier penetrability and reduce the half-
life of cluster decay. The dynamical surface defor-
mations of both the cluster and the residue nucleus
are taken into account at the barrier penetration
process in the framework of the multi-dimensional
cluster preformation model.

The shell correction contribution into the poten-
tial between cluster and residue nucleus is important
for both the potential landscape and the half-life
evaluation.

The experimental value of cluster decay half-life
is described in the model.
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CAPTURE CROSS SECTIONS FOR HEAVY-ION REACTIONS
PRODUCING COMPOUND SYSTEM WITH Z =120

V. Yu. Denisov, N. A. Pilipenko

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

Superheavy elements with Z = 112 - 118 have
been synthesized in Dubna by using hot fusion
reactions “®Ca+ X, where X is the transuranium
element. However, it is impossible to use **Ca beam
for the synthesis of more heavy elements, because
the elements with Z > 98 are not available for
experiments. So, it is necessary to search other
reactions for the synthesis of elements with Z > 118.

Taking into account the long time and complexity
of experiment on the synthesis of superheavy
elements it is very useful to estimate the capture
cross sections for various collision systems leading
to superheavy elements with Z > 118. The capture is
the first stage of superheavy element production
reaction and, therefore, has strong impact on the
total reaction cross section.

In previous papers [1, 2], we have proposed a
relatively simple and accurate method of calculating
the potential interaction between arbitrary oriented,
deformed nuclei and their capture cross sections.

Using proposed method we evaluate the fusion
cross section o(E) values for reaction *°Ti + **Cf,

*Cr+Cm, ®Fe +2*Pu and *Ni+?*U. These
reactions are considered as potential candidates for
the synthesis of element Z = 120.

We use reaction **Ca + ***Pu to determine coeffi-
cient # in the nucleus-nucleus potential

V(R,1,0,,0,,0)=V.(R,0,,0,0)+
NPy (R, ©,,0,,0)+V/(R).

This parameter is used for adjusting the potential at
energies higher than the barrier height. The experi-
mental data for this reaction take from Ref. [3].

The cross sections calculated with allowance for
the second-order terms in the quadrupole and hexa-
decapole deformations of the ***Pu and 5 = 0.896
agree well with experimental data, see solid line in
the Figure.

The capture cross section for heavy systems is
strongly depends from hexadecapole deformation at
sub-barrier energies [2]. Deformations of nuclei
presented in table, and were taken from [4] for quad-
rupole and [5] for hexadecapole deformations.

During formation the superheavy nuclei the neu-
trons are evaporated from formed excited com-
pound-nucleus in competition to the fission of the

[IOPIUHUK - 2012

compound nucleus. If the capture cross-section val-
ues are reasonably high for the small excitation en-
ergies of the compound nucleus, or corresponding
collision energies, than the formation of the super-
heavy nuclei is probable. Therefore the value of
capture cross-section should be relatively high
around the thresholds of 3 - 5 neutrons for expect-
able formation of superheavy elements.
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Fusion cross-section, Q reaction (the most left sign) and
thresholds for evaporation of 1 — 6 neutrons (dots) for
reactions: —— ¥ *¥Ca+ 244Pu; ------ + 0T + 249Cf;
A%y 248Cm; o «5¥Fe + 244Pu;

Comparing the values of capture cross-section
around thresholds of 3 - 5 neutrons in the Figure we
conclude that the most promising reactions for
synthesis element with Z = 120 are *°Ti + **’Cf and
*Cr + **Cm. These reactions are similar to reaction
*Ca + **Pu and they have reasonably high capture
cross section at energies close to emissions 3 - 5
neutrons from the compound nucleus, see Figure.

1. V.Yu. Denisov, N.A. Pilipenko,
014602 (2007).

2. V.Yu. Denisov, N.A. Pilipenko, Phys. of At. Nucl. 73,
1152 (2010).

3. M.G. Itkis et al., in Proc. Int. Workshop on Fusion
Dynamics at the Extremes (Dubna, 2000).

4. http://cdfe.sinp.msu.ru/services/radchart/radmain.htm

5. P. Moller and J.R. Nix, Atomic Data and Nuclear Data
Tables 59, 185 (1995).

Phys. Rev. C76,
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INFLUENCE OF ANTISYMMETRIZATION AND POLARIZATION
ON NUCLEUS-NUCLEUS INTERACTION POTENTIAL

V. A. Nesterov

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

Knowledge of nuclear interaction potential is ve-
ry important for calculation of various nuclear reac-
tion characteristics. Nuclear interaction energy con-
sists of the Coulomb repulsion and much less known
nuclear interaction of the nucleons in nuclei. The
interaction potential can be presented in the form

V(R)= VCOUL (R)+ VN (R)+ VROT (R),

where Veour(R), Vi(R) and Vior(R) are, respectively,
the Coulomb, nuclear and rotational contributions to
the potential, R is the distance between centers of
nuclei.

The essential problem of the nuclear part of in-
teraction is the accounting of Pauli principle for
nucleons located in interacting nuclei. Assessing the
influence of antisymmetrization for nucleus-nucleus
potential is carried out for '°O + '°O or *Ca + *’Ca
systems using the density-dependent Skyrme forces
[1] in the two-centre shell model [2]. The nuclear
part of interaction potential in the framework of the
energy density approach is determined as the differ-
ence between the binding energies of two nuclei at
finite (E£,,(R)) and infinite ( £, + E,) distances be-

tween them, i.e.
VN(R) = Elz(R) - E1 _Ez .

The binding energy of nuclear system is related
to the energy density functional g[p,(r),p,(r)],

where pi2),(7 ) and py),(7 ) are the radial depend-
encies of neutron and proton densities in the corre-
sponding nuclei.

Nucleon density is considered by two various
ways, with and without taking into account anti-
symmetrization between nucleons of two interacting
nuclei.

The potentials for '°0 + '°O or **Ca + *Ca sys-
tems for various versions of calculations are pre-
sented in Figs. 1 and 2. Comparing results in Fig. 1
we conclude that the exact accounting of a Pauli
principle drastically changes the behavior of nu-
cleus-nucleus interaction potential leading to strong
repulsion at small distances, when the densities of
interacting nuclei are well overlapped. Polarization
phenomena have very significant impact on nuclear-
nuclear interaction potential (see Fig. 2). Therefore
both phenomena are important for realistic

evaluation of interaction potential between two

nuclei especially at low energy.

V, MeV
50

-50 —| ’
-100 — ’/
-150 —
-200 —

-250 — s

-300 +——— 17— 17—

Fig. 1. Interaction potentials of '°O + '®O nuclei
calculated within the framework of two-center
shell model without taking into account antisym-
metrization (Vyex) and with full antisymmetriza-
tion (Vgx) of nucleons.
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Fig. 2. Interaction potential for *°Ca + *’Ca system
with (Vpor) and without (Vpor) taking into
account monopole polarization.

1. M. Brack, C. Guet, H.-B. Hakanson, Phys. Rep. 123,
275 (1985).
2. D.L. Brink, FL., Nucl. Phys. A243, 175 (1975).

20 IHCTUTYT AJEPHUX JOCJIPKEHb HAH YKPATHU



SANEPHA ®I3NKA

INTERACTION OF DEUTERONS WITH LIGHT o-CLUSTER NUCLEI

Yu. A. Berezhnoy', D. V. Fedorchenko’, V. P. Mikhailyuk®, V. V. Pilipenko®

"'V.N. Karazin Kharkiv National University, Kharkiv
? National Science Center “Kharkiv Institute of Physics and Technology”, Kharkiv
3 Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

Deuteron being the simplest composite nucleus is
a subject of numerous theoretical investigations. The
deuteron-nucleus interaction leads to a greater vari-
ety of final channels than in point-particle scattering
and is an important source of information about the
mechanisms of various nuclear reactions, which can
serve for studying both the internal structure of
loosely bound particles and the interaction of these
particles with nuclei.

Here the differential cross-sections and analyzing
powers for the elastic scattering of 400 and
700 MeV deuterons by '*C and '°O nuclei are calcu-
lated. Calculations are based on a-cluster model with
dispersion for the target nuclei in conjunction with
the multiple diffraction scattering theory in the
“point like deuteron” approximation. Within this
approach deuteron scattering amplitude is con-
structed from individual d-a scattering amplitudes.
Individual amplitude parameters result from fitting
the experimental d - /90 scattering data.

Also the same observables are calculated within
the three-cluster n + p + A diffraction approximation
with account for the internal deuteron structure.
Here we use the individual nucleon scattering ampli-
tudes for '>C and '°O nuclei obtained earlier within
the same a-cluster model with dispersion. This ap-
proach requires no parameter fitting.

The results of these calculations at 700 MeV are
given on the Figure. Here solid curves are calculated
within the three-cluster n + p + A diffraction ap-
proximation [1], and dashed curves — in the “point
like deuteron” approximation.

[IOPIUHUK - 2012

As can be seen from Figure, the calculated ob-
servables are in agreement with existing experimen-
tal data for both approaches.

d-""C E,;=700 MeV d-"0 E,;=700 MeV/

do / d (mb / sr)

Differential cross-sections do/dQ (mb/sr) and analy-
zing powers A,, A4,, for the elastic deuteron scattering
from '2C and '°O nuclei at 700 MeV. The experimental
data are taken from [2].

1. Yu.A.Berezhnoy,  D.V. Fedorchenko,  V.P. Mi-
khailyuk, and V.V.Pilipenko, Eur. Phys. J. A484
(2012).

2. Nguyen Van Sen, Ye Yanlin, J. Arvieux ef al., Nucl.
Phys. A464, 717 (1987).
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REACTION "“C(d, pn) ?)C AT 56 MeV IN THE DIFFRACTION APPROXIMATION

V. V. Davydovskyy, A.D. Foursat

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

Investigation of the deuteron breakup reaction on
nuclei gives information on the mechanism of the
reaction as well as the nature of the interaction of
complex particles with nuclei. Theoretical studies of
the reaction developed in two ways: using the me-
thod of distorted waves and in the diffraction model.
Taking the Coulomb interaction into account is es-
sential.

The diffraction theory of the interaction of com-
plex particles with nuclei suggests that each nucleon,
which forms the deuteron, being scattered by a force
center, leads to a phase shift associated only with the
transfer of transverse momentum. This assumption is
valid for deuteron elastic scattering at small angles.
In the inelastic breakup process, the longitudinal
momentum is transferred to the deuteron’s nucleon
as well. This fact leads to the incoherence of the
breakup process and as a consequence it cannot be
described by a profile function corresponding to the
elastic scattering [1]. Therefore, it is interesting to
consider the process of the deuteron breakup in the
diffraction approximation taking into account both
the longitudinal Q. and transverse Q, components

of the transferred momentum, which is the main
purpose of the work.
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Energy spectrum of protons in '*C(d, pn)'>C reaction at
56 MeV. Filled circles represent the experiment [2]; dot-
ted line shows contribution of the Coulomb amplitude (2)
only; solid line is our full calculation; dashed line is full
calculation with longitudinal momentum transfer effects
neglected.

The available experimental data [2] on the deu-
teron breakup by nuclei, when the deuteron breakup
products are emitted at zero angles relatively to the

momentum of the deuteron, allow a detailed com-
parison between theory and experiment. Numerical
calculations are carried out for the carbon nucleus at
56 MeV.

Following the technique described in [1], we get
the amplitude of (d, np) reaction as a sum of two
terms, responsible for the Coulomb and nuclear-
Coulomb breakups:

F(Q,p) = % j d*Bexp(iQ B)x

xjd3r@;(r)Q(B,r)(po(r):E,+FNC. (1)

After some considerations, it is possible to
represent the Coulomb breakup amplitude,
introduced in (1), as a product of three terms:

FQp)=2f (Q,%)F(Q)G(Q,p) )

For the amplitude of the nuclear-Coulomb
breakup, we take three first terms of its expansion
into series in the small parameter, which in this case
is a ratio of the deuteron and target nucleus radii:

F(Qp)= F(Q.p). )

The integration in the amplitudes is carried out nu-
merically with the profile function chosen in the
Fermi form with the real volume and the imaginary
surface parts.

The Figure shows the results of our calculations
of the energy spectrum of protons. The effect of O,

is noticeable, although small. In the region of the
spectrum £, ~ E,, the curves coincide and the effect

disappears, which is clearly explained by the specif-
ics of the experiment kinematics. At the wings of the
spectrum, the energies of the nucleons are signifi-
cantly different and the effect is considerable. At
higher energies, the role of the effects related to the
Q. transfer, especially in the asymmetric geometry,

should increase.

1. E.B.JleBmun, A.JI. dypca, D 24, 1115 (1976).
2. H. Okamura, S. Hatori, N. Matsuoka et al., Phys. Lett.
B325, 308 (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 new model of the bremsstrahlung emission
which accompanies proton decay and collisions of
protons off nuclei in the energy region from the
lowest up to intermediate has been developed [1].
This model includes spin formalism, potential ap-
proach for description of interaction between pro-
tons and nuclei, and operator of emission includes
the component of magnetic emission (defined on the
basis of Pauli equation). In the problem of the
bremsstrahlung during the proton decay in the first
time a role of the magnetic emission is studied using
such a model. For such investigations the '“**Tm
nucleus is chosen. We obtain the following:

1. Inside energy region from 50 up to 300 keV
the magnetic emission gives contribution about 28
percents into the full spectrum. The magnetic com-
ponent suppresses full emission probability (inclu-
sion of the magnetic component into calculations is
determined by P./Pg; = 1.14). This effect is ex-
plained by presence of not small destructive interfer-
ence between the electric and magnetic components.

2. With increasing of angle between the outgoing
proton and emitted photon the electric and magnetic
components increase proportionally.

3. The magnetic component dPp,,; (r) is depend-
ent on distance » between centers-of-masses of the
proton and daughter nucleus similarly as the electric
component dP, (r). In the external region both com-
ponents oscillate, in the tunneling region they have
monotonous shapes. The magnetic emission sup-
presses the full emission. The emission from the
internal region up to the barrier is the smallest, from
the external region — the strongest.

4. At decreasing of the photon energy up to zero,
the probability increases slowly up to finite maxi-
mum (at photon energy less 1.5 keV), then it mo-
notonously decreases to zero.

5. We show that there is no the infrared cata-
strophe in our approach.

The model describes enough well experimental
data of the bremsstrahlung emission which accom-
panies collisions of protons off the °C, **Cu and
""Ag nuclei at the incident energy Ty, =72 MeV,
the Be, °C and **Pb nuclei at the incident energy
Ty =140 MeV (Figure).
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The proton nucleus bremsstrahlung probability rate (in
the laboratory system at photon emission angle 6 = 90°):
(¢) Comparison for p+'“’Ag at incident energy
T =72 MeV between our full cross-section (wine dash
double-dotted line), the corrected cross-section with
division on k¢ (blue solid line) and experimental data
(Kwato, 1988 [2]). (b) Comparison for p + **Pb at inci-
dent energy Ty, = 140 MeV between the calculations by
our model (blue solid line), calculations by Remington,
Blann and Bertsch in (Remington, 1987 [3], wine dash
double-dotted line is for calculations by master equation
using the semiclassical bremsstrahlung cross sections,
orange short dotted line for semiclassical cross sections
multiplied by 2 for meson exchange, and navy short
dashed line for quantum bremsstrahlung cross sections),
and experimental data (Edington, 1966 [4]). We add the
electric component (green dash-doted line) and magnetic
component (red dashed line) to all Figures.

10"
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2. M. Kwato Njock, M. Maurel, H. Nifenecker et al.,
Phys. Lett. B207, 269 (1988).

3. B.A. Remington, M. Blann, and G.F. Bertsch, Phys.
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GENERALIZATION OF TIME AS A QUANTUM OBSERVABLE
FOR RELATIVISTIC QUANTUM MECHANICS

V. S. Olkhovsky

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

Firstly in the history of relativistic quantum me-
chanics it was shown that time is a quantum observ-
able and the uncertainty relation of time-energy has
exactly the same sense as the uncertainty relation of
coordinate-impulse, and there was generalized the
generalization of time as a quantum observable from
systems having continuous energy spectra for sys-
tems having discrete energy spectra earlier [OR].
And now in [book] there was studied the properties
of time for the Klein - Gordon and Dirac Egs.

In particular, it was shown that the continuity eq.
for moving particle has the same form
op(x,t)/ot+div j(x,t)=0, as for non-relativistic
particles.

The mean time t, in which a particle passes

through point X, is {#(x)) = I tW(x,t)dt, the mean
duration of unidimensional particle passing from
point x; till point x; > x; is

<T(x, xp) >=<t(xp)>-<t(x;)>.

For the Klein - Gordon Eq. after the passage into
the impulse space for the probability particle density

3
we havep = |‘I’(x, t)|2 = J.%kl)(k)
0

+

2 d’k .

, and — 1is an
ky

element of the Lorentz-invariant measure on the

hyperboloid k> =p?, ky = K+ m’]"% ®(k) is
defined by relation

lIl(X, t) — q)(k)eikt—ikocl .

1 J‘ d’k
(27_[)3/2 ) \/Eko
For the Dirak Eq. j, = c¥*(x,)a, ' ¥(x,¢), where

0 1 0 —i 1 0
Tl 0) T 0 o 4 )

1. V.S. Olkhovsky and E. Recami, Nuovo Cim. AS3, 610
(1968).
2. V.S. Olkhovsky, Time as a quantum observable ca-

nonically conjugate to energy (Lambert Academic
Publishing, Germany, 2012), 177 p.
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PO MONEPEYHHUI MEPEPI3 I TPUBAJICTh HEUTPOH-SAJEPHOI'O PO3CISTHHS
HA JBOX PE3OHAHCAX, 1O NIEPEKPUBAIOTBCSA B CUCTEMI HEHTPA MAC
TA JJABOPATOPHII CHUCTEMI

B. C. OJILXOBchnﬁl, H. JL Ilopomlcol, T. I. JIokoTbKO>

1 . . .
ITncmumym adeprux docnioxcens HAH Yxpainu, Kuig
2 . . . . . . . .
Kuiscoxuii nayionanvnui ynieepcumem imeni Tapaca Illeguenxa, Kuig

VY nmaHiif poOOTi BUBYAETHCS TIEpepi3 Ta yac pos-
CISTHHS HEHUTPOHIB Ha sAMpi B 00JACTI TBOX pe30HAH-
CiB, IO MEpPEKPUBAIOTLCS B J1aOOpaTOpHill cucTeMi
Ta cucteMi neHTpa mac. Ilin 4ac BUKOHaHHS JaHOI
poboTu moKazaHo, MO (EHOMEH BHUIIEPEIHKECHHS
3HHMKA€E B Ja0OPaTOPHIN CUCTEMI Ta CIIOCTEPIra€ThCs
JIMILIE Yac 3aTpUMKH. Takoxk MmpoaHaai30BaHO Mepe-
pi3u peakiiii y mabopaTOpHiid cHCTEMi 3 ypaxyBaH-
HSIM pYXY KOMIIayHA-sApa.

VY BHNaAKy [BOX PE30HAHCIB, IO TEpPEKpUBa-
I0TBCS, aMILUTITY Ty PO3CISTHHS MOXKHA 3aIIHCATH SIK

FC(E, 0)=f(E, 0) + fi,es (E, 0),

ac

J(E0)= f.u (E0)+

+(2ik) " b (21 +1)P, (cosb) [exp(ZiS b ) - 1] X

n=0

Xﬁ,res (E’ e)

BPaxOBY€ HAsBHICTH JIBOX PE30HAHCIB, IO MEPEKPH-
BalOThCsl. Yac pO3CiSTHHS MOXKHA PO3paxyBaTH Ui
KBa3i-MOHOXPOMATHYHUX YACTUHOK TaKHM YHHOM:

7 (E,0) = 2R/v + ho argF/d E =2R/v+ At (E.0).

st Toro m00 BUBYUTH CHEPreTUYHY 3aJIeKHICTD
gacy poscisHus, o6y ayemo rpadik At (E) (puc. 1).

Yac 3aTpuMKH, C
310 2 A

/!
..I‘ " "/ ~.

T T - T -—
104101078 7 poa2e10°® % 1043w 3078 1044 x 107
¢ N

1045%10°¢

Enepris, eB

-2 %1024

Puc. 1. Enepreruuna 3anexHicTb T “(E, ) 6ins aBox
pe30HAaHCIB Ni, E; = 649,8 keB, = 0,168 xeB Ta

E,=650,6 keB, T',=0,521 keB.
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Sk BupgHO 3 rpadika wac peakiii mnpuiitmMae
BiJ’€MHE 3HAY€HHA, a OT)Ke, 1 3arajbHUI 4ac B3ae-
Mozii Moxxe OyTH Bix’eMHUM. 1151 BUPIIIEHHS LBOTO
napajgokcy, Tpeba BpaxyBaTH pyX KOMIAyHI-s/pa.
[Micns 00paxyHKiB OTPUMYEMO, 111(0)

<<’ggenml> ~h/4/lE , omke mapajokc BHUIEPEIKECHHS

3HUKA€E B TaDOPaTOPHii CHCTEMi KOOpAWHAT.
[Ipn HasiBHOCTI KOMIIAyHI-Sapa MU HE MOXKEMO

BUKOPUCTOBYBaTH BiloMy (opMmyiny o = | f(E, (9)|2 .
OnycTuBIIM PO3PaxyHKH, MOXKHA IIOKa3aTH, IO
y(H): yO(incoh) +y1(interf) > A€ 'prrI/H\;I AOJaHOK Bpaxo-

By€ PyX KomnayHz-sapa. s onucy ekcrepumes-
TIBHUX JaHUX TAaKOX alPOKCHUMYIOThCS (azu pos-

cisuus O, . Ha puc. 2 nokaszaHo eKCIepHMEHTAIbHI

JIaH1 Ta TCOPETUYHY KPUBY.

[epepiszn, 6

a7 Ban 549 6.5 6.51 B.52 86.53

s
=10

Enepris, eB

Puc. 2. Teoperndna kpuBa Oisi JBOX pe3oHaHciB *°Ni,
E, = 649,8 xeB, I', = 0,168 xeB Ta E, = 650,6 keB,

I, =0,521 keB.

1. V.S. Olkhovsky and N.L. Doroshko, Europhys. Lett.
18, 483 (1992).

2. G.A. Prokopets, Phys. At. Nucl. 74, 714 (2011).

3. A.Brusegan, G. Rohr, R. Shelley et al., in Very high
resolution transmission measurements and resonance
parameters of Ni*® and Ni”, Conf. on Nucl. Data for
Sci. and Techn. (Gatlinburg, USA, 1994), p. 224.
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DERIVED CATEGORY AND NEW PHYSICS AT THE LHC

T. V. Obikhod

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

Recently physicists have become concerned
about the discovery of the Higgs boson or any su-
perpartner at the LHC. A large amount of theoretical
effort has been spent trying to understand the me-
chanism for soft supersymmetry breaking that pro-
duces the desired properties in the superpartner
masses and interactions in the Minimal Supersym-
metric Standard Model (MSSM) - the minimal ex-
tension to the Standard Model that realizes super-
symmetry. The three most extensively studied me-
chanisms are: Gravity-Mediated Supersymmetry
Breaking (SUGRA), Gauge Mediated Supersym-
metry Breaking (GMSB) and Anomaly Mediated
Supersymmetry Breaking (AMSB). mSUGRA
stands for minimal supergravity where supersym-
metry breaking is communicated through the super-
gravity interactions. mSUGRA is one of the most
widely investigated models of particle physics due to
its predictive power requiring only four input pa-
rameters and a sign, to determine the low energy
phenomenology from the scale of Grand Unification.
If the superparticles are found, MSSM could provide
evidence for grand unification and might even in
principle provide hints as to whether string theory
describes nature [1].

To construct the MSSM model from superstring
theory we must use the notion of derived category
[2]. From the moduli space of an open superstring
we can determine the particle content of the MSSM.
Than the gauge invariant MSSM superpotential
takes the form

Weis) =My - S 30100 +
+h -5, -100) 100 +p-5, -5,

where 5, and 5,are Higgs multiplets, 3};') and
10%) are multiplets of quark and lepton superpart-
ners, k; , A; are Yukawa coupling constants and p

is the Higgs mixing parameter. The analysis of Yu-
kawa coupling constants, based on observational
hints and theoretical considerations, allows to re-
strict the parameter space to five free parameters [3]:

M, =450 GeV, M,, =425 GeV,

4, =0, tanB =10, sgn(p)=+1.

Using this restricted parameter set for nSUGRA-
model it is possible to calculate the mass spectrum
of superpartners by application of the computer pro-
gram SOFTSUSY [4], partial widths of superpart-
ners by application of the computer program SDE-
CAY [5] and cross sections of superpartners by ap-
plication of the computer program PYTHIA [6].

To construct histograms describing mass distrib-
tions for superpartners ¢, and g we choose the

same set of parameters. Using this parameter set it is
possible to construct histograms of mass distribu-
tions for superpartners by application of the com-
puter program PYTHIA [6]. One of these histograms
is shown in the Figure.
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1. C. Beasley, J.J. Heckman, and C. Vafa,

arXiv: 0802.3391 [hep-th].
2. P.S. Aspinwall, arXiv: hep-th/0403166.
3. J.J. Heckman and C. Vafa, arXiv:0809.1098 [hep-th].

4. B.C. Allanach, Comput. Phys. Commun. 143, 305

(2002).

5. M. Muhlleitner, A. Djouadi, and Y. Mambrini, Com-
put. Phys. Commun. 168, 46 (2005).

6. T. Sjostrand, S. Mrenna, and P. Skands, JHEP 05, 1
(2006).
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SEARCHING FOR PHYSICS BEYOND THE STANDARD MODEL AT THE LHC

T. V. Obikhod

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

The searches for new physics at the LHC moti-
vated the necessary tools for building Grand Unifi-
cation Theory (GUT) models in F-theory [1]. It is
known that Minimal Supersymmetric Standard
Model (MSSM) [2] through its connection to string
theory improves the Standard Model (SM). There
are several problems of SM, connected with our
experimental knowledge and with some theoretical
aspects:

1) there is the neutrino mass problem - the SM
predicts neutrinos having zero mass, whereas we
have experimental evidence for massive neutrinos;

2) SM field theory which includes gravity ends
up being non-renormalizable without predictions
below the Planck scale;

3) SM has 19 free parameters to be determined
experimentally;

4) the hierarchy problem;

5) the unification problem.

These problems can be decided with the help of
MSSM model. In this model each particle, for ex-
ample fermion, has its superpartner — boson with
appropriate masses and couplings. MSSM includes
new symmetry called R-parity. This gives us some
usefull phenomenological results:

the lightest sparticle, LSP must be stable and then
it would be an excellent candidate for dark matter;

the LSP interacts very weakly with matter;

supersymmetric particles are produced in pairs;
all supersymmetric particles are unstable and
decay.

To construct the MSSM model from superstring
theory we must use the notion of derived category of
distinguished triangles over the abelian category of
McKay quivers [3]. Objects of this category are
distinguished triangles (Figure) (numbers a,b,c and

[IOPIUHUK - 2012

McKay quivers); morphisms of this category are
morphisms of distinguished triangles. Substituting in
the moduli space of an open superstring orbifold
charges

a=b=c=a =b =c =4

and using the Langlands hypothesis [4], we obtain
the realization of moduli space in terms of SU(5)
multiplets

3-(24+5H +5,+5,, +5, +10,, +EM),

where 5,, and 5, are Higgs multiplets, 5,, and 10,,

are multiplets of quark and lepton superpartners. This
result determines the particle content of the MSSM
and the gauge invariant MSSM superpotential. The
analysis of recent experimental data received from
LHC (CMS) restricts the range of MSSM parameters
to the new five parameters. Using computer programs
SOFTSUSY [5], SDECAY [6] and PYTHIA [7] the
mass spectrum, partial width and production cross
sections of superpartners are calculated. These cross

sections at center-of-mass energy \/; =14 TeV are
shown in the Table.

Cross sections of superpartners

Channel Cross section, pb
gg > 88 Oy = 0323
qg > i, 8 0, = 0.489
qq — i, d, G, =0.132
1. C.Beasley, J.J.Heckman, and C.Vafa, arXiv:

0802.3391 [hep-th].

H.E. Haber, arXiv: hep-ph/9306207.

P.S. Aspinwall, arXiv: hep-th/0403166.

J.J. Heckman and C. Vafa, arXiv: 0809.1098 [hep-th].

W. Schmid, Proc. Nat. Acad. Sci. USA 69, 56 (1968).

B.C. Allanach, Comput. Phys. Commun. 143, 305

(2002).

7. M. Muhlleitner, A. Djouadi, and Y. Mambrini, Com-
put. Phys. Commun. 168, 46 (2005).

8. T. Sjostrand, S. Mrenna, and P. Skands, JHEP, 05, 1
(20006).
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JOCIIKEHHSA BIIVIMBY E®EKTY 3MIIIYBAHHS CTAHIB Y HEIIAPHUX AJPAX
HA IIEPEPI3U ITPAMOI'O HEIIPY>KHOI'O PO3CIsIHHSI HYKJIOHIB

I. O. Kop:xx, A. /. ®ypca

Incmumym si0eprux docnioncenv HAH Yrpainu, Kuig

IIpu po3paxyHKax mepepiziB HEMPYKHOTO PO3Ci-
SIHHS 31 30Y/DKEHHSAM MYJIBTHIUICTIB CTaHIB HeEMap-
HUX siep »Na, 25Mg, AL, YK, 'V, *Mn, ¥Co,
63Cu, 65Cu, “Nb B pamMkax Mmozelni 30ymKeHOTro
ocroBa [1] HeoOXiTHO BpPaxOBYBaTH e(EeKT 3Milly-
BaHHS OCHOBHOTO ¥ 30Y/KEHOTO CTaHIB S/IEp 3 OJI-
HAKOBMMH 3HAa4YeHHsAMH J". Y MynbTHIIIETaX 30Y-
JUKEHUX CTaHIB I[UX SIEP € CTAHU 3 TAKUMU K KBaH-
TOBHMH YHCJIaMH, IO i B OCHOBHOMY CTaHi, fIKi i
3MIIYIOThCS 3ATUIIKOBOIO B3aEMOJIIEI0, 1[0 MOBOKO
XBUJIHOBHUX (DYHKIIIH MIUX CTaHIB BUTIISIIAE K

EV, y,=J1-n" v, -ny,,
E? y,=\1-n v, +ny,,

Je 1| — aMIUTITy/a, SKa XapaKTepU3y€e BEJIHYUHY 3Mi-
IIyBaHHSA 0a30BUX CTAaHIB y MOJETI i3 B3aEMOJIEI0

“gyacTHHKA - OCTOB” uepe3 (pOHOH; |/, — OJJHOYACTHU-
HKOBUH CTaH 32 BIJICYTHICTIO OyIb-SKUX (DOHOHIB;
W/, — CTaH, 10 CKJIAJA€ThCs 3 HEB3aEMO/IiI0YO] yac-

THHKH a00 JOipKH 3 KyTOBUM MOMEHTOM J 1 OZHOTO
KBaJpynonbsHOro (oHoHa 2°, AKi 3B’A3aHi B CTaH 3
MTOBHUM cITliHOM J ™.

Jis nociiKeHHS BILTUBY 3MIITyBaHHS CTaHIB Ha
repepizu HeMpyXHOTO PO3CISIHHA HYKJIOHIB HE00-
XiTHO BHU3HAYATH aMIUTITYXy 3MIlllyBaHHS CTaHiB.
Metoauka BH3HAYEHHS AaMIUTITYJd 3MIITyBaHHS
CTaHiB 0a3yeThCsl Ha TEOPETUYHOMY BH3HAUCHHI
BificTaHi MiX 30Y)KEHMM 1 OCHOBHUM CTaHOM 3
OJIHAKOBUMH 3HaueHHsMU J" [2]. ¥ poborTi moka3sa-
HO, [0 aMILTITy/Ia 3MIlllyBaHHs TAKUX CTaHIB BH3HA-
Ya€eThCS TIJTBKU €HEPreTUYHHMH XapaKTePUCTUKAMU
HEMapHOTO sIpa Ta sipa Kopa:

1 )
===y,
n 2( A

e A - BiACcTaHb MiX DIBHSAMH B HEMapHOMY SApi 3
OJTHaKOBMMH BeIMYMHaMU J"; ®, - CHEepris KBaj-

PYIOJIbHOTO OHOHA 3 MYJIBTUIIONBHICTIO A .

3 BUpa3y Ajsl aMILTITYy 1M 3MilyBaHHS CTaHIiB BU-
IUTMBA€, [0 TOBHHHA BHKOHYBAaTUCh HEPIBHICTH
o, <A. lle o3Hayae, mwo B3aemoniss H,, , po3en-
JIOIOYM MYJBTUIUIET BHPOPKEHHX pIBHIB, 3CyBac
30ymxenuid ctaH ("), 3 KBAaHTOBHMH YHCIAMHU
OCHOBHOTO CTaHy B Oik OLIbII BHCOKHX 3a (O, €HEp-
Tiif, TOOTO PiBHI 3 OJIHAKOBMMH KBAaHTOBHMH YHUCIIa-
MU BiJIITOBXYIOTBCS.

Y po0oTi nMpoaHani30BaHO HACIIIKU 3MillTyBaHHS
craniB. [loka3aHo, M0 BpaxyBaHHSA 3MIITYBaHHSI
CTaHIB y XBHJIbOBUX ()YHKIISIX KOMIIOHEHT MYJIbTH-
TUIETIB MPHU3BOAMUTE O iCTOTHOTO 3MEHILIECHHS Mpsi-
MO1 KOMIIOHEHTH Tepepi3iB HEMPYKHOTO PO3CISTHHS
HYKJIOHIB, pO3paxOBaHUX Y paMKax MOJEN 30yiKe-
HOro ocroBa, Ha (aktop (I — n°) mis cramis
J 6.0 F J " oen. or. 1 HA akTop (1 — 21]2)2 IUI CTaHiB
J" 36. et J"
X (GaxKTopis.

ocit. cr.. Y POOOTI HaBEICHO 3HAYCHHS

1. P.E.Hodgson. Nuclear reaction and nuclear
structure. (Claredon Press, London, 1971).
2. 1.0. Kopx, M.T. Cxsisip Ta A.Jl. ®ypca, Snepua ¢izu-

ka Ta eHepretuka 10, 134 (2009).
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CEPE/IHI PE3OHAHCHI ITAPAMETPHU AJAEP PYTEHIIO I ITAJIAAIIO

M. M. Ilpasauswuii, 1. O. Kop:x

Tnemumym adeprux docnioscens HAH Vipainu, Kuis

Hana pobota mpucBsSUeHa BU3HAYCHHIO MOBHHUX
Ha0OpiB CepeHiX pe30HaHCHUX mapamerTpiB Sy, S,
R,, R, Si3, siiep pyTeHito i nanajito 3 IpUPOIHUM
CKJIaJloM 130TOMIB 3a JAOIOMOIOI0 PO3pO0IEHOrO
aBTOPAMH METOIY 3 aHANi3y CepeaHiX eKCIIePUMEH-
TanbHUX NU(EPCHIIATBHUX Mepepi3iB  MPYKHOTO
PO3CisIHHS HEWTPOHIB HU3BKUX eHeprii. Meron Bu-
SIBUBCS TUIOJOTBOPHUM SIK JUIS OTPUMAHHS HOBHUX
JaHWX, TaK 1 JUIs MEPeBIpKU HAsBHHUX Yy JTEpaTypi
napamMeTpiB Ha iXHIO BIIMOBIJHICTH €KCIIEpUMEHTa-
TBpHUM Tiepepizam. Taka mepeBipka Oyia 3ilicHeHa
OI0 pEeKOMEHI0BaHNX MapameTpiB Sy 1 S; bpyk-
XeWBEHCHKOI HalioHANBHOI NabopaTopii Ta MATA-
TE. [leski mapamMeTpH X poOiT MalOTh 3HAYHI PO3-

OKHOCTI Mik CO00F0, IO TMOCIYXHIO JOAATKOBUM
CTUMYJIOM JJISl IPOBEICHHS HAITUX JOCHIIKEHb.
Otpumani Hamu U1 000X sZIep PEe30HAHCHI IMa-
paMeTpu HaBe[eHO B Tab. 1. 3aranom BOHU 33J10Bi-
JHHO OIHCYIOTh EKCHEepUMEHTanbHI daHi ¥ Tpu
IIbOMY Y3TO/UKYIOTBCS 13 3aJIEKHICTIO TapameTpiB
BiJl MAaCOBOTO 4Kcia A, PO3PaXx0OBaHOIO 3a ONTHYHOI)
Monemo. [IpoBeieHuM aHaIi30M yCTaHOBJICHO, 11O
pEeKOMEHIOBaH1 T 000X SAep BETWIMHH TIapaMeT-
piB Sy, S|, HaBeeHI B Ta0JI1. 2, 3aBUIIEHI. YHACTIIO0K
[ILOTO OTPHMAaHI 3 MiATOHKH BEJIMYMHH Tapamerpa
R(') € 3aHIKEHUMHU U HE Y3TOIKYIOTBCS 3 PEKO-
MEHJIOBAaHOIO 3aJICKHICTIO Bi MacoBOTO 4YHCIA

A(R, ~65-7).

Tabnuysa 1. CepeaHi pe30HaHCHI mapaMeTpu siiep pyTeHilo i nanaaiio

Ru 0,72 5,627 5,88

7,37 7,44 4,71

Pd 0,56 5,26 5,61

8,70 8,46 3,66

* PexoMeHI0BaHI TapaMeTpH, piKCoBaHi IPpH 31 CHEHHI IiJTOHKH.

Tabnuys 2. CepenHi pe3oHaHCHI mapamMeTpu, pekoMena0BaHi bpykxeiiBeHChK0I0 HaiOHAJLHOIO J1adopaTopicio

Snpo S, - 10* s, - 10* R,, dum R, Om Sy 101 Sy 307 10
Ru 0,35(10) 4,67(30) 6,66(25) 6,59(45) 4,09(1,20) 4,96(40)
Pd 0,37(15) 4,40(40) 6.43(30) 7,52(50) 5,34(1,20) 3,93(40)
L[OPIYHUK - 2012 29
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3AJIEKHICTD PEBOHAHCHHUX ITAPAMETPIB BIJ MACOBOI'O YUCJIA

M. M. IIpaBausuii, 1. O. Kop:xk

Tnecmumym soepuux docnioxcenv HAH Yrpainu, Kuis

Y po6oTi migBeAeHO MiJCYMKH MPOBEICHHUX pa-
Hillle JOCNTIDKEHb i3 BH3HAYCHHsI IMOBHUX HAaOOpiB
CepelHIX pe30HaHCHUX MapaMmeTpiB S, S, Rg, RI' s
S1.12, S1.30 IS sAEP 47’9Ti, S38p e, 5 8’7Ni, 65’4Zn, 72’6Ge,
PGe, 127p 99\o, 10LIRy, 1064pg  106Cq  195Cq.
HOCd, HZCd, 116Cd, llésn’ llSSn, 12OSn’ IZZSn’ 124Sn’
1276T¢, 1*42Nd. [TapameTpy BH3HAYCHO PO3POBICHAM
aBTOpPaMH METOJIOM 3 aHANi3y EKCIIEPUMEHTAJIbHUX
cepenHiX IudepeHIialbHIX Tepepi3iB MpyKHOTO
PO3CisTHHSI HEUTPOHIB HU3BKUX eHepriil. [IpoBeneHO
OIIHKY OTPUMaHUX pPe3yJIbTATIB 1 iXHE Micle B
ICHYIOUil CHCTEeM] PEKOMEHIOBaHUX T1apaMeTpiB.

[IpoBeneHo Takox MOODKHUI aHANI3 ICHYHOYUX
METOAIB BU3HAYCHHS CEpPEelHIX PE30HAHCHUX Mapa-
METpiB Ta iXHiX mepeBar i HeHomikiB. [limkpeciaeHo
POJIb 3aJIEKHOCTI TapaMeTpPiB BiJ MacoBOTO 4ncia A
SIK OCHOBHOTO KPHUTEpir0. HAIIHHOCTI PE30HAHCHUX
mapameTpiB. Ha choromHi Taki 3aJIe)KHOCTI BCTAHOB-

JICHO JMIIe IS mapamerpis Sy, Si, R,, I SKUX 1

CTBOPEHO PEKOMEHOBaHI mapameTpu. Jlis peruru
napamMeTpiB TaKi 3aJIe)KHOCT] iCHYIOTh JIUIIE B CTaii
JIOCT/DKEHb, a BiNTaK pPEKOMEHIIOBaHI MapaMeTpu
BIJICYTHI.

Po3poGinieHnii aBTopaMu METOX Ja€e 3MOry 3[IiH-
CHIOBAaTH IMEPEBIPKY HAsSBHUX Y JIITEPATypi pe30HAH-
CHUX ITapaMeTpiB Ha iXHIO BiAMOBITHICTH €KCIIEPH-
MEHTAJIBHUM TIepepizaM  MpPYKHOTO  PO3CISHHSL.
OcCKiTbKHM pEeKOMEeHJI0BaHI mapamerpu Sp, S, R(;

BU3HAYAIOTHCS PO3PI3HEHO, TO Taka IepeBipka jaana
3MOT'Y BCTAaHOBHTH, SIKi 3 HUX HE BiAMOBIJAIOTh €KC-
MEepUMEHTAILHUM Tiepepizam. 30kpeMa OyJo BcTa-
HOBJIGHO, W0 peKOMeHHoBaHi mia smep ' 0'°°Cd
BEJIMYMHU MapaMmerpa Sy He BiAMOBIAAIOTH EKCIIEPH-
MEHTANBHUM Tepepizam. SIK MPHKIaa Takol HEBif-
MOBITHOCTI B TaONUINI HABEACHO MapaMeTpH IaHOl
po0boTH 1 pekomMeHaoBaHi mapamerpu 3 BNL325.

SAapo '°Cd S+ 10* S, - 10* R,, DM R, dm Siip 10* Sy3p° 10
Jlana pob6. 0,25 3,80 6,29 12,20 4,60 3,40
BNL325 1,207 4,70 6,33 10,54 8,20 2,95

* PexoMeHIOBaHI mapaMeTpH, pikcoBaHi IPH 3AiHCHEHH] MiATOHKH.
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CUCTEMA ®OPMYBAHHSA TA EJIEKTPOHHOI'O KOHTPOJIIO INTPOXOIKEHHS
ITYYKA IOHIB B YCTAHOBII «KAHIOH»

M. B. Apuumosuu, B. 1. Copoka, A. ®. lllapos

Tncmumym soepuux docnioxcenv HAH Yrpainu, Kuis

Psan excriepumeHTiB 3 siepHOI (i3UKH, IO BUKO-
HYIOTBCSI Ha TIPUCKOPIOBadax, MOTPEOYIOTh BHCOKOT
KyTOBOI PO3ZiMBHOT 34aTHOCTI. Y IbOMY IUIaHI OCO-
OMMBO BUIISIOTHCS EKCHEPUMEHTH, OB’ S3aHi 3
TOCIIKEHHSIM 1 BHKOPHUCTAaHHSIM Opi€HTAIlIMHUX
edekTiB (KaHaTyBaHHA U OJIOKYBaHHS) TPHU MIPOXO-
JDKEHHI TIPUCKOPEHUX YaCTHHOK 4epe3 MOHOKpHCTa-
mu. Ha ycranoBmi «KaHioH» TaHIEMHOTO IPHCKO-
pioBaua EII[-10 onTumanbHHMi eMiTaHC MydkKa Ha
MinleHi BuOupaeTbcs Ha piBHI ~ 0,3 MM Mmpag. Y
KIHIIEBOMY MiJICYMKY SIKICTh ITy4YKa, II0 TPOHHUKAE B
peaKIiiHy Kamepy, 3aJIeXKUTh Bill KoJiMaTopa, ToO-
TO, BiJ po3Mipy, B3a€EMHOTO PO3MillIEHHs, MaTepia-
7y, TOBIIMHU Ta ¢opmu miadpparm. bazoBumu ene-
MEHTaMH KOJIIMaTopa € JIBi OCHOBHI miadparMmmu.
Koxxna 3 nmiagparm ckiagaeTbcs 3 YOTHPHOX He3a-
JISKHUX HOXIB 3 MIKPOMETPUYHHUM PETYJIIOBAHHSIM.
Hoxi i307p0BaHi Ta OXOJOKYIOTHCS TUCTHIBOBA-
HOIO BO/IOI0. Mexxi peryJroBaHHs JO3BOJISIOTH OTPH-
MyBaTH IiuHE 3 TouHicTio 0,01 MM. Bigcrans mixk
nmiapparmamu 2335 MM. Mixk OCHOBHUMH mdiadpar-
MaMHU ¥ mepes MIIIEHHIO PO3MIIIyIOThCS aHTHPO3-
citoroui giadparmu (KpyTdai, HEOOXITHUX PO3MIpPIB).

Ha pucynky nokazano OJIOK-CXeMy CHCTEMH elre-
KTPOHHOTO KOHTPOJIIO MPOXOJKCHHS ITy4Ka 3 TpH-
CKOpIOBaua Ha MimieHb. J[o iHJMKATOpa JaTYHKIB
komimaropa (IJIK) HagxomaTe curHamu 3apsiay BiX
BOCBMH HaTYMKiB (HOXIiB) Ta Bim mimeHni (M) abo,
SKIIO MIII€Hh TOHKA W MPOCTPUTIOETHCS MPHUCKOpe-
HUMH YacTHHKamu, Bij Iuiinapa Dapanes (L[D).
Pozpo6nenuit Hamu Omok IJK [1] y modaTtkoBoMy
BapiaHTi BKJIIOYAB y cebe KOMIUIEKT 3 1B’ STH Iij-
CHJIIOBAYiB TIOCTIHHOTO CTPyMY, NMpHJIadiB iHAUKALIi

HIOPIYHUK - 2012

Ta MepeMuKadiB Jiana3oHy BuMiptoBadhb (Bix 0,1 HA
mo 100 MxA). ¥V 2012 p. 070K CyTTEBO MOJAEPHi30-
BaHO. Y CXeMi MiJICHIIOBaYa 3aMicTh 3acTapiioi
€JIeMEHTHOI 0a3W BHUKOPHCTOBYIOTHCS HOBI HamiiHI
Mmikpocxemu Tunmy TLC27MA4AIN, koxHa 3 SKHX
MO3K€ 00CITyTOBYBAaTH YOTUPHU TPAKTH MiICUIICHHSI.

1K Ic Ll g
—
______
M L®

Cxema CHCTEeMH eJeKTPOHHOTO KOHTpourto mydka: [JIK —
IHAMKATOp NATYMKiB KomiMmartopa; I — 8§ — matumku, M —
Mimmenp; IC — iaTerpatop crpymy; LU® — numingp dapa-
nest; JI — muniIbHUK.

[Tix yac BumiproBanns 6ok [JIK 3HaxomuThCs Ha
MyJIBTI TPHUCKOpIOBada. 3a3HAYUMO TaKOXK, IO 3
HBOTO JMCTAHI[ITHO MOXXYTh MOJABAaTHCS KOMAaHIU
Ha BBEJICHHS Iepe]l OCHOBHUMH AiadparMaMu expa-
HiB 13 KBapIly I Bi3yaJlbHOTO TEIEKOHTPOIIO Gop-
MU U TIOJIOKEHHS Tyuka. Yce 1€, Y CYKYIHOCTI 3
PO3pOOJICHOI0 CUCTEMOIO FOCTYBaHHS YCTAaHOBKH B
LiJIOMY, A€ 3MOTY JOCUTHh €(QEeKTHBHO IPOBOJWUTH
Ha MillIeHb ITyYOK PO3MIpOM y AECATI JOIi MiliMeT-
pa Ta 3 KyTOBUM PO3XOJ[KCHHSIM, MCHIITUM | MiHYTH.

1. M.V. Artsimovich, I.F. Mogilnik, and V.I. Soroka,

Preprint KINR-97-8 (Institute for Nuclear Research,
Academy of Sciences of Ukraine, 1997).
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STUDY OF **Th BY THE (p,t) REACTION

A.I Levon', G. Graw’, R. Hertenberger’, P. G. Thirolf’, H.-F. Wirth?

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
? Fakultdt fiir Physik, Ludwig-Maximilians-Universitcit Miinchen, Garching, Germany

The nucleus **Th is located in a region where
strong octupole correlations are important in the
properties already of the low-lying excitations.
Besides the interplay of collective and single-
particle excitations, which takes place in deformed
rare earth nuclei, the reflection asymmetry
additionally complicates the picture of excitations.
Because of octupole degrees of freedom, in the
actinide region one has to expect a complicated
picture at higher excitations: residual interactions
could mix the one-phonon and multiphonon
vibrations of quadrupole and octupole character with
each other and with quasiparticle excitations.
Detailed experimental information on the properties
of such excitations is needed. On the experimental
side, two-neutron transfer reactions were very
useful. On the theoretical side, a test of the advanced
interacting boson model (IBM) and a microscopic
approach, such as the quasiparticle-phonon model
(QPM), was very interesting.

A radioactive target of 100 pg/cm’ *°Th with
half-life T,, = 8-10* years, evaporated on a
22 pg/em” thick carbon backing, was bombarded
with 25 MeV protons at an intensity of 1 - 2 pA
from the Tandem accelerator of the Maier - Leibnitz
- Labor of the Ludwig - Maximilians - Universitit
and the Technische Universitit Miinchen. The iso-
tope purity of the target was about 99 %.

The tritons were analyzed with the Q3D
magnetic spectrograph and then detected in a focal
plane detector. The focal plane detector is a
multiwire proportional chamber with readout of a
cathode foil structure for position determination and
dE/E particle identification. The acceptance of the
spectrograph was 11 msr. The resulting triton
spectra have a resolution of 4 - 7 keV (FWHM) and
are background-free. The angular distributions of the
cross sections were obtained from the triton spectra
at ten laboratory angles from 5 to 40° for energies up
to 1800 keV, but only at five angles from 7.5 to 30°
for energies from 1800 to 2500 keV. The energies
and cross sections for the states from 2500 to
3250 keV were measured only for 10°.
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Triton energy spectrum from the Z*°Th(p, t)***Th reaction
(Ep = 25 MeV) in logarithmic scale for a detection angle
of 10°. Some strong lines are labeled with their
corresponding level energies in keV.

A triton energy spectrum measured at a detection
angle of 10” is shown in the Figure. Present results,
derived from the *°Th(p, t)***Th reaction, lead to
about 163 levels in the energy range up to
3.25 MeV. About 106 levels have been identified in
the spectra, 60 of them for all ten angles and 46
levels only for 5 angles. Additionally, 60 levels were
seen in the spectrum measured only at 10°. Besides
0" excitations, where the number of reliable
assignments could be increased for five states in
comparison with the preliminary analysis in
publication [1], information on the spins for many
other states was obtained. Some levels are grouped
into rotational bands, thus allowing to derive the
moment of inertia for some 0, 2" and 07, 17, 27, 3
bands. Besides the establishment of the one-phonon
octupole-quadruplet with K* = 07, 17, 27, 37 states,
known earlier, we suggested the two-phonon
octupole- quadruplet with K*= 0", 2", 47, 6" states.

1. H.-F. Wirth, G. Graw, S. Christen ef al., Phys. Rev. C
69, 044310 (2004).
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0" STATES AND COLLECTIVE BANDS IN *3Th

A.L Levon', G. Graw?, R. Hertenbergerz, P. G. Thirolf’, H.-F. Wirth?

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
? Fakultdt fiir Physik, Ludwig-Maximilians-Universitit Miinchen, Garching, Germany

After the first observation of a large number of
excitations with the L = 0 transfer in the (p, t)
reaction seen in the odd nucleus **Pa [1], it was
logical to investigate such excitations in the even-
even nucleus ***Th, since **’Pa corresponds to
*Th + p. In forthcoming paper [2] we present the
results of a careful and detailed analysis of the
experimental data from the high-resolution study of
the *°Th(p, t)**Th reaction carried out to obtain
deeper insight into all excitations in ***Th.

Such experiment was carried out, using a
radioactive target of 100 pug/cm® *°Th, evaporated
on a 22 pg/em® thick carbon backing and the
25 MeV proton beam. The tritons were analyzed
with the Q3D magnetic spectrograph and then
detected in a focal plane detector. The resulting
triton spectra have a resolution of 4 - 7 keV and are
background-free.

Results of the experiment lead to observation of
about 163 states in the energy range up to 3.25 MeV.
The identification of these states is possible by
fitting the experimental angular distributions with
those calculated in the distorted-wave Born
approximation (DWBA). A problem arising in such
calculations is the lack of prior knowledge of the
microscopic structure of these states. We can as-
sume, however, that the overall shape of the angular
distribution of the cross section is rather independent
of the specific structure of the individual states,
since the wave function of the outgoing tritons is
restricted to the nuclear exterior and therefore to the
tails of the triton form factors. What is confirmed by
calculations for known levels.

Besides 0 excitations, information on the spins
for many other states was obtained. After the
assignment of spins to all excited states, those
sequences of states can be identified, which show
the characteristics of a rotational band structure. An
identification of the states attributed to rotational
bands was made on the basis of the following
conditions:

HIOPIYHUK - 2012

a) the angular distribution for a band member
candidate state is fitted by DWBA calculations for
the spin necessary to put this state in the band;

b) the transfer cross section in the (p, t)
reaction to states in the potential band has to
decrease with increasing spin;

c) the energies of the states in the band can be
fitted approximately by the expression for a
rotational band £ = E, + AI(I + 1) with a small and
smooth variation of the inertial parameter A.

Collective bands identified in such a way are
shown in the Figure.
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Collective bands based on the 0+, 2+, 1" ,2° , and 3~
excited states in “*Th as assigned from the DWBA
analysis.

1. A Levon, J. de Boer, G. Graw et al., Nucl. Phys.
AS576, 267 (1994).

2. Al Levon, G. Graw, R. Hertenberger et al., Phys.
Rev. In press.
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MOMENTS OF INERTIA AT EXCITATIONS IN *#Th

A. 1. Levon

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

The nature of the excited states in the actinide
nuclei and especially of the multiple 0" states is of
great interest. Already in an earlier publication [1], a
conclusion was made that the nature of the first
excited 0" states is different from the quadrupole
vibration. Decay modes of the higher lying levels on
the first excited 0" state in **Th have led to the
suggestion that this state might predominantly have
an octupole two-phonon structure. As for the other
excitations, besides the cross section, the moments
of inertia are the only information, which can be
obtained from the collective bands built on these
excitations (see [2]).
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Moments of inertia for the bands in **Th as assigned
from the angular distributions from the **°Th(p, t)***Th
reaction. Values of J/A” are given.

In the Figure we present the moments of inertia
(Mol), obtained by fitting the level energies of the
bands, displayed in the previous article, by the

expression E = Ey + AI(I + 1) for close-lying levels,
i.e. they were determined for band members using
the ratio of AE and A[I(I + 1)], thus saving the spin
dependence of the Mol. This procedure is valid for
all bands except the 943.8 keV, 1" band. The usual
procedure leads to strongly staggering values. In the
case of the K = 0" and K* = 1" bands, the Coriolis
interaction mixes the band members for / odd. Since
the Coriolis interaction is small we can expand the
Coriolis perturbed eigenenergies of the Hamiltonian
up to the first order in [(I+1) and obtain the
following expression for the band energies

EILK'=1)~E;+ (A +B)I({I+1) for I odd
E(, K"=1)~E; + AI(I+1) for I even,

where £y =E'1- A, and B = CZ/(E’l - Ay - E'y). Fitting
these expressions to the experimental data gives the
smoothly changing values of the moment of inertia
between 76.9 and 78.6 as shown in the Figure.

The obtained Mol cover a broad range, from
~50 MeV™' to ~100 MeV™'. The negative parity
bands based on the states with spin 17, interpreted as
the octupole-vibrational bands, have high Mol. The
0" band at 1120.1 keV, considered as p-vibrational
band, has the smallest Mol, close to the one of the
ground-state band. At this stage, it is difficult to state
a complete correlation between the intrinsic
structure of the bands and the magnitude of their
Mol. Nevertheless, one can assume for the 0 bands
that the largest Mol could be related to the two-
phonon octupole structure, the smallest Mol could
be related to the one-phonon quadrupole structure.
The bands with intermediate values of the Mol could
be based on the two-phonon quadrupole excitations.
If the moments of inertia do indeed carry
information on the inner structure of the bands, then
the number of excitations with a structure as in the
g.s. or f-ibrational states in ***Th is small.

1. J.V. Mabher, J.R. Erskine, A.M. Friedman ef al., Phys.
Rev. C5, 1380 (1972).

2. Al Levon, G.Graw, R.Hertenberger et al., Phys.
Rev. In press.
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THE FEATURES OF DECAY OF THE FIRST EXCITED STATE OF ®Be
IN THE REACTION "B(p, an)a AT E, =2.65 MeV

Yu. N. Pavlenko', V. M. Pugatch', V. L. Shablov’, V. V. Ostashko', O. K. Gorpinich',
A. V. Stepanyuk', V. O.Kyva', Yu. Ya. Karlyshev', I. P. Dryapachenko', E. M. Mozhzhukhin',
D. V. Kasperovych'?, L. L. Dulger'”

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
? Obninsk Institute for Nuclear Power Engineering, Obninsk, Russia
? Taras Shevchenko National University, Kyiv

Investigations of the reaction ''B(p, ac)o. were
started in the 30's of the past century [1]. Interest in
the study of this reaction at low energies has not
decreased (see e.g. [2, 3]) due to the possibility of
using it as an aneutronic energy source in the future
fusion reactors.

At energies of protons corresponding to the
formation of excited states of the compound nucleus
12C*, the interference of the resonant interaction of
two pairs of a-particles at the excitation of the first
excited state of *Be nucleus was observed [4]. A full
explanation of this effect has not been obtained to
the present time.

In order to make a detailed study of formation
and decay of this *Be excited state the precision
measurements of spatial and energy correlations of
o-particles in the exit channel of reaction ''B(p, aa)a
are scheduled to be performed at the Tandem
Generator EGP-10K of the Institute for Nuclear
Research (Kyiv) using a position-sensitive detectors.

This work shows the results of the kinematically
complete experiment performed at the energy
E, = 2,65 MeV using simple Si-detectors.

100
0,= 45°
804 6,,=120 }
——1 - pair (2-3)
604 ——2- pair (3-1)
2 1 - pair (2-3)
s 1 - 2 - pair (3-1)
8 40-
204
O_ T T T T T

E, MeV

Energy spectrum of aa-coincidences in the range of the
contributions of the first excited state of °Be
(Ex=3.03 MeV, I'=1.513 MeV [5]) in the exit channel
of ""B(p, ;)05 reaction. The calculations of the expec-
ted resonance contributions in the pairs (2 - 3) and (3 - 1)
of final particles are shown by thin dashed curves. Thin
solid curves correspond to the result of fitting by Breit-
Wigner distributions (see Table). Total contribution of
curves / and 2 are shown by thick dashed and solid line.
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In the measured correlation spectra the positions
of the maxima and widths of the resonance curves at
the enrgies corresponding to the expected contri-
bution of the first "Be excited state (see Figure and
Table) differ significantly from the resonance
parameters which were determined in the study of
binary process of a + a scattering (Ey =3.03 MeV,
I'=1.513 MeV [5)).

Obtained data confirm the results of earlier
studies [4]. Description of the observed effect
requires consideration of the interference pheno-
mena as well as the influence of the Coulomb field
of accompanying a-particles on the decay of short-
lived *Be* resonance [6] and penetrebility factor
caused by the proximity of this resonance to the
decay threshold.

Calculation performed with taking into account
the three-particle Coulomb effect predicts the shift
of observed resonance curve on the value 0.45 MeV
that is in consistence with the position of
experimentally observed peaks (see Table).

Parameters of the first excited state of *Be
observed in the experimental spectra of
aa-coincidences

*Be*(3 - 1) *Be*(2 - 3)

615 9250

E,MeV | T',MeV | E,,MeV | T, MeV

45,120 | 3,39+0,04 | 1,03+0,11 | 3,58+0,04 | 1,03+0,10

45, 130 | 3,40+0,06 | 1,00+0,22 | 3,54+0,06 | 1,25+0,24

1. M. Oliphant and L. Rutherford, Proc. R. Soc. London
A 141, 259 (1933).

2. S. Stave et al., Phys. Lett. B 696, 26 (2011).

3. C. Aa. Diget et al., J. Phys.: Conf. Ser. 381, 012116
(2012).

4. V.1 Grantsev et al., Izv. AN SSSR, Ser. Fiz. 41, 147
1977).

5. D.R.Tilley et al., Nucl. Phys. A 745, 155 (2004).

6. Yu.N. Pavlenko et al., Int. J. Mod. Phys. E 19, 1220
(2010).
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CORRELATION MEASUREMENTS FOR THE REACTION ’Li(d, oa)n
AT LOW DEUTERON ENERGY

Yu. N. Pavlenko', O. K. Gorpinich', V. V. Ostashko', V. L. Shablov?,
A.V. Stepanyukl, Yu. Ya. Karlyshevl, 0.1 Oliinyk3, N. L. Doroshko', T. O. Korzynal,
L. P. Dryapachenko', E. M. Mozhzhukhin', L. L. Dulger®, D. V. Kasperovych*

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
2 Obninsk Institute for Nuclear Power Engineering, Obninsk, Russia
3 Bogomolets National Medical University, Kyiv
* Taras Shevchenko National University, Kyiv

Energy and angular correlations of two
o-particles from reaction d + 'Li — o+ o +n have
been measured with aim to study the peculiarities of
decay of short-lived *He and Be resonances at low
deuteron energies, where the strong modification of
resonance parameters can be observed for He due to
the influence of the Coulomb field of accompanying
a-particle [1, 2]. This effect cannot be observed for
¥Be because the accompanying particle is neutron.
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The first measurements were performed at the
Tandem Generator EGP-10K of the Institute for
Nuclear Research (Kyiv) at the beam energies
Eq=1.91, 4.2, 6.54 and 6.82 MeV. The main contri-
bution in coincidence spectra measured at all deu-
teron energies and different angles 0, 0, (¢; - @, =
=180°) is caused by formation and decay of the
ground state of "He and excited state of *Be*(16.6

and 169 MeV) (see, for example, Figure).
300
I b {
250 - 1-(2-3): 5Hegs
] 2 - (2-3): *He*
3-(3-1): *He
200 4-(1-2): BBei(lG.GS)
1 5 - (1-2): *Be*(16.92)
% 150 6 - (1-2): *Be*(16.63)+°Be*(16.92)
3 ]
o
100
50
O T T 1 1 1
4 5 6 7 8 9 10

E, MeV

a — two-dimensional plot of coincidence spectrum of d + 'LiF reaction products, which was measured at the deuteron
energy Eq = 4.2 MeV and the angles 6, = 45°, 8, = 110°, o - ¢, = 180°. Arrows indicate the location of events from
the three-particle reaction d+ 'Li — a; + 0, + n;. b — the projection of the most intensive part of measured oo-
coincidence spectrum from this reaction (see, a) on the energy axis E;. The lines correspond to the contributions of
formation and decay of *He and *Be resonances. The pairs of resonance decay products are shown in brackets.
Calculations were performed with resonance parameters obtained from data analysis for binary na- interaction: (SHegs:

Er = 0.80 MeV, I' = 0.65 MeV; “He*: Egx =2.07 MeV, I' =

5.57 MeV) [3]. The shape of the contributions of narrow

resonances of *Be* with E, = 16.63 MeV, I'= 0,108 MeV and E, = 16.92 MeV, I' = 0,074 MeV [4] was estimated by
Monte Carlo calculations which results were approximated by Breit - Wigner distributions (see lines 4 — 6). Sum of all

resonance contributions is shown by thick line.

The measured spectra can be generally described
using the resonance parameters obtained at the study
of binary reactions [3, 4]. The parameters of the first
excited state of *He do not influence essentially on
the shape of spectra with dominated contribution of
*He,, and "Be*. But at the kinematical conditions,
where the observation of 5Hegs and ®Be* is not pos-
sible, we obtained the following resonance parame-
ters for *He*: Er=(2.6+03)MeV, I' = (3.5 =

+ 1.3) MeV. These values significantly differ from
the data for binary reactions [3].

Further and more detailed study of the decay
features for “He resonances in the experiments with
position-sensitive detectors are in progress.

1. N. Arena et al., Phys. Rev. C 40, 55 (1989).

2. V.L. Shablov et al., Izv. Vuz. Nucl. En. 3, 2 (2007).
3. D.R.Tilley et al., Nucl. Phys. A 745, 155 (2004).
4. D.R. Tilley et al., Nucl. Phys. A 708, 3 (2002).
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BUMIPIOBAHHSI EHEPTETUYHHUX TA KYTOBHX KOPEJIALIA
Y BUXITHOMY KAHAJII PEAKIIIi 'Li(d, co)n 3 BUKOPUCTAHHAM
HNO3UIIHHO-UYYTJHUBOIO JJETEKTOPA

FO. M. MaBaenko', B.B. Ocramxko', A.II Boiitep', O. K. Fopnunuy', A.B. Crenaniok’,
10. A1. Kapaumes', T. O. Kopsuna', L. II. Ipsnauenko’, E. M.MouxcKyxin',
A. @. llapos', B. I.CaBuyk', JI. JI.Qyarep'?, 1. B. Kacneposuu'?

] . . .
Incmumym si0epnux docniodiceny HAH Yrpainu, Kuig
2 . o . o . . . .
Kuiscokuii nayionanvhuil ynisepcumem imeni Tapaca Lllesuenka, Kuig

KinemaTnyHo MOBHI €KCIIEPUMEHTH J03BOJSIOTH
OJTHO3HAYHO ieHTU(IKYBaTH BUXITHHWNA KaHAI TpH-
JaCTHHKOBOI peakilii. Ajle aHaii3 JaHUX, OTPUMAaHUX
Yy TaKMX EKCIePHUMEHTaX, MOXKe OYTH YCKJIaJHEHUM
YHACiJOK CHOCTEPEKEHHS CyMapHOT'O BHECKY aMII-
mityn Ty, Ti3 Ta Th3, IO BU3HAYAIOTH MEpepi3 peak-
mii p+T— 1+2+3. Y Gararbox BUMAJIKax BH3HA-
YEeHHS! BHECKY KOXKHOI 3 YKa3aHUX aMILTITy MOXKIIU-
Be JIMIIIE 32 YMOBU BUMIPIOBAHHS KOPENSIii KiHIIe-
BHX NPOAYKTIB peakilii B MIUPOKOMY Jiara3oHi Ky-
TiB, IO 3HAYHO 30UIBIIyE TPUBANICTh EKCIIEpH-
MeHTy. EdekTuBHUM iHCTpYMEHTOM IJIsl TaKUX BHU-
MipIOBaHb € MO3HUINIHHO-IyTuBI AeTekTopu (ITH/T).

VY naniéi po6oti 3 Bukopuctanusm I[TYJ Bumi-
PIOBAJINCS €HEPreTHYHI Ta KyTOBI KOpeJsLii ABOX -
YaCTMHOK y BHXigHOMy Kamam peakuii 'Li(d, ao)n.
ExcriepuMeHT BHWKOHAaHO Ha TaHAEM-T€HEpaTopi
EI'TI-10K A HAH VYkpaiau npu eHeprii myuxa
neitrponiB Eg= 6,0 MeB.
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0 32 64 26 128
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Ha pucysky (@) nmokazano cnekrtp 30iris, mo BH-
MIpIOBaBCSl 3a JIONIOMOTOI0 Si-AETEKTOpa 3 MalliM
tinecHnm KyToM Q; = 3,6 - 10 cp (0; =45°, ¢, = 0°)
ta [MTY]], nentp sixkoro BigmomimaB kyty 6, = 110°,
@, =180°. Aneprypa ITUJI (40 x 6 MM®) oXOmIO-
Baja miama3oH KyTiB AB, =20°, Ap, =3,4° i 3a0e3-
nedyBaja BENUKHHA TIJIECHUA KYT peecTpaii
Q,=2,4-10" cp. JloMiHyloumii BHECOK PE30HAHCIB
*Be*(16,6 i 16,9 MeB) imoctpye 3miny enepriii E;,
E, 31 3MmiHOIO KyTa peecTpaiii Apyroi a-4acTUHKA B
mianasoni 0, =100° - 120°. Po3kun enepriii E;, E,
3YMOBJIIOE CYTTE€BE PO3LIMPEHHSA CIEKTPaIbHUX
JHIA, 10 BiATIOBINAIOTh BHECKAM pPE30HAHCIB, SKi
30yKyIOTBCS B mapax dactuHok (1 - 2) ta (3 - 1).
Po3ginbHa 3naTHICTE BUMiptoBaHb eHepriit E,, Ej
3HAYHO TIOJNIMINYETHCS TPU PO3AUICHHI CyMapHOTO
criekTpa 30iriB Ha KUTbKa CIIEKTPIB, KOKHUHN 3 SIKUX
BiZMIOBiAa€e peecTpauii Apyroi o-4aCTHHKH B MEXax
MAaJIOTO TiJIeCHOTO KyTa (), (IUB. pUCYHOK, 0).
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644

E,. xaHam

0 32 64 926 128
E, -x. xaHami

JIBoBMMipHUii criekTp 36iriB npoaykris peaxuii d + 'LiF (&), mo BUMiproBaBcs 3a JOIOMOTOI0 JETEKTOPA 3 MAIHM
TiJIeCHUM KyToMm peectparii (0; =45°) ta ITY (6, = 100° — 120°). Jlokamizamiss mojiii, U0 BiJIOBIJaIOTh BHECKY
peaxuii d + 'Li — a; + 0, + n3 Ta pesonancy ‘Be*, mokasana cTpinkamu. [BOBUMIpHHii OO MOiH B TIOMMHI
E-E-x (6), mo peecrpyBanucs [TY]/] y 30irax 3 yacTMHKaMH, SIKi peeCTpyBaJIMCS IHIIMM JETEKTOPOM IIiJ] KyTOM
0, =45°. x — KoopaMHaTa peecTpallii YaCTHHKU B3J0BX aerekropa (L =40 mm). [ns kaniOpyBaHHS 110 KOOPAWHATI X
(xyty 0,) nepen ITUJ] ycraHoBmoBanach miacTisa 3 giagparmamu (10 mr.) po3mipom 2 X 6 Mm>.

Otpumani 3 BukopuctanusMm [1T4]] mani OymyTsb
BHKOPHCTaHI JUIA aHaji3y MpoIeciB 30y/HKEHHS Ta
posmazy pesonancis *He i “Be B peakuii 'Li(d, ao)n.
[Inanyetbesa Takox 3actocyBatu [TU]] y gocmimxen-
HSIX PO3MOLTY TLIOK po3maay OismoporoBUX pe3o-
HaHCIB JICTKHX SEp y TPUYACTHHKOBUX PEAKITISTX

HIOPIYHUK - 2012

(muB. [1]), 30KpeMa “‘TepMOSIEPHOTO” PE30HAHCY
He*(16,75 MeB) y peaxmisx 'Li(d, aa)n Ta
"Li(d, ad)t, 'Li(d, at)d.

1. Yu.N. Pavlenko et al., Nucl. Phys. At. Energy 20,
65 (2007).
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DISTRIBUTION OF DEUTERONS IN THE THREE-BODY
BREAK-UP REACTIONS IN D+ D COLLISIONS

0. O. Belyuskina, V. I. Grantsev, K. K. Kisurin, S. E. Omelchuk, Yu. S. Roznyuk,
B. A. Rudenko, V.S. Semenov, L. I. Slusarenko, B. G. Struzhko

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

The inclusive spectra of deuterons from reaction
D+ D —p+n+din the angular range 15° < 0, <
35° were measured on cyclotron U-240 INR NAS of
Ukraine at energy £, =36.9 MeV. The targets from
deuterated polyethylene (CD,) and carbonic film
were used in the experiment. The typical spectra on
the targets CD, and C at the angle 6, = 15° are pre-
sented in Fig. 1, a. The background spectra (on tar-
get C) were subtracted from the spectra correspon-

10

Counts

r T T T T T
20 40 60 80 100 120 140

Channel number

ding to the target CD,. The main difficulty at angles
0, < 30° consists in the identification of the closely
spaced peaks corresponding to the elastic scattering
of projectile deuterons on deuterium and hydrogen
nuclei in the target. The continuous deuterons spec-
tra after subtraction of the elastic scattering of pro-
jectile deuterons on the target deuterium and hydro-
gen are presented in Fig. 1, b for the scattering angle
0,=15°.
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Fig. 1. The inclusive deuterons spectra on target CD, (points) and C (circles) at the angle 84 = 15° for deuterons energy
E,=36.9 MeV. Arrows designate peaks of the elastic and inelastic scattering of projectile deuterons on carbon (/, 3),
deuterium (2) and hydrogen (4) (a). The spectra corresponding to the dd-scattering (contribution of deuteron elastic
scattering on carbon and hydrogen was subtracted from the spectra measured on the target CD,) (b).
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Fig. 2. The energy distribution of deuterons from the
reaction D+ D — p+n+d at the angles 04 =15, 20, 29
and 35° at the incident energy of deuteronsE, =
=36.9 MeV. The arrows show the deuterons energy corre-
sponding to the cross section maximums calculated in the
quasi-free scattering model: / — the scattering of the inci-
dent deuterons on nucleons of the target nucleus; 2 — the
scattering of nucleons from the incident deuterons on the
nuclei of target.

The energy spectra of deuterons from the break-
up three-body reactions D + D — p +n +d at the
angles 0, = 15°, 20, 29° and 35° at deuterons energy
E,=36.9 MeV are presented in Fig. 2. Spectra have

the sharp rise on the high-energy side and a slow
decrease on the low-energy side up to the energy
E,~15 MeV. The cross section of higher energy

maximum rapidly decreasing with increase of the

Energy, MeV

0., deg
Fig. 3. The angular dependence of the energy of maxi-
mum cross section E, for deuterons from the reaction
D+D — p+n+d. The curves / and 2 show the kinema-
tical points corresponding to the target nuclei break-up
and projectile break-up due to the quasi-free scattering,
respectively.

scattering angle and the enhancement disappears at
the angles larger than 35°.

The quasi-free three-body process D + D —»p +
+n +d were examined when one of the colliding
deuterons scattered on either proton or neutron of
another deuteron. The results of calculation are
shown in Fig. 3 as the angular dependences of sur-
vived deuteron energy.
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ANALYSIS OF THE ENERGY DISTRIBUTION
OF DEUTERONS FROM THE REACTION D+D—>p+n+d

0. O. Belyuskina, V. I. Grantsev, K. K. Kisurin, S. E. Omelchuk, Yu. S. Roznyuk,
B. A. Rudenko, V. S. Semenov, L. I. Slusarenko, B. G. Struzhko

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

The deuterons break-up in the three body reaction
D+D —p+n+dat energy E,~40 MeV in the
first approximation can be treated as the quasiclassi-
cal process as the consequence of deuteron “loose-
ness” and the diffraction model can be used. The
application of the diffraction model to the descrip-
tion of D + D —p + n + d reaction was developed
by V. K. Tartakovsky.

The cross section of deuterons diffraction split-
ting in the three-body reaction D+ D —»p +n+d
can be

written as
dG _ M5/2 'EDEd y
dQdE, 427

2Ep b 2n
x [ dE,\[E,[d6,sin0, [ do, | 4(G,i)[5,(T),
0 0 0

here, £, is the incident deuteron energy, E, - the
energy of deuteron formed in the three-body reac-
tion, £,,0, - the energy and angle of the outgoing

proton, ¢, is the azimuth angle between the vectors

k ,, and Ep ., which are perpendicular to the k,

component of the vectors lgd and lgp; A(qG,u) - the

doQdE , mb/sr-MeV
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process amplitude that depends on the momentum ¢

transferred to the deuteron in the three-body reaction
and u - the relative momentum of p and n. The fac-

tor 8,(7) takes into account an energy uncertainty.
The amplitude A(g,u)can be obtained in the

explicit form by using simple Gaussian expressions
for internal wave functions.

Two cases of the three-body reaction were stud-
ied: 1) the break-up of the target nucleus with forma-
tion of scattered deuteron d' and 2) the break-up of
the incident deuteron with formation of the recoil

deuteron d .
The experimental energy distribution of deuterons

from the reaction D+ D —»p+n+d is a sum of
2

, corresponding to the break-
d' d'

Cross sections

2
dQdE
ing to the break-up of the incident deuteron. Both
components are undistinguished experimentally.

The energy distributions of the deuterons d' and
d for the angles 6 = 15 and 29° are shown in the
Figure. The scattered deuterons give the consider-
able contribution in the high-energy region of the
spectrum reaching ~80 % at small angles.

up of the target nucleus, and , correspond-

4
29°

do/dQdE , mb/sr-MeV

E, MeV

The comparison of the theoretical calculations with the experimental energy distributions for angles 684 = 15 and 29° at
Ep=36.9 MeV. I — the energy spectra of scattered deuterons d'from the reaction d +D — d'+ p +n; 2 — the energy

spectra of the recoil deuterons from the reactiond +D —>p+n ++ d ; 3 — the total contribution of both processes.
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SAJIEPHA B3AEMO/IISA JEMTPOHIB 3 SIJIPAMU ITPU IJABAP’€EPHUX EHEPI'TAX
Y MOJEJI OJHOKPATHOI 3I'OPTKH

O. B. batak, B. Il. Bepouubkuii, O. /I. I'puropenxo

Incmumym si0eprux docnioncenv HAH Yrpainu, Kuig

JocmimKkeHHsT B3a€EMOIl ITEUTPOHIB 3 BaKKUMHU
ATOMHHMH S[paMH TpU Tiadap’€pHUX EHeprisx
MOKa3ali CYTTEBUI BIUTUB HOJSIPHU30BHOCTI Ta PoO3-
BaJly I[MX YaCTHHOK Ha ()OpPMyBaHHS MepepisiB mpy-
xHOTo poscissHas [1]. Cnpobu aHamizy oxepKaHux
CKCTIEPUMEHTAJIbHUX JaHUX METOJOM MiJATOHKH
napaMeTpiB MOTEHIATy CTaHIAPTHOI ONTUYHOI MO-
JeTi IPUBOIMIN 10 He(PI3WYHUX 3HAYCHb BKa3aHUX
napaMmeTpis.

Y pobori 3pobaeHo crpoly omucaty Iei mpolec
IUIIXOM KOHCTPYIOBaHHA TMOTEHIIANy B3a€MOII1
JEHTpOHA 3 SAPOM Y MOJEINI OJHOKPATHOI 3rOPTKH.
JIJis 11bOT0 TIOTEHITia)IM B3a€MOJIIT OKPEMHUX HYKIIO-
HiB AEHTpOHA 3 MIIICHHIO 3rOpTaJIMCS pa3oM 3 ryc-
THHAMH PO3MOJLTY MaTepii JeMTpoHa, MO po3paxo-
BYBaJIUCS Ha OCHOBI XBHJIbOBMX (YHKIiH HOro oc-
HOBHOTO cTaHy. [lomiOHuUi migxim Oyyio 3amponoHO-
BaHO B po0orTi [2].

JList po3paxyHKiB OyJ10 BHKOPUCTAHO ITOTEHITIaT

V(FP) =<(p0(r) Vn(Fp +}7‘)‘q)0(r)>+Vp (rp)+VC(rp),
(1)

e V,, V, noreHuianu siepHoi B3aeMOJil HEHTpOHa

Ta NPOTOHA 3 SIIPOM MIIICHHIO; V. - MOTEHIIa KyJo-
HiBCBKOI B3a€MOJIii IPOTOHA; 7, Ta F - KOOpIMHATA

[IPOTOHA Ta BHYTPILIHS KOOpAWHATA IEUTPOHA BiAMO-
BiZIHO; (o(7) - XBWIbOBa (DYHKILiS OCHOBHOTO CTaHy
JEUTpOHA I MDKHYKJIOHHOTO MOTEHLIAy HYJIbOBO-
TO pajiyca mii.

[orennian (1), 32 HaIIMM TPUIYIIEHHSIM, IOBHU-
HEH OIMCYBaTH NPOLEC PO3CISIHHS CKIaAEHOi 3apsi-
JUKEHOI JacTHHKH 3 Macoro 2. BiH BpaxoBye CKiH-
YCHHICTh PO3MIpIB JEHTpOHA, aje HE BPaxOBYE
BIUIUBY UBOIO TMOTEHIiady Ha BHYTPIIIHIA cTaH
YAaCTUHKH, 110 HAJITa€. 3 METOI0 MOJAETIOBAHHS 11bO-
ro BIUIMBY INTY4YHO OYyJIO BHUKOPUCTAHO YHCEIBHO
po3paxoBaHy B poOoTi [1] koMIUIEKCHY J100aBKY

SV(rp) , IKa BPaxOBY€ MOXIIUBICTb BUOYBaHHS ACH-

TPOHIB 3 MPY>KHOTO KaHAIy B PE3yibTaTi MPOIECIB
KYJIOHIBCHKOTO PO3Bajy Ta HOJISAPH30BHOCTI.

Jlnst TOpIBHAHHS PO3paxyHKIB 32 BKa3aHUM TEO-
PETUYHHM TIiIXOJIOM 3 Pe3yJIbTaTaMH €KCIEPUMEHTY
OyJI0 BUKOPHCTaHO JaHi BUMIpPIOBaHHs TIepepi3iB
MPY>KHOTO PO3CISTHHA JEUTPOHIB mpH eHeprii 7,3 Ta
8 MeB Ha szpax “**Pb, y3ati 3 po6oru [3]. Pe3yns-
TaTH PO3paxyHKiB HABEJECHO HAa PUCYHKY.
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BingHomeHHs nepepizy npyKHOTO PO3CisTHHS
JICHTPOHIB siipaMK CBUHIIIO 710 pe3epPOpaiBCHKOTO.

PospaxyHku mepepiziB NpyKHOTO PO3CISHHS BH-
KOHYBQJINCS B paMKaxX ONTHUYHOI MOJIENi 3 KOMII-
JIEKCHUM ToTeHuianoMm 3a mnporpamoro GENOA.
Horenwiamn V,, V, B3aro 3 poboru [4]. Obumc-

JICHHsI Tepepi3iB BUKOHYBalocs 0e3 Bapiallii Oy/b-
SKHX TIapaMeTpiB. 3 PUCYHKA BHUIHO, IO MOJISA-
puzamisi Ta po3Ban (IMITPUXOBAa KPHUBA) CYTTEBO
BIUIMBAIOTh Ha (POpMYBaHHS IEpepi3iB MPYKHOTO
PO3CisIHHSI, ajie HaBiTh 3a TAKUX MaJKX CHEPrid 3Ha-
YHHWI BKJAQJ BHOCHUTH TaKOX 1 sIEpHA B3a€MOIis
(cyuinbHa kpuBa). [TyHKTHPHOIO JIiHIEIO MPEICTaB-
JICHO Pe3yJIbTaT OOYUCICHHS Mepepi3iB i eHeprii
nedtpona 8§ MeB.

TakuM YWHOM, TIOKa3aHO, IO BpaxyBaHHS CKiH-
YEHHOCTI PO3MIpIB HANITAIO40T YACTUHKH, Yy PaMKax
3alPOMOHOBAHOI MPOCTOiI MOJENI, NPHUBOAMTEL [0
3HAYHOTO TIOCHUJICHHS TOTEHITIANIB SIePHOI B3aEMO-
nii B mepudepiiiHii obmacti, TOOTO 10 301TBIICHHS
TIOTJIMHAHHS Ta BiAOMBaHHS, IO TMOSCHIOE 301Tb-
HICHHS BUOYBAaHHS YAaCTHHOK i3 TPYKHOTO KaHAIy
NPU BKA3aHUX CHEPTISX.

1. B.IL. Bepounpkwuii Ta K.O. Tepeneupkwnii, SAnep. ¢us.
55, 363(1992).

2. Y. Nishida, Progr. Theoret. Phys. 19, 389 (1958).

3. Yu.N. Pavlenko, K.O. Terenetsky, V.P. Verbitsky et
al., SlnepHa ¢izuka ta enepreruxa. 11, 400 (2010).

4. C.M. Perey and F.G. Prey, At. Data and Nucl. Data
Tables 13, 297(1974).
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ENERGY DEPENDENCE OF THE °LI+ 'O SCATTERING
AND ISOTOPIC DIFFERENCES BETWEEN POTENTIALS
OF THE %’LI + %0 INTERACTIONS

A. T. Rudchik', R. M. Zelinskyi', V. A. Plujko’, A.P.Ilyin', Val. M.Pirnak’,
O. A. Ponkratenko', A. A. Rudchik', V. V. Uleschenko'

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
2 Taras Shevchenko National University, Kyiv

The data of the °Li + '°O elastic scattering at
E....=3.27 - 36.8 MeV known from literature were
analyzed within the optical model and coupled-
reaction-channels method (CRC) [1]. The optical
potential of Woods — Saxon form with a volume and
surface absorptions was used in the calculations. The
°Li + 'O elastic and inelastic scattering as well as
the reorientation of °Li and simplest transfer reac-
tions were included in the coupled-channels-scheme.

One example of the °Li+ '°O elastic scattering
data and CRC calculations is shown in Fig. 1. The
contributions of the °Li potential scattering (curves
<pot>), °Li reorientation (curves <reor>) and trans-
fer reactions (curves <tr>, <xy>) to the °Li+ '°O
elastic scattering data were estimated at different
energies.
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Fig 1. Angular distribution of the '°0 + °Li elastic scatter-
ing at Ep,(°Li) =29.8 MeV [2]. Curves show the CRC
calculations. Curves ¥ show coherent sum of all proc-
esses.

The °Li+ '°O potential parameters at different
energies as well as their energy dependence were
deduced accounting dispersion relation between real
and imaginary parts of the potential (Fig. 2).

The isotopic differences between the °Li+ '°O
and 'Li + '°O were studied (Fig. 3).
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Fig 2. Energy dependences
of the °Li + '°O potential parameters.
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SLi+ '®0 and "Li + '®O optical potential parameters of ¥
and Ws.

1. A.T. Rudchik et al., Nucl. Phys. At. Energy 13, 361
(2012).

2. V.V. Davydov et al., Bull. Acad. Sci. USSR, Phys.
Ser. 35, 2399 (1971).
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THE °Li(**0, "0)’Li REACTION MECHANISMS AND 'Li+ "0 POTENTIAL

A. T. Rudchik', K. A. Chercas', A. A. Rudchik', E. I. Koshchy?, S. Kliczewski’, K. Rusek*’,
V. A. Plujko®, O. A. Ponkratenko', S. Yu. Mezhevych', Val. M. Pirnak', R. Siudak®,
J. Choinski’, B. Czech®, A. Szczurek®

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
2 V. N. Karazin Kharkiv National University, Kharkiv
3 H. Niewodniczarnski Institute of Nuclear Physics, Cracow, Poland
4 National Centre for Nuclear Research, Warsaw, Poland
’ Heavy Ion Laboratory of Warsaw University, Warsaw, Poland
% Taras Shevchenko National University, Kyiv

Angular distributions of the °Li(**0, '"0)’Li reac-

10 ?
tion were measured at Elab(ISO) = 114 MeV for

TTTTTTTTTTTTTTTTTTTTTTTTTTTTITTT

®Li(*®0,""0)"Li

ground and excited states of exit nuclei. The data 10 Ewp('°0) = 114 MeV
were analyzed within the coupled-reaction-channels
method (CRC) [1]. !
The °Li+'®O elastic and inelastic scattering B 10-1
channels as well as simplest one- and two-step reac- >
tions were included in the coupled-reaction-channels ) 10~
scheme. In CRC calculations, the °Li + *O potential g F e
with parameters deduced from the elastic scattering E 1073
data measured with the reaction simultaneously, was
used for the entrance reaction channel. 107 -7
The spectroscopic amplitudes of nucleons and ST, -
clusters were calculated within the translational- 10
invariant shell model (TIMO). The "Li + '"O poten- 10-6 —
tial parameters were deduced by fitting L b b b L
SLi("*0, "0)'Li reaction data. It was found that o g0 Ggm (gdoeg) 120 150 180
n-transfer dominates in this reaction (Fig. 1). Fig. 1. Differential cross-section of the °Li("*0, "0)'Li
Isotopic differences of the 'Li+ "0, 'Li+ "0  reaction at Epp(**0) = 114 MeV. Curves show CRC cal-
and "Li + '°O potential were studied (Fig. 2).

culations for transfers of n, d + p, d + t and a + He
(curves <n>,<dp><dt>, <a’He>).
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Fig. 2. Comparison of the 'Li + '®'"-'*0 potentials (a, b) as well as the "Li + '"O potential with double-folding potential (c).

1. A.T. Rudchik et al. Nucl. Phys. At. Energy 13, 133 (2012).
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ELASTIC AND INELASTIC SCATTERING OF !'B IONS BY “C AT 45 MeV

S. Yu. Mezhevych', A. T. Rudchik', K. Rusek*’, E. I. Koshchy*, S. Kliczewski*, V. M. Kiryanchuk ',
A. A. Rudchik, S. B. Sakuta ®, R. Siudak >, B. Czech?, J. Choinski®, A. Szczurek*

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
? National Centre for Nuclear Research, Warsaw, Poland
3 Heavy Ion Laboratory of Warsaw University, Warsaw, Poland
*V. N. Karazin Kharkiv National University, Kharkiv
’ H. Niewodniczanski Institute of Nuclear Physics, Cracow, Poland
® National Research Centre “Kurchatov Institute” Moscow, Russia

New experimental data for differential cross-
sections of "*C(''B, ''B)"*C inelastic scattering at the
energy Ejp(''B) = 45 MeV were measured for transi-
tions of ''B nucleus to the excited states of 2,12 -
8,56 MeV [1].

Experimental data were analyzed within optical
model (OM) and coupled-reaction channels method
(CRCQ). Elastic and inelastic scattering of nuclei,
reorientation of ''B spin and simplest transfers of
nucleons and clusters were included in the coupling
scheme. Woods - Saxon optical model parameters of
C + "B interaction and deformation parameters of
"B were deduced. Contributions of one- and two-
step transfer reactions into the elastic and inelastic

channels of 'C+'"'B scattering were defined
(Fig. 1).
PO L L L I B L B L I I I
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Fig. 1. Differential cross-sections of the '“C +''B elastic
scattering at Elab,(“B) =45 MeV. Curves show the CRC-
calculations for potential scattering (<pot>), ''B reorienta-
tion (<reor>) and transfers nucleons and clusters x+y
(curves <x>, <xy>, <tr>).

It was found that the low-energy excited states of
"B have collective nature (Fig. 2).
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Fig. 2. Differential cross-sections of the '*C + ''B inelas-
tic scattering at Ej,(''B)=45MeV. Curves show the
CRC-calculations for transition to the ''B exited states of
collective nature.

In Fig. 3, the "*C +''B optical potential is com-
pared with corresponding double-folding potential.
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Fig. 3. Comparison of the *C + ''B optical potential
with double-folding potential.

1. S.Yu. Mezhevych et al., Nucl. Phys. At. Energy 13,
123 (2012).
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ENERGY DEPENDENT OPTICAL POTENTIAL FROM 'O + '>C ELASTIC SCATTERING
O. A. Ponkratenko, Yu. O. Shyrma

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

Elastic scattering of '®O ions from '*C nuclei
was studied over the wide energy range of incident
ion from 1 up to 100 MeV per nucleon in works [1 -
4]. In spite of numerous investigations of '°0 + '*C
optical potential, it has not been found the energy
dependence of OM potential parameters good
enough to describe this nuclei system scattering
over the wide energy range of incident ion. While
such dependences were obtained successfully for
light incident particles (p, n, a), the problem of
finding the dependence for heavy ions is actual.
The main difficulties to solve this problem are am-
biguity in determination of OM potential parame-
ters for each energy value, the choice of shape of
potential parameters energy dependence, and,
probably, more complicated radial or L-dependence
of OM potential (L — orbital angular momentum of
relative motion). Thus it is important to build en-
ergy dependence of potential parameters in wide
energy range. It allows us to minimize the ambiguity
in the parameters determination for each energy
value and helps to find the energy dependence of
OM potential parameters for the interaction of un-
stable nuclei in output reactions channels.

The choice of '°0 + '*C system is determined by
circumstance that there are rich variety of experi-
mental data from elastic and inelastic scattering for
this system in comparison with other pairs of nuclei.

For the purpose of finding corresponding energy
dependency of potential parameters, it has been
found firstly sets of OM potential

U(r)=V(r)+iW(r) (1)

for each of the 42 incident ion energies. These sets
have described elastic scattering angular distribution
satisfactory.

We have investigated the dependences of the re-
action cross section obtained by OM on the incident
particle energy. These dependences are presented in
the Figure.

For comparison, the experimental values of fu-
sion cross sections for '°O + *C collision represen-
ted by open circles are also shown at different ener-
gies of the incident ion. These experimental data of
fusion were taken from the work of [3]. One can
observes, the fusion cross sections have peaks in
positions, where the reaction cross sections calcu-
lated for each energy by OM have peaks too (open
circles). The values of these peaks are about: ~ 33,
40 and 49 MeV.

a, (b}

74I7I;LI;,LI! 1 ] L
10*

S S

19’
Eyyp (MoV
The dependences of the reaction cross section

on the incident ion energy.

Energy dependence of imaginary part of OM po-
tential U(r, E) = V(r, E)+iW(r, E) was specified by
exponential parameterization of W(r, E) depth, ra-
dius and diffuseness parameters. Energy dependence
of real part of the potential was taken in the the fol-
lowing form

V(r,E)=V.(r,E)+AV(r,E), 2)

where VA{r, E) is a double folding potential with
DDM3Y1 Reid nucleon-nucleon potential [5] (in-
cluding exchange and density dependent nucleon-
nucleon interaction), N, — normalization parameter,
AV(r, E) — energy-dependent part of potential, that
was derived from W(r, E) by the dispersion relation.

Parameters of U(r, E) energy dependence were
determined by y*-minimization of '°0 + ">C elastic
scattering angular distribution (for forward angles
0 <80 - 120°) for each of the 42 incident ion ener-
gies. Backward angles scattering has been calculated
as elastic o-transfer in CRC (coupled reaction chan-
nel) method [6] by fitting of a-spectroscopic factor
and o + "°C potential parameters [4].

1. M.P. Nicoli and F. Haas, Phys. Rev. C 61, 034609
(2000).

2. A.A. Ogloblin and Yu.A. Glukhov, Phys. Rev. C 62,
044601 (2000).

3. C. Gao and Y. Kondo, Phys. Lett. B 408, 7 (1997).

4. M.C. Morais and R. Lichtenthaler, Nucl. Phys. A 857,
1 (2011).

5. L. Gontchar and M. V. Chushnyakova, Comput. Phys.
Comm. 181, 168 (2010).

6. J. Tompson, Comput. Phys. Rep. 7, 167 (1988).
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SAHNEPHA OI3UKA

BO3MOXHOCTb HABJIIOJEHUS I'AMMA-U3JYYEHMUS,
CBSI3AHOI'O C ®OPMHUPOBAHUEM W SMHUCCHUEN IPEIPABHOBECHBIX
AJIB®A-YACTUILl B AJEPHO-AJEPHbBIX CTOJIKHOBEHUSAX.

JI. B. MuxaiiioB

Hnemumym adeprvix uccnedosanuti HAH Yxpaunul, Kueg

[IpunsATO CUMTATH, YTO MPEAPABHOBECHBIC CIIOXK-
HBIE YacTULBI (POPMHUPYIOTCS MEpEed UCITyCKaHUEM B
HarpeToM szpe (WM Topsidel) KOaJeCIEHITUN TIPH
pacmajie CUIILHO HarpeThIX SIep B HACTOSILEE BPEMsI
orcyTcTBYIOT. OnHaKo B pabote [2] B peakmuu ¢o-
TOpaCIIeIUIeHns 'Li HabGII0aIcs Y-I1K ¢ SHeprieit
8,5 MaB, cooTBeTCTBYIOIIEH IHEPTUN CBSI3U TPUTHS
Ha ocHoBanuu HabironeHus NMHUKa Y-KBaHTOB M U3-
Mepenus ero mupuHbl (150 k3B) nmemaercs 3axiro-
YeHHe, 4TO BHYTPH sAipa 'Li mepes HCITyCKaHHEM
TPUTOHA HPOUCXOAUT (hopMUpoBaHME Kiactepa “H
U3 KBa3sHCBOOOAHBIX HYKJIOHOB M JUIMTENBHOCTD
storo mpomecca cocrapmsier 107" ¢. B pabote [2]
TaK)Xe 0TMEYaeTCs, YTO aHAIOTHYHBIE MAKCHMYMEI B
cneKTpe (OTOHOB OOJKHBI COMPOBOXKAATH BCSKYIO
peaKknuo, B KOTOPOH NPOUCXOIUT (HOPMHPOBAHUE
YaCTHIIBI IIEpe]] €€ UCITyCKaHUEeM U3 sIIpa.

B Hacrosmeii pabGore mnpeanaraercsi JKcrie-
PUMEHT, OCHOBAaHHBIH Ha MPEATNOJIOXKEHNUH, YTO TPH
B3aUMOJECUCTBUM sIpa C TSDKENbIMH  HOHAMH
~20 MaB/A o0pa3oBaHue U 3MHCCUS TPEAPABHO-
BECHBIX YAaCTHL[ W3 CHJIBHO HArpeToll 30HBI siapa
COIPOBOXKIACTCS Y -M3JIyUYeHHEM C DHEPrueu, pas-

HOW SHEPTHH CBSA3M PETUCTpUpyeMoil dacTuIsl [1].

L[OPIYHUK - 2012

Hanpumep, ecau npeanonoxurs, 4To o-4acTUIA
(dopMupyeTcs B ropsiueii 30He siipa mepen BhUIETOM
13 KBa3UCBOOOIHBIX HYKJIOHOB WM IPYTUX KiacTe-
pOB, TO 3TOT IPOLECC AOJDKEH COIPOBOMKAATHCS
SMHCCHEH Y-KBAaHTOB B COOTBETCTBHH C KaHAJIOM
KOAJIECLIEHIINU!

1). p+p+n+n=4He+y(28,3 MaB);
2). d+d=4He +y(23,85 MaB);

3). n+3He =4He + y(20,6 MaB);

4). p+T=4He +v(19,8 MaB).

Peructpanms y -IMKOB COOTBETCTBYIOLICH SHEp-

TMA B COBMNAJCHUSAX C HCHYLUICHHBIMH YaCTHLAMH
ABJSIETCS. HAIEKHBIM [IOKA3aTEJIbCTBOM TOTO, 4YTO
JeTeKTUpyeMasl yacTulia o0paszyercs U3 HYKJIOHOB
WM JIETKHUX KJIaCTEPOB.

1. W.J. Llope et al., Phys. Rev. C 52, 2004 (1995).
2. B.S. Ishkhanov ef al., Nucl. Phys. 33, 28 (1981).

45



AHOTALIIl POBIT

THE CORRELATION OF DIRECTION OF MOTION OF THE AUGER ELECTRONS WITH
THE DIRECTION OF MOTION OF THE ELECTRON OF INTERNAL CONVERSION

N. F. Mitrokhovich, V. T. Kupryashkin, L. P. Sidorenko

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

Strong correlation direction of electron "shake-
off" and primary particles (B -electron, electron in-
ternal conversion) in the forward direction [1 - 3]
and the absence of the same correlation for B'-decay
[4], that explains by the current components of the
interaction of charged particles indicates that the
same strong correlation should be observed in the
direction of motion of Auger electrons and electron
of internal conversion. It should be noted in this case
that the Auger emission at filling holes in the atomic
shell after internal conversion is intense, which fur-
ther indicates the importance of formulating and
solving this important physical correlation problem.
It is for correlation motion particles in momentum
(pulse) and spin spaces.

The experimental implementation observation of
correlations Auger electrons with conversion elec-
tron in intensive 122 keV E2 transition in "**Eu de-
cay is adduced in the Figure.

) U U
MCPD : s gm URHMCP
— |~ Auger
L €, S ‘ €. R
1926, Y Em
Ge(Li)

Technique of definition correlating of motion of Au-
ger electron (€auger) With conversion electron (ejc) at mea-
surement ye,- and yeice,-coincidences from a source S
2Ry at registration of Auger electrons on e,-electrons of
the secondary electron emission. At potentials Ug > Uy,
Ugm = 0 it occurs for Epyger > €Us only from emitter Em
and only by lelt MCP- detector of electron. MCP- detec-
tors (L and R) are on basis micro-channel plates. Ge(L1i) -
y-detector.

In measurements it is necessary to receive corre-
lation Y as relation yield Auger electron per one unit
decay in direction forward with conversion electron
to yield Auger electron per one unit decay in arbi-
trary direction it relate conversion electron. It was

determined as Y = Yield(Q2 = 0)/Yield(Q = 4n) =
= (Nyeiceo/Nyeic)/ (Nye,/Ny), because in treble coin-
cidences Auger electron can moves only in direction
conversion electron (see Figure) for registering by
e,-electron from emitter Em.

It was obtained that correlation Y for simultane-
ous (paired) motion Auger electrons M-series (dif-
ference measurements at Ug 1000 eV and 1700 eV)
and conversion electron in forward direction is large
(more 4) and approximately equal to those Y for
motion electron "shake-off" and primary particle
B -electron in the forward direction (Table). It is
obviously related to Auger electrons of K- and
L-series also.

The correlations Y for ”shake-off “-electron with
p-particle and Auger electron with conversion
electron at decay b O

Decay Y(Q=4n) Y(Q=0) )
B 0.00073(17) 0.00469(92) 6.4(2)
Auger 0.00583(23) 0.0251(19) 434)

The background correlation of registration elec-
tron "shake-off" and electron internal conversion in
the forward direction is law, it does not exceed
16 %.

This data gives additional confirmation experi-
mental relation Y ~ E°° from energy (momentum)
"shake-off" electrons (in our case Auger electron
also) as currents interaction from moving of charge
particles [1 - 3].

1. N.F. Mitrokhovich, in Proc. Int. Conf. “Current Prob-
lems in Nuclear Physics and Atomic Energy “(Kyiv,
20006), p. 412.

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

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

4. N.F. Mitrokhovich, V.T. Kupryashkin, and L.P. Sido-
renko, in Book of Abstracts of the 4th Int. Conf. “Cur-
rent Problems in Nuclear Physics and Atomic En-
ergy” (Kyiv, 2012), p. 79.
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SAHNEPHA OI3UKA

PO3NO/IIJ1 EJEKTPOHIB 3A EHEPI'IEIO B “IIKY HYJbOBOI EHEPIII”,
IO BUHUKAE€ IIPU PAJIOAKTUBHOMY PO3IIAJI ABO
NP BOMBAPAYBAHHI MIIIEHI 3APA/JKEHUMU YACTUHKAMU

B. T. Kynpsiukin, B. A. Jlamko, JL. II. Cugopenko, O. 1. ®eokTicTOB

Incmumym adepuux docnioscens HAH Yrpainu, Kuig

[Ipu mocnimkeHH! BUITPOMIHIOBAHHS, IO CYTIPO-
BOJKYE pafioakTHBHUU po3man, abo mpu Gombap-
JyBaHHI MIIICHI 3apsPKEHIMH YaCTHHKaMHU 3aBXKIU
B CIIEKTPi €NEKTPOHIB CHOCTEPITaeTbesl “MiK HYJbO-
BOT eHeprii”, o NpeACTaBIIsE PO3MIOIIN EIEKTPOHIB
3 MaKCUMAJIEHOIO iIHTEHCHBHICTIO B paiioHi < 1 eB, 3
HaITiBIIUPUHOIO po3noAiry Omm3pko 1-2 eB Ta
MaiHHSIM IHTEHCUBHOCTI B MOJAIBIIOMY TaK IIBHUJI-
KO, o mpu eHeprii Omm3pko 15 -20 eB Herwo Bxe
MOJKHa 3HeXTyBaTH. Lli eleKTpoHM MH Ha3MBaEMO
eJIEKTPOHaMH OJIM3bKOHYJIBOBOI €HEprii 1 mo3Hauae-
MO iX K €)-3JIEKTPOHM, Ha MPOTUBATy IO IHIINX
LIBUJKUX €JICKTPOHIB, $Ki MO3HAYaEMO SIK €
CJIEKTPOHH.

[IpoBeneHo AOCHIIKEHHS PO3MOALTY €IEKTPOHIB
ONMM3BKOHYIILOBOI €HEpTii (€)-eIEeKTPOHIB), M0 BHUIIi-
TalOTh 13 TOBEPXHI JDKEPENT NPH PamiOaKTHBHOMY
posmaxi Ta mpu OomOapayBaHHI MilleHi. o- i
-4acTHHKH, SIKI IPOXOAATH 4Yepe3 MOBEPXHIO JIKe-
pela, BUKIMKAIOTh PAaNTOBY IOSBY 3apsay HOOIU3Y
cl1a0KO3B’s13aHUX EJICKTPOHIB TOBEPXHi, IO TpH-
3BOAMTE JI0 CTPYLIYBaHHS iX Y BaKyyM.

CrocTepeskeHHS 32  BUIPOMIHIOBAHHSIM  €o-
CJICKTPOHIB, IO CKIAJAIOTh MK HYJIHLOBOI €HEpTii,
BinOyBanock MUISIXOM BHUMIPIOBaHHS KPHBOI 3aTpHM-
ku N(eU), xonu Mix MOBEpXHEIO JHKepena (MillleHi) i
JETEKTOPOM €JIEKTPOHIB IOAAETHCS 3aTPUMYIOUHUI
noteHuian U, sSKWid NPOMyCKae HA JOETEKTOp JIMILE
eNleKTpoHH 3 eHeprieto £ > (eU). BumiproBaHHs Kpu-
Boi 3arpuMkd  N(E) TpOBOIATECS B  PEXUMI
(e)-30iriB, MO MO3BOJISE B YaCOBOMY CIIEKTpi 30iriB
BIIIUINTH 3aleKHICTh N(E) IS €¢-€IEKTPOHIB Bif
N(E) niis BUIKHUX €~-CIICKTPOHIB. Y CTaHOBIICHO, 1110
y BChOMY [lialma3oHi 3aTPUMKH MK IIBUAKHX 30iriB
TIPAKTHYHO HE 3MIHIOETHCA 1 TI€ CITPOIITYE TIPOBEICHHS
BUMIPIOBaHb. 3 KPUBOi 3aTPUMKH BH3HAYABCS 1HTET-
palbHUI CHEKTp €-eleKTpoHiB N(E) B iHTepBaii Bif
0 mo 24 eB. 3amexHICTh IHTETPATHLHOTO CIEKTpPa €)-
eNEeKTPOHIB Bix eneprii N [ (E) moxua orpumMaru i3

CITiBBIJTHOIIICHHS KPHBOT 3aTPUMKH:

E E
T dN T dN
N (E)= | —(E)dE- | —(E)dE =
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[Torim, npupisHioloun N, (E ) =AF (E ) , 33 Me-

TOJIOM HAaHMEHIINX KBaJpaTiB MPOBOAMIACK MiATOH-
Ka I BCiX BHMIPSHHX TOYOK 3 METOIO OTpHUMAaTH
3HaueHHd 4 1 E,. Tyt

A=¢eQ,n,B,

Je € — e(eKTHBHICTh pPeecTpalii €y-eIeKTPOHIB Je-
tektopoM MCP;;, Qef — e(eKTUBHUH TiNECHUN KYT

peectpaitii; 7, — KiJIbKICTh 3apPEECTPOBAHUX JCTEK-
TOPOM O-YaCTHUHOK TiJ Yac BUMiproBaHHS N I(E) ,
E, — eHepris 3B’SI3Ky €p-€JIeKTpoHa, B—Ta F’ (E) -
nuB. [1].

[IpoTsiroM KiTbKOX POKIB MH AOCTIIKYBall BH-
XOIH €p-CJICKTPOHIB 13 PI3HUX JDKEPEN, IO Jaio
3MOTY OTpUMATH IJIsl HUX JaHi PO €HEPriio 3B’ S3Ky
c1a0K03B’I3aHUX EJIEKTPOHIB, SKi 3HAXOMITHCS Ha
noBepxHi. /i1 BUMIpSHUX JpKEpen OTPUMAHO Taki
snavenns E,: “Sc — 0,41, Co - 0,60, '’Eu - 0,62,
'»Gd - 0,58, **Eu - 0,74, *Ra - 0,82, *U - 0,79,
28py — 1,0, *°Pu — 0.86 ¢B. BigxuieHHs Moxe B
okpemux Bunajakax jgocsratu 20 - 30 % Big HaBene-
HUX CEepE/IHIX 3Ha4eHb. UM HE MEHII B yCiX BHIA-
KaX €)-CJIEKTPOHH CTapTYIOTh ¥ BaKyyM 31 3B’ sI3aHUX
cTaHiB 3 eHepriero < 1 eB.

Omuc eMicii €y-eleKTPOHIB YHACIIIOK parnToBOrO
BUHUKHEHHS €JIEKTPUYHOTO 3apsily TOOIN3y MOBEpX-
Hi K e(eKTy cTpycy 3acHOBAaHMH Ha TEOPETHYHHX
VSIBJICHHSIX, BUKJIaACHUX Yy poboTax [2, 3], i BUIIMBae
3 po3B'sI3Ky HecTamioHapHOTO piBHsSHHS [llpeninrepa
B TIEPIIOMY TOPSIAKY HaOMKEHHS Teopii 30ypeHs.
[MokazaHo, 110 OTPUMAaHHUH PO3IMOJIIN €)-eNEeKTPOHIB
JIoOpe y3TrO/KYETHCS 3 TEOPETUUHUM, SKUH BUILTUBAE
3 ommucy #oro sk eeKTy cTpycy — Iie panToBe 30y-
PCHHSI ENEKTPHYHNM 3apsioM, SKHH BUHHUKAE TOOJH-
3y MOBEPXHi, 10 IPU3BOAUTH JI0 CTPYLIYBaHHS clad-
KO3B'SI3aHHX EJIEKTPOHIB 3 TIOBEPXHI.

1. B.T. Kynpsimukun, JLII. Cugopenko, A.M. ®eokrtuc-
toB 1 E.I1. PoBenckux, XKOT® 139, 679 (2011).

2. JL.A. JJaunay u EM. Jludummn, Keanmosaa mexanuxa
(Hayka, Mocksa, 1974), c. 179.

3. A.C. JlaBbiioB, Ksammosas mexanuxa (Puzmarrus,
Mockga,1963), c. 326.
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ANOMALIES IN INTERNAL CONVERSION COEFFICIENT FOR THE K-FORBIDDEN
E1-TRANSITION WITH THE ENERGY OF 55 keV IN '"Hf

A. P. Lashko, T. N. Lashko

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

The series of works on intranuclear conversion in
the K-forbidden electric multipole transitions excited
by """™Lu decay was continued [1, 2]. Three of these
transitions accompany the decay of the 160-day
isomeric state in '""Lu: y55, y116, and y228 keV. All
of them are hindered as compared to single-particle
estimates. Some anomalies in y-ray internal-
conversion coefficients (ICC), caused by penetration
effect, are possible for such transitions. In internal
conversion theory, by a penetration effect or in-
tranuclear conversion is implied a correction to ICC
arising in passing from transition electromagnetic
potentials calculated for point-like nucleus to the
potentials calculated for finite-size nucleus.

Earlier, in Ref. [1, 2] was found minor variance be-
tween experimental and theoretical values of ICC for
v228 and y116 keV transitions, which cannot be ex-
plained by admixtures of different multipolarities with
the same parity. Such deviation can be eliminated by
assuming the presence of intranuclear conversion.

The total ICC of the y55 keV El-transiton can be
estimated from the balance of intensities of the 21/2
1260 keV level. Following from the '""™Hf decay
scheme (see Figure), this level is powered by the
v55 keV transition and deexcited by two intraband
v242 and y466 keV transitions having the M1- and
E2-multipolarity respectively. The intensities of the
strong y-rays are known with accuracy of (2 + 5) %,
but there is disagreement in evaluation of the inten-
sities of some of the weaker lines, such as y242 keV.
Our current research was to clarify all controversial
questions in this area and to provide a more accurate
estimate of the total ICC of the ¢55keV
E1-transiton.

23/2° 1,09 s 1315
712 [4041p, 9/2 [514]p, 7/2[514]n 1AM
Y55 El 212° v 1301
21/2°Y 1260
228 E2
Y242 Ml 192" v 1087
19/2° 1018
y466 E2
17/2 v 794
9/2° 321
9/2[624]n
712 0
7/2514]n
177Hf

The partial decay scheme of '""™"Hf.

The radioactive '"™Lu sources were obtained in
the (n, y) reaction as a result of enriched '"°Lu target
irradiation with neutrons at the research nuclear
reactor WWR-M. The measurements of gamma-ray
spectra started two months after the end of irradia-
tion so that '"'Lu (T, = 6,6 days), having much
larger activation cross-section, must have decayed
en masse.

The relative intensities of y-rays following the
decay of '"™Lu were measured with a gamma-
spectrometer that comprises two horizontal coaxial
HPGe-detectors: GMX-30190 and GEM-40195,
having the resolution of 1,89 and 1,73 keV for the
y1332-line of “°Co and efficiency of 33 and 43 %
respectively. The usage of different types of detec-
tors allowed us to determine the relative intensities
of y-rays for the energy range above 100 keV more
precisely.

Using our data on the intensities of the y242 and
1466 keV transitions, bringing the experimental
value 1,(55) from Ref. [3] and theoretical values of
ICC for y242 and y466 keV transitions, we have
calculated the total ICC of the y55 keV El-transiton
to be a(55)exp = 1,08 £ 0,23. The theoretical value of
ICC in the hafnium for the y55 keV El-transiton is
much lower, o(55)y, = 0,337. To coordinate them the
existence of the admixture of M2-multipolarity with
magnitude (5,2 + 1,6)-10° or the existence of the
intranuclear conversion with penetration parameters
A =12 %3 or A; =-(17 + 3) should be assumed.

The first hypothesis leads to the Weisskopf for-
bidding factor Fy(y55 M2)= (5 + 9)-10°, while for
other K-forbidden transitions the factors are much
higher. The second hypothesis leads to the penetra-
tion parameters, which magnitude is in qualitative
agreement with the A values for other known K-
forbidden E1-transitions.

This work was published in Nuclear Physics and
Atomic Energy 13, 356 (2012).

1. V.V.Bulgakov et al., Izv. Akad. Nauk SSSR, Ser. Fiz.
54,1011 (1990) (in Russian).

2. A.P. Lashko and T.N. Lashko, Nucl. Phys. At. Energy
2(24), 18 (2008) (in Russian).

3. P. Alexander, F. Bochm and E. Kankeleit, Phys. Rev.
133, B284 (1964).

48 IHCTUTYT AJAEPHUX JOCJIKEHb HAH YKPAIHU



SAHNEPHA OI3UKA

O MYJIbTHIIOJIbHOCTU TAMMA-IIEPEXO/JA 3/2° 3/2[411] — 7/2 7/2[523] B '®Ho

H. ®. MutpoxoBuy, A. IL Jlamko, T. H. Jlamko, JI. I1. Cunopenko

Hucmumym adepuvix uccaredosanuii HAH Yxpaunvl, Kues

Usoromsr 11 1Ho ortHOCSTCS K Ampam ¢
SIPKO BBIPAKEHHOW KBaJAPYIOJbHON aedopmanueit
(B2=0,3) u, ciemoBarenbHO, ¢ OOJBIINM KOJIAYE-
CTBOM POTalMOHHBIX MoJoc. [IoCKOIbKy MHTEHCUB-
HOCTb E2-TepexoJ0B MEX]y 4jeHaMM BpaliaTeib-
HBIX TOJIOC T10 TOPSJIKY BETUYUHBI COCTABISIET OKO-
JIO COTHU OJHOYACTUYHBIX E€IWHHUL, TaKas CUTYyalus
3HAYUTENBHO 3aTPYAHAET H3Y4EHHE MEKIOJIOCHBIX
[IEPEeX0/I0B, OCOOCHHO T€X, MYJIbTUIOIHHOCTH KOTO-
pbix ormmuna ot £1 wmm M1. B '®Ho mmxaiimee 110
SHEPruM HepoTalMOHHOE cocTosHne ¢ K™ =3/2"
pasMeraercsi cpasy e Haj ypoBHsMH 9/2° u 11/2°
POTAallMOHHOM TOJIOCEI OCHOBHOIO COCTOSIHHSL C
K"=17/2", npenocrapisis TeM CaMbiM BO3MOXHOCTb
uccienoBatb M2- unu E3-niepexobl, TOCPEICTBOM
KOTOPBIX MPOUCXOANT Pa3psAaKa 3TOTO YPOBHS.

IIpy M3ydyeHHH KOHBEPCHOHHOTO criektpa '°Dy
(T2 =2,3 9), bparMeHT cXeMBI pacraga KOTOPOTO
MIpeJICTaBJIeH Ha PUCYHKE, HAaMH ObLIO YCTaHOBIIEHO,
4yTO Yy-mepexon ¢ sHeprued 362 k3B mexnay mpo-
TOHHBIMH cocTostHHsAME K™ =3/2"3/2[411] u K" =
=7/277/2[523] B '®Ho wmmeer cmemaHHyO
(M2 + E3)-mynsTunonbHocTh [1]. Ilo cpaBHEeHHIO C
TEOPETHYECKUMHU OLIEHKaMU OJHOYACTHYHOM Moje-
mun Baiickonga M2-KOMIIOHEHT 3TOro TIepexona
3aTopMoxkeH (Fw(M2)=12) u 1is HErOo BO3MOXKHEI
aHoManuu B Kod(dduumeHTax BHYTpeHHEH KOHBEp-
cun y-myueir (KBK), oOycnoBnennsie sddexrom
MIPOHUKHOBEHHA. OTO OOCTOSITENBCTBO MOXET CY-
LIECTBEHHO MOBJIMATh Ha PE3yJNbTaThl pacyeToOB Be-
JUYWHBI TTapaMmeTpa cMmemuBanus O(E£3/M2) ma oc-
HOBE KOHBEPCHOHHBIX JaHHBIX U TpeOyeT JOMONHHU-
TENBHOTO U3yUYECHMUS.

7/2" 2,3 wacos

3 n3/2[411] 361,675
361,68 M2+E3 | 1266,80 (E3)

172 209,804

9/2 94,700

7/ 77/2[523] 0

165
Ho

dparmeHT cxeMbl pacraga ' Dy.

C 1enslo NONy4YuTh 0OJIEe TOYHBIC JaHHBIE 00
WHTCHCUBHOCTSAX JIMHUM DIICKTPOHOB BHYTPCHHEMH
kouBepcun (OBK) aroro y-mepexoma mHa K- m

[IOPIUHUK - 2012

L-o6onoukax '“Ho 6buin MIPOBEJIEHBI THIATEIbHbIE
UCCIICJIOBAHUST 3aBUCUMOCTH 3(PPEKTUBHOCTU PErH-
CTpalliil TO3UIMOHHO-YYBCTBUTEIBHOTO JIETEKTOpA
Y3 MUKPOKaHAJBHBIX IUIACTUH, PACIOJOKEHHOTO B
(hOKAIBHOM TUIOCKOCTH [-CIIEKTPOMETpa, OT MecTa
nerektupoBaHus. OHa OKa3alach HENUHEUHOH, U3-
Mmenstomeiics B mpenenax (10 - 15) % Bmoms ¢o-
KaJIbHOM IUTOCKOCTH CIIeKTpoMmeTpa. B pesymbpraTte
MOJTyYEHbI HOBBIC YTOUHEHHbBIC 3HAUCHUSI UHTCHCUB-
HocTel juHuE DBK (cM. Tabmuity), KOTOpBIE OBLIH
MpOaHAIM3UPOBaHbl ¢ y4eToM 3(ddekTa BHYTpH-
SIIEPHOM KOHBEPCHUHU.

OTHoCHTeIbHBbIE HHTEHCHBHOCTH JIMHUIA
9BK y-nepexona c sneprueii 362 k3B
na K- u L-o6on0uxax '“Ho

Oo6omouka | I., OTH. efI. Ob6omouka | I, OTH. ef.
K 643 £ 8 L, 17,9+ 0,8
L, 100 Ls 6,9+0,8

Cucrema ypaBHEHHU Ui aOCOJIOTHBIX M OTHO-
curenpHBIXx KBK [2] pemamace mo mMeromy Hau-
MEHBIUX KBaApaToOB. UTOOBI M30€kKaTh JTOKATBHBIX
MHHHMYMOB, HavaJbHBIC 3HAYCHUS A W O HAXOIH-
JUCh M3 PEIICHUS CUCTeMbl ypaBHeHMU rpaduye-
CKAM METOJIOM. Pe3ynbTaThl MOATOHKY CIEIYIOIINE:
-2,7 <A <255 |6(E3/M2)| = 0,329 + 0,022,

OmnpeneneHHas HaMH  BEJIWYHHA  TPUMECH
E3-MynbTUIONBHOCTH COOTBETCTBYET BEPOSITHOCTH
paguarnionHoro nepexona Fw(E3) = 0,02, uto cBu-
JIETEIBCTBYET O €€ KOJJICKTUBHOW MPHUPOJIE ¥, BO3-
MOYXHO, 06 OKTYTOIbHOI AeopMarmn siapa ' Ho.

B [3] ObuTH TIpOBENEHBI pacueThl CTPYKTYPHI BO3-
Oy KICHHBIX HEPOTAIIMOHHBIX COCTOSTHUIA
199161 163,165, g paMKax CBEPXTEKy4ed MOIEIU
apa C yYeTOM B3aWMOJCHCTBUS KBa3W4aCTHI[ C
BHOpAITMOHHBIMH (OHOHAMHU. BBIIO TMOKa3aHO, YTO
TOJILKO HIKAMIIUE COCTOSHUS OKA3aIUCh OMM3KUMU
K OJIHOKBAa3MYaCTHYHBIM, BO30YKIEHHBIE K€ CO-
CTOSIHUS COJIEpIKaT MPUMECH MHOTOKBa3H9IaCTHIHBIX
KOMITOHEHT. Hamm skcrnepuMeHTanbHbIe pe3yJIbTa-
THl O CTPYKType ypoBHs 3/2° 362 kB B '“Ho mox-
TBEPXKIAIOT 3TH BBIBOBI.

1. H.®. Mutpoxosuy, JLII. Cugnoperko u A.J. ®eok-
trctoB, M3B. AH CCCP. Cep. ¢us. 55, 2154 (1991).

2. R.S. Hager and E.C. Seltzer, Nucl. Data Tables A 6, 1
(1969).

3. B.I. Conosses, II. @orens u I'. FOurknayccen, Uss.
AH CCCP. Cep. ¢us. 31, 518 (1967).

49



AHOTALIIl POBIT

BO3BYKJIEHUE M30MEPHOI'O COCTOSIHUMS 8 B SIIPAX '2Sb B (p, n)-PEAKLIUN

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

Hucmumym soepuvix uccneoosanuti HAH Yxpaunwt, Kues

HUccnenoBanne N30MEPHBIX OTHOILCHUHN SIBISAETCS
OJHMM W3 METOJOB IOJy4YeHUS MHPOPMAIMH KaK O
CTPYKType BO30Y)XKIEHHBIX YPOBHEH Saep, Tak H O
MeXaHU3Max MPOTEKaHUsI SIIEPHBIX peakuid. Beioop
(p, n)-peakuu B OKOJIOTIOPOTOBOM 00JIACTH SHEPTUU
U TIpU OOJIBIION pa3HUIE CIIMHOB OCHOBHOTO W HM30-
MEpHOT'O COCTOSHUI MO3BOJISET OLEHUTH BKIAJ He-
CTaTUCTUYECKUX MEXaHU3MOB, CTPYKTYpPbl BO30YX-
JEHHBIX COCTOSIHMM OCTaTOYHOIO siApa Ipu 3acele-
HUHM MU30MEPHOTO COCTOSIHHS ITyTeM CpaBHEHHS JKC-
[IEPUMEHTAIBHBIX U TEOPETUYECKUX 3HAUCHHH H30-
MEpHBIX OTHOILIEHUM ceueHuil. Ilpu 3TomM mist HU3-
KODHEPTeTUYECKHX IPOTOHOB 3Ty OLIEHKY MOXHO
mpoBecTH Oojee OAHO3HauyHO. PaHee Hamu wH3yda-
JIOCh 3aceJeHHE BBICOKOCIIMHOBOTO H30MEPHOTrO
cocTosHuA 8 B Aapax '*’Sb B peaKIHAX C MPOTOHA-
MU U TaMMa-KBaHTaMH [1, 2] npu 3Ha4€HUU SHEPTUN
npoToHoB 6,7 M3B. Ilpu 3TOM H30MepHOE OTHOILIE-
HHE CEUYEHMH IS PEaKIuu 12(]Sn(p, n)'?*™#Sb cocra-
BHIIO: G/ = (7,4 £ 0,7)-107, 1 TO3TOMY BEI3BIBAET

1[;]_, oTcYyeTbl y1172
1 1209 [ 0+x 5.76 d
14 ] / Sb EC/4+ 0 15.89m
12- 1197
: E / 120,
10
: d Y1171
84
s-‘ 1205|.I
41 T 990 c
: M3M
24
o] I H_J'LM_NJ

L hd L . Ll . T hd L . L . T hd L hd L]
1150 1160 1170 1180 1190 1200 1210 1220 1230
E, kaB

OTpeNleJICHHBI HMHTEepeC MNPOAOJDKEHUE H3yUEHHS
3aCeJIeHHUs] 3TOr0 COCTOSHUS IPY MEHBUIMX 3Haue-
HUSX SHEPTHH POTOHOB.

MulieHb 13 €CTECTBEHHOTO O0JI0Ba TOJIIMHOMN
20 - 30 MM obmydvanack Ha yckoputene DI'TI-10K
MpYU 3HAYEHUAX dHEPTUU MpoToHoB 3,9 u 3,8 M»B.
TouHOoCTh OmpeneneHus 3Hepruu coctasiger 1 %.
OOmny4yeHHble MUIIEHH HU3Mepsiuch Ha (Ge-CHeKT-
pometpe ¢ addexTuBHOCTRIO peructparmu 30 % 1o
cpaBuenuto ¢ Nal(Tl) - nmerekropom paszmepamu
3" x 3" u SHepreTHUeCKMM pasperieHueM 2 k3B Ha
y-muaansix “Co.

Ha pucynke npuBeneHsl GparMeHThI Y-CIIEKTPOB
MpH HEpruu npoToHoB 3,9 MaB. Kak BuaHO, HaMu
YBEPEHHO HAOGIIONAIOTCA aKTHBHOCTH ' ~"™ESh,
Hcnone3ys nony4eHHble JaHHbIE M TA0JWYHbIE KOH-
CTaHTBI, MBI TIONYYWIN 3HAYEHHE H30MEPHOTO OT-
HOlTeHHs cevennit 1 2 'Sn(p, n)**™ESb — 6,/c, =
= (1,6 + 0,5)-10°. IIpu 3HaueHuu >uHeprun 3,8 M>B
HM30MEPHOE COCTOSTHIE HE 3aCeocCh.

N/ 02, oTcueTsl

] v197

17_ /120m

1641 ©

15-

14-

13-

12.‘ T“m =313000c

11 —————
190 195 200 205 210 215 220

E, k2B

®parMeHTHI Y-CIIeKTpa 00Ty4YeHHON MUIIEHH 0JI0Ba, M3MEPEHHBIE cpa3y Imocie o0IydeHus (a) u uepes cyTk (0).

Teoperudeckuil pacueT M30MEPHBIX OTHOIICHUN
CEUYCHHUM MPOBOAWIICA C IOMOIIBIO IMPOTPaMMHOTO
makera TALYS-1.0 [3]. B Hem 3al105KeHBI CTaTUCTH-
YECKUU U MPEAPaBHOBECHBIN MEXaHM3MBI MPOTEKa-
HUS SAEPHBIX peakuuii. B mpomecce MonennpoBaHus
TEOPETHYECKOE 3HAUYCHHE W30MEPHOTO OTHOIIICHHS
CEUYCHMI COCTaBHIIO 1,5-10'4. VYuuteiBas TO, 4TO NpH
SHepruu mnpotoHoB 3,9 MaB 3HaueHue »Hepruu
BO3OYXKICHHS  OCTAaTOYHOTO  sApa  COCTaBIISIET
400 3B, a mpu 3,8 MaB — 300 k3B, BO3MOXHO Ha-
JUYHE B 3TOM SHEPreTUYECKOM Aramna3zoHe BBICOKO-

50

CIIMHOBBIX BO36y)KI[€HHBIX COCTOﬂHHﬁ,
3aCCIAI0T U30OMEPHOE COCTOAHUC.

KOTOp&BIC

1. B.A.Xentonoxckuit u A.H. Caspacos, 13e. PAH.
Cep. ®us. 74, 861 (2010).

2. B.A. Xentonoxckuit u A.H. CaBpacos, 13B. PAH.
Cep. Dus. 75, 1349 (2011).

3. A.J. Koning, S. Hilaire, and M.C. Duijvestijn, in Proc.
of the Int. Conf. on Nuclear Data for Science and
Technology, 2005, p. 1154.
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HCCJIEJOBAHUE ®PATMEHTOB ®OTOJEJEHUSA **U U *'Am

N. H. BumuneBckuii, B. A. JKenronoxckuii, A. H. Cappacos, E. Il. PoBenckux

Hucmumym soepuvix uccneoosanuti HAH Yxpaunwt, Kues

Usmepenune cpeaHUX YITIOBBIX MOMEHTOB OCKOJI-
KOB JICJICHUS TIPEICTABIIAICT OOJBIION HAYYHBIN HH-
Tepec, TaKk Kak JI0 CUX MOp OTCYTCTBYET SICHOE TIOHU-
MaHHE OJHOBPEMEHHOI'O CYILECTBOBaHMA ABYX KaHa-
JIOB JIEJICHUSI: ACUMMETPUYHOTO U CUMMETPUYHOTO.

Llens nanHoW pabOTHI — MCCIENOBAHUE CPEIHUX
YIJIOBBIX MOMEHTOB OCKOJIKOB TNpH (DOTOAEIEHUH
anep “°U u *'Am u aHanm3 BIMAHUSA M3MEHEHHS
Yrcia HEUTPOHOB B IEJIALIMXCS CHCTEMAX.

B uccrenoBaHMsx HMCIONB30Bajach aKTHBALWHU-
OHHas MeroauKka. i H3MepeHuil NpPUMEHSIINCH
MUIIEHH W3 YpaHa U aMepHIMs, oborameHHbe U
u **'Am. O6nyuenne mumenn ¢ ~>>U IpoBOAHIOCH
Y-KBaHTaMHU TOPMO3HOT'O CHEKTPa 3JIEKTPOHOB MHK-

potpona M-30 ¢ sueprueit 17 u 10,5 M»B, a mue-
ur ¢ **' Am — TOPMO3HBIMH y-KBaHTAaMH OT JIEKTPO-
HOB ¢ ’Heprueit 9,8 MaB. ObnyueHne mpoBOAUIOCH
B TedyeHue 5 - 10 muH. u uepe3 15 - 20 ¢ HaunHaAIKCH
n3Mepenus Ha Ge-crekTpomeTpax. OKCIEpHMEH-
TaJbHbIE 3HAYEHHS H30MEPHBIX OTHOIIEHUI BBIXO-
JIOB BBIUMCIISUIMCH C YYETOM BKJIaAa OT P-pacmana
n300apHBIX SIA€P B BBIXOIBI HCCIEAYEMBIX H30MEp-
HBIX IIap, AETAJbHOE ONMCAaHHE TaKUX pPacdyeToB
MOYHO HaWTh B [1].

[Tony4yeHHble DaHHBIE O CPEOHUX YIJIOBBIX MO-
MEeHTaX 0cKoJIKoB jernerus > U u **' Am npueens!
B TabuIE.

Cpe[u-me yrioBbi¢ MOMEHTBI OCKOJIKOB I€JICHUSA

H3omepHas 2y U121 “"Np [3] “Am
napa 17 MaB 10,5 M»B 9,6 MaB 9,8 MaB 17 MaB 9,8 MaB 17 M»aB [3]
0meRb 2,0(3) 2,2(3) 1,5(2) 1,5(3) 2,5(3) 2,5(3) 2,003)
133m.eTe 6,6(8) 6,6(8) 6,5(5) 6,3(8) 6,3(18) 6,2(12) 5,1(12)
134m.e 8,4(4) 8,2(3) 6,9(1) 8,8(2) 8,7(2) 8,8(3) 8,2(2)
13smex e 3,5(1) 2,4(1) 2,4(1) 2,9(1) 4.2(1) 2,9(1) 4,5(1)
B Tabnuue NpUBEACHH BEIMUMHBI <.J > IS TPEIIHOCTH M3MEPEHHHl BeMMUMHBI <.J > c1a6o

W3y4YaBIIUXCS AP M Ul CPaBHEHHS NPHUBEICHEI
naHHEIE 0 oToneneHuy > U TOPMO3HBIMHU Y-KBaH-
TaMH C TPaHMYHOM sHeprueii 9,6 MaB [2], *'Np
Y-KBaHTaMU ¢ rpaHn4HoOl sHepruer 9.8 u 17 MaB u
' Am y-KBaHTaMM C TpaHHUYHO# SHeprueii 17 MsB
[3]. C y4eToM MOTpemHoCTH U3MEPEHH He HabII0-
JlaeTcsd 3HAUUTENbHBIX M3MEHEHHH NMpH HU3MEHEHHU
SHEprUM B <.J > IS JIETKOTO OCKONKa ''Rb Kkak B
YEeTHBIX MO Z JENAIINXCS CHCTeMaX, TaK U B HEYeT-
HbIX. MBI HAGITIO1aeM YMeHbIIeHne <.J > s - Xe
IIPY YMEHBIIEHUH SHEPIHU TOPMO3HBIX Y-KBAaHTOB.
YmMmensbienue 3uepruu Ha 6 MaB Ha ¢one 200 M»B,
KOTOpasi BBIAENSETCS B IpoLecce ACNeHUs, BPs JIH
BIHAET HAa H3MeHeHHMe<.J >. bBolee BEepOATHBIM
(akTopoMm sIBISIETCS TO, YTO Ipu 3Heprun 17 MsB
JOMHUHHPYIOIINM SIBIISIETCS (DOTOMEIECHHUE C BBIJIETOM
OwIcTporo HEUTpOHA (Y, nf), T. €. MPOUCXOIUT POTO-
JICIeHHE HAa HEYETHO-HEUeTHBIX saapax —'Np u
*0Am. 310 yka3bIBaeT HA GOJBLIYIO POIb HEYETHO-
HEUYETHBIX W YETHO-HEUeTHBIX d(dexToB. B TO ke
BpeMsI COBEpIIEHHO HHOE TOBEACHHE BEITHYWH
<J> s saep 33Te u 1341, XOTSI YUCIIO HEUTPOHOB
B HuXx N = 81, xak u mis1 °Xe. B mpenemax mo-

[IOPIUHUK - 2012

3aBHUCST KaK OT U3MeHeHusI N U Z B ACISAIIUXCS CUC-
TeMaX, TaKk W OT DHEPTrHM TOPMO3HBIX Y-KBAaHTOB.
Bo3M0XHO, 94TO B 3TOM ciiydae OOJBIIYIO POJb HI-
paeT TO, YTO JIETKUN OCKOJIOK NEICHUS HAXOIUTCS
Mo Z B TpaHWYHOU obOnacTtu. Benmnuwnaa Z B mape ¢
X e HAXOMUTCS HUKE TIOMyMarHueckoro yucia Z =
40, a pa 3Te u **1 Boime. A 1o MPUBOJUT K U3-
MEHEHHIO TUIOTHOCTH HHU3KOCIIHHOBBIX COCTOSIHHU C
KOHOQUTYpALUIMHA TIP3/, U TP/, IO CPABHEHUIO C BBI-
COKOCITMHOBBIMU COCTOSIHUSIMH, KOTOPBIE OIMHCHIBA-
I0TCSl KOHQUTYpAIHEH TTgo/.

Pe3ymbraTer 3TON pabOTH OymyT OIMYyOIMKOBAHBI
B [4].

1. W.H. Bumaesckuii, B.A Xenronoxckuii, O.U. JlaBu-
noBckas u op., 3. PAH. Cep. ¢us. 73, 782 (2009).

2. W.H. Bummnesckuii, O.W. [laBunosckas, B.A. Xenro-
noxckuii 1 A.H. CaBpacos, 13B. PAH. Cep. ¢us. 74,
538 (2010).

3. WN.H. Bumnerckuii, B.A. XXentonoxckuii u A.H. Cas-
pacos, 13e. PAH. Cep. dus. 76, 1017 (2012).

4. W.H. Bummnesckuii, B.A. XXenronoxckuii u A.H. Cas-
pacos, 13B. PAH. Cep. dus. (B meuarn).
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Isotope '°Cd is one of the most promising 2p"
nuclides thanks to large energy release (O =
=2775.31 £0.10 keV) and comparatively high natu-
ral abundance (1.25£0.06 %). '*°Cd is also rather
promising taking into account theoretical predic-
tions. A low background experiment using radiopure
cadmium tungstate crystal scintillator (215 g) en-
riched in '®Cd to 66 % [1] has been realized at the
underground Gran Sasso National Laboratories of
the INFN. Background of the detector below
0.6 MeV is caused mainly by P active '“"Cd
(= 116 Bg/kg). We have found surface contamina-
tion of the crystal by **’Bi on the level of 3 mBq,
which provide a considerable part of the background
up to = 2.5 MeV. Activities of U/Th in the scintilla-
tor are rather low: ~0.04 mBg/kg of **Th and
~0.01 mBg/kg of **°Ra. Total o activity of U/Th is
on the level of = 2 mBg/kg.

After 6590 h of data taking (see obtained energy
spectrum in Figure) new improved limits on 2[3 de-
cay of '®Cd were set on the level of 10" - 10*' yr, in
particular: 797¢>2.4 - 10™ yr, T20%*>7.7 - 10" yr,

1/2
and 7777 >3.9 - 10* yr. Resonant 0v2¢ processes

have been restricted as T9:>3.8 - 10 yr and
T9%>9.6 - 10 yr (all the limits at 90 % CL). A

possible resonant enhancement of Ov2e processes
was also estimated in the framework of QRPA ap-
proach. The half-life of the resonant decay depends
on the difference between the value of 0,3 and ener-
gies of the appropriate excited levels of '“Pd. The
half-life comes to 7y, ~ 10%* yr when the difference
tends to zero.

A next stage of the experiment is in preparation.
We are going to install a low background scintilla-
tion detector with the '"®CdWO, crystal in the
GeMulti ultra-low background set-up with four
225 cm® HPGe detectors to reach a sensitivity to the
2veB” process on the level of theoretical predictions
Tip ~ 107107 yr.

3
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—
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£ E ) ,
é i 2vep’ T, =7.7x 10" yr &
10 -
Ovep™ 7,,=2.7x% 10" yr
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Energy (keV)
Part of the energy spectrum of y and B events accumu-
lated with '°°CdWO, detector over 6590 h (circles) and its
fit in the energy interval 840 - 2800 keV (solid line) to-
gether with the excluded distributions of 2veB” and Ovep”
decay of '%°Cd.

The results of the experiment are reported in [2].

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

1. P.
2. P.Belli et al., Phys. Rev. C 85, 044610 (2012).
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A NEXT GENERATION NEUTRINOLESS DOUBLE BETA DECAY EXPERIMENT
BASED ON ZnMoO; SCINTILLATING BOLOMETERS
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The search for neutrinoless double [} decay
probes lepton number conservation with high sensi-
tivity and investigates the neutrino nature and mass
scale. Experiments presently in preparation will
cover the quasi-degeneracy region of the neutrino
mass pattern. Probing the so-called inverted hierar-
chy region requires improved sensitivities and next-
generation experiments, based either on large expan-
sions of the present searches or on new ideas. We
examine here the potential of a novel technology
relying on ZnMoQ, scintillating bolometers [1],
which can provide an experiment with background
close to zero in the ton x year exposure scale.
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The ratio of the light-to-heat energy for the same event
(using the light detector with better performance) is plot-
ted against the y-calibrated heat energy. The a band (po-
pulated by a **' Am source) is neatly separated from the p
band (containing also ys and muons). Lines define 99.9 %
confidence level regions. Grey points indicate o events
selected with pulse shape discrimination in the heat chan-
nel. In an underground set-up, the B band would not be
populated above 2615 keV, due to a substantial reduction
of the cosmic ray flux. In the inset, a-calibrated energy
spectra containing only o events are reported, with (red)
and without (black) the **' Am source.
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The promising performance of a pilot detector is
presented, both in terms of energy resolution and
background control. An excellent energy resolution
of a detector with a ZnMoOj, crystal 15 x 15 x 5 mm
(FWHM) 3.8 keV was obtained for 2615 keV vy
quanta of *®*T1. The discrimination capability of the
detector is presented in the Figure.

A preliminary study of the sensitivities of future
experiments shows that the inverted hierarchy region
(the effective Majorana neutrino mass (m,)~ 0.02 -
- 0.05 eV) is within the reach of the technique here
proposed. In particular, an experiment with 2 thou-
sands ZnMoOj crystals enriched in 1Mo 0.4 kg each
can reach a sensitivity to 0v2p decay of '“’Mo on the
level of Ty, ~9-10% yr, which corresponds, taking
into account the recent calculations of the matrix
elements [2, 3, 4, 5], to (m,) ~ 0.013 - 0.036 eV.

The work of F. A. Danevich was supported by a
Cariplo Foundation fellowship organized by the
Landau Network — Centro Volta (Como, Italy). The
group from the Institute for Nuclear Research (Kyiv,
Ukraine) was supported in part through the Project
“Kosmomikrofizyka-2” (Astroparticle Physics) of
the National Academy of Sciences of Ukraine. The
light detectors have been realized within the project
LUCIFER, funded by the European Research Coun-
cil under the EU Seventh Framework Programme
(ERC grant agreement n. 247115).

A paper describing the results of this work is
published in [6].
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Neutrinoless double beta (0v2p) decay is a key
process in particle physics since it provides the only
experimentally viable possibility to test the Majo-
rana nature of neutrino and the lepton number con-
servation, establishing in the meantime the absolute
scale and the hierarchy of the neutrino masses.

Cryogenic bolometers [1 - 4] are viable candi-
dates to realize high-sensitivity experiments involv-
ing different isotopes with high energy resolution
and detection efficiency.

However, a disadvantage of cryogenic bolome-
ters is their poor time resolution on the ms level.
This can lead to a background component at the
energy (O3 due to random coincidences of lower
energy signals, especially those due to the unavoid-
able two neutrino double beta decay (2v2[3) events.
The distribution for the sum of electron energies is
shown for '®Mo in Figure.

g
:
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Distribution for the sum of energies of two electrons
emitted in 2v2B decay of '"Mo and energy spectrum of
10® two randomly coincident 2v2p events for '“Mo
obtained by Monte Carlo simulation.

Background B,. caused by random coincidences
of 2v23 events has the following dependence on the
energy resolution R, the volume of the detector V,
the abundance or enrichment o of the candidate nu-
clei contained in the detector:

Be~1-R-(T0;7 )% V. & (1)

Counting rates of detectors with 100 cm® volume
(typical for large mass bolometers) at the energy of
0v2pB decay for different 23 candidates and com-
pounds are presented the Table.

Counting rate of two randomly coincident 2v2f events
in cryogenic Zn*Se, “Ca'"Mo0,, Zn'""MoO,,
16CcqwO, and TeO, detectors of 100 cm® volume.
Enrichment of *Se, '"Mo and '"°Cd is assumed
100 %, while for Te the natural isotopic abundance
(34.08 %) is taken. B,. is the counting rate at Q, in
counts/(keV-kg'yr) under assumption of 1 ms time
resolution of the detectors

Isotope | 717" (yr)[8] Detector B
£25e 9.2-10" Zn*’Se 5.9-10°
1Mo 7.1-10"% | ®Ca™Mo0, | 3.8-10*
Zn'"MoO, | 2.9x10*
15Cd 2.8-10" 15CdWO, 14-10°
130Te 6.8 - 107 TeO, 1.1-10°8

Advancement of time resolution of cryogenic de-
tectors plays a key role to suppress the background.
However, we have shown that the present technol-
ogy is already compatible with searches at the sensi-
tivity frontier. For further improvements, experimen-
tal efforts should be concentrated on the time prop-
erties of the light signal, potentially much faster than
the heat pulses of a scintillating bolometer. Achie-
ving a time resolution below 0.1 ms could make the
background totally negligible even for the difficult
case of '"’Mo. Such a performance could be obtained
by using sensors sensitive to out-of-equilibrium
phonons or intrinsically fast [5 - 7].

A more direct way to decrease the pile-up effect
is to reduce the volume of the main absorber (and
increasing correspondingly the number of array ele-
ments), on which the random coincidence rate de-
pends quadratically, as shown in Eq. (1).

A paper describing the results of this work is
published in [9].
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An experiment to search for the double  decay
of '""°Cd is in progress at the Gran Sasso National
Laboratories of the INFN (Italy) by using two radio-
pure '"®*CdWO, crystal scintillators (= 0.58 kg each)
enriched in ''°Cd to 82 % [1]. The energy resolution
of the detector is FWHM = 5.5 % at Oy of H6cd
(2813 keV) and the measured background rate is
0.28 counts/(yr x keV x kg) in the 2.7 - 2.9 MeV
energy interval. The main components of the back-
ground in the vicinity of Ov2f decay of ''°Cd are y
quanta of *®T1 from the contamination of the set-up,
internal contamination of the ''*CdWO, crystal scin-
tillators by ***Th and cosmogenic ''""Ag.

I
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The energy spectrum of y(f) events measured with the
16CdWO, scintillation detector over 7593 h in the low-
background set-up (points) together with the fit (solid
black line). The main components of the background are
also shown: 2v2B decay of ''°Cd, the distributions of
internal “°K, **’Th, ***U, and cosmogenic 11OmAg, the
contribution from external y quanta from the details of the
set-up (“external y”’) under these experimental conditions.
The energies are in keV.
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After = 1 kg x yr of the data taking the two neu-
trino double B decay (2v2B) of ''°Cd was measured
with T, = 2.5(5) - 10" yr (see Figure) in agreement
with the results of previous experiments. In addition,
the new limits on 2P transitions of ''°Cd to few ex-
cited states of ''°Sn have been restricted on the level
of 10% - 10*' yr (see Table). All the half-life limits
obtained in the present work are near one order of
magnitude higher than those known previously.

The half-lives for 28 decay ''°Cd — "'*Sn.
Limits are given with 90 % CL

Decay

channel Level of ''®Sn Tip

2v2B° g.s. =2.5(5) 10" yr
2,7 (2112) >6.0- 10" yr
27 (2225) >6.7-10" yr

Ov2p~ 0," (2027) >6.7-10" yr
2, (2112) >82- 107 yr
257 (2225) >6.7-10" yr

A sensitivity of the experiment to 0v2f3 decay of
"°Cd after 5 yr of measurements is expected to be
Ty ~ (0.5 - 1.5) - 10** yr (it corresponds to the effec-
tive neutrino mass (m,)= 0.4-1.4 eV) after im-
provement of the background thanks to installation
of an additional active/passive shield and recrystalli-
zation of the '"®*CdWO, crystals. An R&D to im-
prove the background conditions is in progress.

The results of this work are reported in [2].

1. A.S. Barabash et al., JINST 06, P08011 (2011).

2. A.S. Barabash et al., in Proc. of the 4" Int. Conf. “Nu-
clear Physics and Atomic Energy”, Ukraine, Kyiv,
Sept. 3 -7, 2012 (Kyiv, 2013), p. 353.
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The axion (a) is a hypothetical particle arising in
an elegant solution of the so-called “strong CP prob-
lem” of quantum chromodynamics proposed by
Peccei and Quinn in 1977 [1]. If axions exist, they
could be intensively born inside the Sun: (1) in the
interaction of the thermal y quanta with the solar
electromagnetic fields due to the Primakoff effect;
the energy spectrum of these axions is continuous up
to ~20 keV with the mean value of ~4.2 keV; (2)
axions can be emitted instead of y quanta in deexci-
tations of excited nuclear levels in magnetic transi-
tions; their spectrum is quasi-monoenergetic. Nuclei
can be excited due to the thermal movement (in the
center of the Sun the temperature is ~1.3 keV); evi-
dently, nuclei with excited levels at low energies
E... are preferable ("Fe: E,.. = 14.4 keV, ¥Kr: E,,. =
=9.4 keV). Also, the nuclear levels can be populated
in the nuclear reactions inside the Sun, e.g. in the
main pp cycle: 'Be+e —'Li+v, with 10.52 % popu-
lation of the 'Li level with 477.6 keV energy. The
decay scheme of the 'Be in terrestrial conditions is
shown in Fig. 1.
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Fig. 1. Decay scheme of "Be.

The resonant excitation of nuclei as an experi-
mental scheme of searching for quasi-monoenergetic
solar axions was proposed in [2]. Quasi-
monoenergetic axions emitted in the Sun in magne-
tic transitions instead of y quanta by excited nuclei
(7Li, SFe, ¥Kr or others) could, coming to the Earth,
resonantly excite corresponding levels of the same
nuclei in some sample. Gamma quanta (and/or con-
version electrons) emitted in the subsequent deexci-

tation processes can be observed with the help of
detectors located near a sample with 'Li, >'Fe, *Kr
(or incorporating these nuclei). The positive effect
was not observed to-date in any performed experi-
ment, and only limits on the probability of the proc-
ess (and corresponding values of the coupling con-
stant of axions to nucleons g,y and axion mass m,)
were obtained.

To search for y quantum of 477.6 keV emitted
after possible resonant absorption of solar "Li axions
by 'Li nuclei at the Earth, we performed long-term
(4044 h) measurements of the radiopure LiF crystal
sample with mass of 552.6 g in the underground
conditions of the Gran Sasso National Laboratories
(3600 m w.e.) with low background HP Ge detector
(244 cm’). The peak at energy 477.6 keV is not ob-
served (Fig. 2) that leads to the new limit on the
mass of the monochromatic axions coupled to nu-
cleons: m, < 8.6 keV at 90 % CL. This is the best
limit obtained in the experiments with resonant ab-
sorption in 'Li nuclei. In the used approach, the ax-
ions are coupled to nucleons both at the production
and at the absorption processes, and thus the m, limit
is related only to the axion-nucleon coupling con-
stant g,y; uncertainties related with coupling to y
quanta and electrons, g,, and g, disappear. The
results are published in [3].
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Fig. 2. The energy spectrum measured with the LiF sam-
ple (4044 h) around the expected 'Li 477.6 keV peak
(points with the error bars) and its fit (continuous curve).
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MOIIYK COHSAYHUX AKCIOHIB, IO YTBOPIOKOTHCS B PEAKIII p(d, *He)A,
3A JOIIOMOI'OI0O JETEKTOPA BOREXINO

B. B. Koouues (Bix xo1a6opauii Borexino)

Tnemumym adeprux docnioswcens HAH Vipainu, Kuis

3a 10NOMOroI0 HaJHU3BKO(OHOBOTO PiIKOCLIMH-
TWISILIHHOTO JleTeKTopa Borexino 3 akTWBHOIO Ma-
coro mimreHi 278 T [1], sIKuii 3HAXOIUTHCS Y IMiI3EM-
Hill maboparopii ['pan-Cacco, OyB mpoBeneHui 1Mo0-
IIyK MOHOCHEPIeTMYHUX AaKCIOHIB 3 EHEpPTi€lo
5,5 MeB, 1mo MOXyThb YTBOPIOBATHCS B MPOTOH-
nporonHoMy 1ukiai  Ha CoHumi B peakiii
p+D— *He + A. Bynu po3risHyTi:

1) KoMOTOHIBChKAa KOHBEPCisS aKCiOHIB Y (POTOHH
A+e—ety;

2) akcio-eneKTpu4HUil e(eKT Ha eNeKTPOHaX
aTOMHUX 000JIOHOK A +e+7Z — e+ Z;

3) nBodhoTOHHMUI po3naxa akciona 4 — 2y;

4) 3popotHuii edekt [IpumMakoBa B €IEKTPUIHO-
My ot simpa A + Z >y + Z.

J1st BCiX IMX peakIliii eKCIepUMEHTATEHOIO 03-
HaKoIO € TiK 3 eHeprieio 5,5 MeB B eHepreTHuHOMY
CHEKTpi JeTeKTOpa.

He 3mHaiineHo HISKMX CTaTUCTHYHO 3HAYMMHX
BKa3iBOK B3a€MOJIii aKCiOHIB i3 PEYOBHUHOIO JETEK-
topa. Jnsg akcioHiB macoro MeHme 1 MeB Oymu
BCTaHOBJIEHI HOBi MOJIETTbHO HE3aJlIe)KHI BEPXHI 00-
ME)KEHHsI Ha TIOCTiiHI 3B’SI3Ky aKCiOHIB 3 €JIeKTpo-
Hamu, potoHamu Ta HykioHamu (CL = 90 %):

|ue - &av| < 5,510,
| @y - aan| <4,6 - 107" TeB ™.
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SIKIIO MPHITYCTUTH, IO MOCTilHA 3B’S3KY aKcio-
Ha C HYKJIIOHOM g3,y 3QJISKHUTh BiJl MaCH aKCioHa 3a
Moxaemtio KSVZ [2, 3], 3 oTpuMaHuX JaHUX BUILIH-
BatoTh BepxHi oomexxeHHs1 (CL =90 %) Ha 3B’s130K
akcioHa 3 eJEeKTPOHOM i 3 (poToOHOM sK (yHKIIS
MacH aKkcioHa:

|gue - m4| <2,0- 107 eB,
|y - my| < 1,7 1077,

OTpumMaHi HOBI 00MEKEHHS BUKIIOYAIOTH BEITUKY
YaCTHHY MOXKJIMBOTO MPOCTOPY HapaMeTpiB (Zue, 7.4)
Ta (g4y, M4). LIi oOMexeHHs Ha 2 - 4 MOPSIIKU CUIIb-
HIITi 32 OTPUMaHI B TIOTIEPEAHIX JTaOOpaTOPHHUX EKC-
MepUMEHTaxX 3 BUKOPUCTAHHAM AJIEPHUX PEAKTOPIB 1
MPUCKOPIOBAYiB.

PesymeraT omy0OmikoBaHo B po6oTi [4].

1. G. Alimonti et al. (Borexino Coll.), Nucl. Instr. and
Meth. A 600, 568 (2009).

2. J.E.Kim, Phys. Rev. Lett. 43, 103 (1979).

3. M.A. Shifman, A.L Vainstein, and V.. Zakharov,
Nucl. Phys. B 166, 493 (1980).

4. G. Bellini et al. (Borexino Coll.), Phys. Rev. D 85,
092003 (2012).
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RESPONSE OF CdWO4 CRYSTAL SCINTILLATOR FOR FEW MeV IONS
AND LOW ENERGY ELECTRONS

P. G. Bizzeti', L. Carraresi', F. A. Danevichz, T. Fazzini', P. R. Maurenzigl,
F. Taccetti', N. Taccetti', V. I. Tretyak®

! Dipartimento di Fisica, Universita degli Studi di Firenze
and Istituto Nazionale di Fisica Nucleare, Sezione di Firenze, Firenze, Italy
? Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

Numerous astronomical and cosmological obser-
vations suggest that most of the matter in the Uni-
verse is non-luminous and non-baryonic, while usual
matter constitutes only =4 % of the Universe and
the main components are dark matter (= 23 %) and
dark energy (= 73 %) [1, 2]. Dark matter is prefera-
bly related to neutral particles weakly interacting
with matter (Weakly Interacting Massive Particles,
WIMPs). Knowledge of quenching factor, QF (i.e.
ratio of the measured ion energy in vy scale of a scin-
tillator to its real energy) is important to predict
where the WIMPs signal should be expected.

The QFs for different ions in a scintillator could
be related [3]. Therefore, on the basis of measure-
ments of QFs for particles of some kind in some
energy region, one would be able to calculate QFs
for low energy nuclear recoils. Further evidences in
favour of this hypothesis were given in [4].

A response of a CdWO, crystal 10 x 20 x 25 mm
to few MeV energy ions was measured by using the
Tandetron accelerator of LABEC at the INFN-
Florence [5]. The measured quenching factors for
protons (1.0, 2.0, 3.0, 4.0 MeV), Li (3.0, 4.5 MeV),
C (3.0, 5.1, 7.5 MeV), O (6.0 MeV) and Ti
(10.0 MeV) ions are presented in Fig. 1. The ex-
perimental points were fitted by curves calculated
with approach [4] (see Fig. 1).

m
S CdwWO, -
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Fig. 1. Quenching factors for protons (e), a particles (m),
Li (A), C (V¥), O(*) and Ti(0) ions measured with the
CdWOy crystal scintillator. Solid lines represent calcula-
tions in accordance with [4].

The non-proportionality of the CdWO, scintilla-
tor for low energy electrons (4 - 110 keV) was stud-
ied with the Compton Coincidence Technique. The
results of the measurements are presented in Fig. 2.
The relative light yield remains substantially stable
at the 100 % value above 80 keV, decreases slowly
at lower energies down to 95 % at 20 keV and more
deeply below this energy. The experimental data are
better described by the Birk’s law with the value
kB=9.0 mgxcm *xMeV"', when the points at
E > 20 keV are perfectly described, while disagree-
ment still is present at lower energies. One could
assume that the mechanisms of quenching for ions
and non-linear response to low energy electrons (ys)
are different.

1.05 —

= e_s}-'}«seé—-ﬂ’é—"‘-t‘?_—-‘%:%?‘?‘w
1 = T E——
0.95 - ¥ Lo

0.9 /,x
0.85 1 T

T TSkB=174 i11ga’i\'r|1: MeV)
0.8-

0.75 %
0.7
1] J ENSCHSEEUI SESISSSI SSEHMSSSS SESS_—"—_CU___—_
0 20 40 60 80 100
Energy (keV)
Fig. 2. Relative light yield (normalized to 1 at 100 keV)

as a function of the electron energy. Lines show calcula-
tions with different kB values (see [6] for details).

Relative light yield

kB=9.0 mg/(cm’ MeV)

Pulse-shape discrimination ability between <y
quanta, protons, o particles and ions was investi-
gated too.

The results of this work are published in [6].

1. J.L. Feng, Annual Review of Astronomy and Astro-
physics 48, 495 (2010).

2. G. Bertone (Ed.), Particle Dark Matter. Observations,
Models and Searches (Cambridge University Press,
2010).

3. 1.B. Birks, The Theory and Practice of Scintillation
Counting (Pergamon Press, Oxford, 1964).

4. V.1 Tretyak, Astroparticle Physics 33, 40 (2010).

N. Taccetti et al., Nucl. Instr. Meth. B 188, 255

(2002).

6. P.G. Bizzeti et al., Nucl. Instr. Meth. A 696, 144
(2012).
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ABSENCE OF A DAY-NIGHT ASYMMETRY
IN THE 'Be SOLAR NEUTRINO RATE IN BOREXINO

V. V. Kobychev (on behalf of Borexino collaboration)

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

The Borexino experiment (placed in Laboratori
Nazionali del Gran Sasso, Italy) detects low energy
solar neutrinos by means of their elastic scattering
on electrons in a large volume liquid scintillator
detector. Real-time detection (with =1 us absolute
time resolution) of all events is made by collecting
the scintillation light with a large set of photomulti-
pliers. The very low intrinsic radioactivity of the
scintillator and of the materials surrounding allows a
clean spectral separation between the neutrino sig-
nals and the residual background. The detector is
described in details elsewhere [1].

As the neutrino-electron elastic scattering cross
section is different for v, and v,—v,, Borexino can
measure the electron neutrino survival probability
and is, as a result, sensitive to the day-night effect
(coherent re-generation of the v, flavor eigenstate
when solar neutrinos propagate through the Earth, as
they do during the night, due to so-called Mikheyev
- Smirnov - Wolfenstein (MSW) matter-enhanced
neutrino oscillation mechanism).

[IOPIUHUK - 2012

A search for a day-night asymmetry in the 'Be
solar neutrino interaction rate in the Borexino detec-
tor has been performed for day and night live-times
of 360.25 and 380.63 days, respectively. The meas-
ured asymmetry is A4, = 0.001 £0.012 (stat) = 0.007
(syst) (here the asymmetry parameter A, is defined
as ,Rv—Ry ). This result is in agreement with the

R, +R,

prediction of MSW-LMA solution for neutrino os-
cillations and disfavors MSW oscillations with mix-
ing parameters in the LOW region at more than
8.5 6. The MSW-LOW region is, for the first time,
strongly disfavored without the use of reactor anti-
neutrino data and therefore the assumption of CPT
symmetry. The result can also be used to constrain
some neutrino oscillation scenarios involving new
physics.

The work is published in [2].

1. G. Alimonti et al., Borexino Collaboration, Nucl.
Instr. Methods A 600, 568 (2009).

2. G. Bellini et al., Borexino Collaboration, Phys. Lett. B
707,22 (2012).
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BOREXINO CALIBRATIONS: HARDWARE, METHODS, AND RESULTS

V. V. Kobychev (on behalf of Borexino Collaboration)

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

Borexino is a large volume liquid scintillator de-
tector located at the Laboratori Nazionali del Gran
Sasso (LNGS), Italy. The main goal of this experi-
ment is the study of the sub-MeV part of the solar
neutrino spectrum, in particular the monochromatic
"Be neutrinos. Borexino succeeded to perform the
first real-time detection of 'Be neutrinos [1] and
measured their flux and day/night asymmetry [2 - 4]
with a high precision. Furthermore, a detailed solar
neutrino spectroscopic measurement of the solar pep
and ®B neutrinos was carried out and the most strin-
gent limit on the CNO neutrino rate was determined
[5, 6]. Borexino also proved to be a clean anti-
neutrino detector that was able to observe geo-
neutrinos [7] and to set new limits on anti-neutrino
fluxes from the Sun and other unknown sources [8].
The extremely clean environment of the Borexino
detector allowed to search for rare or forbidden
processes like Pauli violating transitions [9], or for
axions produced in the Sun [10].

The key requirements for the success of Borexino
are the radiopurity of its scintillator and the com-
plete knowledge of the detector’s response. The
latter can be accomplished through calibrations us-
ing sources of different types (o, P, y and neutron
emitters; laser source) that cover different energy
regions. Several internal and external calibration
campaigns were successfully performed in the pe-
riod between 2008 and 2011. The calibrations pro-
vided a detailed understanding of the detector re-
sponse and led to a significant reduction of the sys-
tematic uncertainties in the Borexino measurements.
In total, twelve different a, P, and y sources were
deployed in 295 positions in the highly radio-pure
Borexino scintillator without introducing any detect-
able contamination. Moreover, a 5 MBq “**Th y
source was placed in ten positions close to the sur-
face of the stainless steel sphere (containing the
scintillator) in order to study the external y ray back-
ground originating from the outer detector compo-
nents. The calibration procedures preserved the ra-
diopurity of the scintillator.

Several important results were achieved. The po-
sition reconstruction algorithm was calibrated at a
precision of a few percent using the internal calibra-
tion data. As a result, the systematic uncertainty of

the fiducial volume and thus of the solar neutrino
rate could be drastically reduced [1]. The internal
calibration campaigns also provided important in-
formation regarding the energy response of the
Borexino detector, opening the possibility for a pre-
cise determination of the absolute energy scale.
Moreover, they allowed us to study the energy re-
construction uniformity within the standard fiducial
volumes, as well as asymmetries in position and
energy reconstruction due to, for instance, the non-
uniform distribution of operational PMTs. The en-
ergy spectra and spatial distributions of recon-
structed calibration events were also important to
test and validate the Borexino Monte Carlo code.
The external calibration campaigns allowed us to
study both the spectral and the radial shape of the
external background in Borexino. Finally, the exter-
nal calibration data allowed us to determine detector
properties such as the shape of the nylon vessel con-
taining the scintillator as well as the thorium content
in the external detector components.

The calibration data had a crucial role in the suc-
cess of Borexino and will have a strong impact on its
future physics results. The full description and the
results of the work were published in [11].

1. C. Arpesella et al. (Borexino Collaboration), Phys.
Lett. B 658, 101 (2008) [arXiv:0708.2251].
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Rev. Lett. 101, 091302 (2008) [arXiv:0805.3843].

3. G. Bellini et al. (Borexino Collaboration, Phys. Rev.
Lett. 107, 141302 (2011) [arXiv:1104.1816].
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B 707,22 (2012) [arXiv:1104.2150].

5. G. Bellini et al. (Borexino Collaboration), Phys.
D 82, 033006 (2010) [arXiv:0808.2868].

6. G. Bellini et al. (Borexino Collaboration), Phys.
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BUMIPIOBAHHSI HMIBUAKOCTI MIOOHHUX HEMTPUHO HA NMYYKY
HEPH - TPAH-CACCO 3A JOIIOMOI'OI0O JETEKTOPA BOREXINO

B. B. Koouues (Bix xo1a6opauii Borexino)

Incmumym si0eprux docnioncenv HAH Yrpainu, Kuig

IIpernu3iitHi BUMIipIOBaHHS IIBHIKOCTI MIOOHHHUX
HEHTpHHO 3 cepeqHboro eHeprieto 17 'eB, ki cTBo-
proBasucs B LIEPHi Ha mpuckoproBaui SPS (mpoext
CNGS st gocimiKeHHS OCHWIALINA MPUCKOPIOBa-
JIbHUX HEUTpuHO Ha BinactaHi 730 kM) Oyiu mpose-
JICHI 3a JIOTIOMOT'OK0 YIbTPAaHU3bKO(OHOBOTO PiKO-
CIHMHTWIAIINHOTO JeTekTopa Borexino 3 akTHBHOIO
Macoro mimeHi 278 T [1], SKuif 3HAXOAUTHCS Y M-
3eMHil jadoparopii ['pan-Cacco. 1li BumiproBaHHs
Oynau MoTHBOBaHI 3asBoi0 Komaboparii OPERA y
BepecHi 2011 p., 3TigHO 3 SIKOIO HEUTPUHO MPOXO-
nath Bigcrans Big [IEPHy mo I'pan-Cacco Ha ~60 He
HIBHIIIE 32 CBITIIO [2].

JetexTop Borexino peectpye HEWTPHHO 3 MydKa
CNGS 3a 10moMoror BTOPHHHHX MIOOHIB, SIKi BH-
HUKAIOTh NPH B3a€MOIl HEHTPUHO 3 SAPaMu y Iapi
CKEJIbHOI MOPOAHM TOBIIMHOIO KiJbKa JECSITKIB MET-
piB mepen nmereKkTopoM. MIOOHH, IIO MPOXOAATH
depe3 BOAHMI 3axucT meTekTopa (~3500 M), cTBO-
PIOIOTH UYEPEHKOBCHKUH cmajax, a B OydepHOMy
00’eMi Ta B siIpi AeTeKTopa (3araabHUN 00’ €M CITHH-
TunaTopa Gmm3bko 1300 M) — TAKOXK CIMHTH-
JTsuidHuEA cnanax. Lle nae 3Mory BiTHOBMUTH Hampsi-
MOK pyXy Ta 4ac BXOJ[KEHHS YACTHHKH JIO0 JIE€TEKTO-
pa. AJTOPUTMH PEKOHCTPYKIli MIOOHHHUX TpPEKiB
omucani B po0oti [3]. 3aTpuMKa yIbTpapessITUBICT-
CHPKOTO MIOOHA Ha WOTO IDIAXY N0 JETEKTopa II0
BIIHOITICHHIO J0 CBiTia He mepeBumtye 0,1 He.

Hani 0ymu orpumani 3 10 mo 24 tpasus 2012 p.
[Ty4ok mpoToHiB Ha MpUCKOpIOBadi OyB ONTHMi30Ba-
HUH ISl BUMIPIOBAHHS IMIBHIKOCTI HEUTpWHO. J[0B-
’KMHa TIPOTOHHOTO immynbey (~10'" mpoTowis) Gyma
CKOpOYeHa /10 2 HC, 3 PO3IIICHHSIM MK iMITyJIbCaMH
100 Hc. 3aranpHa KiTBKICTh IPOTOHIB HA MIIIIEHI CTa-
HoBmna 19,44 - 10" e(heKTUBHICT, HAKOITMYCHHS
nanux jgocsria 97 %. Y yacoBomy BikHi 100 MKC Bij
MOMEHTY OYiKyBaHOTO TMPOJBOTY HEWTPHUHO uYepe3
netekTop (+2,439 Mc Big MOMEHTY B3aeMOJii Ipo-
TOHHOTO iMITyJIbCy 3 MinieHHio B LIEPHI) Gyso 3ape-

[IOPIUHUK - 2012

ectpoBaHo 291 MrooHiB, 144 3 SKHX TIPOUTIUIN Kpi3h
Oydep. Yactuna 3 HuUX Oyia BiIKHHYTa y 3B’S3KY 3
MaJliM BHXOJIOM CBITJIa, 1[0 HE AO3BOJMIO PEKOHCT-
PYIOBaTH MO0 3 0a)KaHOI TOYHICTIO. 3pa3ok 3 62
MOJIH, 10 3aJMIIUBCS IMICIs BiIOOPY, Ma€e PO3MOILT
laycca mo yacy npuOyTTs, HEHTpOBaHUN OIS HYJIS
(Bix po3paxyHKOBOTO MOMEHTY TPOJILOTY HEHTPHHO),
Ta MUpHHY OIU3bK0 4,9 HC. MoaenoBaHHS 3a JIOIO-
mororo Geant4 mnepenbavae IIMPUHY PO3IOALTY
5,1 He, O y*Xe 100pe y3roKy€eThCs 3 eKCIIePHMEH-
TaIILHAM PE3YJILTaTOM.

3a IOMOMOTOI0 BUCOKOTOYHHUX T'€OJC3UYHUX BH-
MIpIOBaHb Y CHiBPOOITHHUUTBI 3 €KCIIEpUMEHTaMH
LVD Ta ICARUS (Takox po3milieHUMH B Jabopa-
topii ['pan-Cacco) oTpuMaHO BijJicTaHb MK MIIlICH-
uio B [IEPHI Ta neatpom nmerexropa Borexino, 1o
nmopiBatoe D =(730472,082 + 0,038) M. Buwmipsna
3aTpUMKa HEUTPUHO I10 BiTHOIICHHIO 10 (YMOBHOTO)
CBITJIOBOTO CUTHAIY Ha IIii BiZIcTaHI CTAHOBHUTH

ot = tx - CERN - D/c= (0,8 + O,7stat + 2,9sys) HC,

III0 € CYMICHUM 3 HyJeM. BcraHoBieHe Takox Bepx-
HE OOMEXEeHHS Ha BiJHOCHY PI3HHLIO MiX HMIBHIKiC-
TIO HEHTPUHO Ta CBiTJIA:

v-cl/lc<2,1-107°(90 % CL).

TakuM YUHOM, HISIKHX O3HAK MOPYIICHHS pes-
THBICTCHKOT KIHEMATHKH [UIsI HEHTpWHO He OyIio
3HaljeHo. Pe3ynbTaTtu omy0sikoBaHi B po0oTi [4].

1. G. Alimonti et al. (Borexino Coll.), Nucl. Instr. and
Meth. A 600, 568 (2009).

2. T. Adams et al. (OPERA Coll.), arXiv:1109.4897v2
[hep-ex].

3. G. Bellini et al. (Borexino Collaboration), JINST 6,
P05005 (2011).

4. P. Alvarez Sanchez et al. (Borexino Coll.), Phys. Lett.
B 716, 401 (2012).
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SEARCH FOR o DECAY OF “'Eu TO THE FIRST EXCITED LEVEL OF “Pm
WITH THE HELP OF ULTRA-LOW BACKGROUND HPGe y SPECTROMETRY

F. A. Danevich', E. Andreotti’, M. Hult’, G. Marissens’, V. 1. Tretyakl, A. Yuksel’

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
? European Commission, Joint Research Centre, Institute for Reference Materials and Measurements, Geel, Belgium

Natural europium consists of two isotopes, "'Eu
and 'Eu, with the natural abundances of
47.81(0.06) % and 52.19(0.06) %, respectively. Both
isotopes are potentially o active with an o decay
energy O, = 1964.9(1.1) keV and Q, = 272.5(2.0)
keV, respectively. The first indication on a decay of
'5'Eu to the ground state of '“’Pm with the half-life
Tip=57" - 10" y was obtained in [1] with the help
of a CaF,(Eu) low background scintillation detector.

The alpha decay of "'Eu to the first excited level
of "'Pm Jr= 5/2F, Eexe = 91.1keV) was searched for
at the HADES underground laboratory (= 500 m
w.e.) [2]. A sample of high-purity europium oxide
with mass of 303 g has been measured over 2232.8 h
with a high energy resolution ultra-low background
n-type semi-planar HPGe detector (40 cm’) with
sub-micron dead layer. The detector energy resolu-
tion (the full width at the half of maximum, FWHM,
keV) can be approximated in the energy region of
60 - 662 keV by function FWHM = 0.4699 +

+0.02928 Ey , where E, is energy of y quanta in

keV. In particular, FWHM = 0.749 keV at 91 keV.

Fragment of the energy spectra accumulated with
and without the Eu,O; sample in the energy interval
80 - 100 keV is presented in Figure. There is no
peak at energy 91 keV. Therefore we can only set a
lower half-life limit (1im7},,) on the effect according
to the formula:

lim7,,,=N-¢g-9-¢-In2/1im S,

where N is the number of '>'Eu nuclei (4.96 - 10%),
£ is the detection efficiency, 4 is the y yield (4 =
=0.33 for the level 91.1 keV due to a high electron
conversion coefficient of 2.03), ¢ is the measuring
time, and limS is the number of events of the effect
searched for which can be excluded at a given confi-
dence level (CL). The detection efficiency for
91.1 keV vy quanta emitted in the Eu,O; sample was
calculated with the EGS4 package as ¢ = 0.00434.
To estimate a value of limS for the 91.1 keV peak
the energy spectrum accumulated with the Eu,O;
sample was fitted in the energy region 88 - 95 keV.
The model to fit the data was constructed from a
Gaussian function with centre at the energy of

91.1 keV (the y peak searched for), a linear function
which describes the background, and two Gaussians
to take into account the neighbouring peaks with the
energies ~ 90 keV (Th X-ray) and = 92.6 keV (92.4
and 92.8 keV peaks of Z*Th from the ***U chain).

% 155, .,
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a0 J W o

= 1504 e | ey — "pm (52Y)
= 228 y I 5
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Fragment of the energy spectra accumulated over
2232.8 h with and without the Eu,0O; sample. Fit of the
spectrum in the vicinity of 91.1 keV vy peak is shown by
solid line. The expected 91.1 keV y peak from o decay of
1Ry to the excited level of '*’Pm corresponds to the half-
life Ty, = 3.7 - 10" yr excluded at 68 % CL and is shown
by the dashed line. The background spectrum (normalized
to the time of measurements with the sample) is also
presented.

A fit by the chi-square method results in the area
of the peak searched for S = 7 £ 27 counts, which
gives no evidence for the effect. In accordance with
the procedure [3], we took limS = 34 counts which
can be excluded at 68 % CL, which give the follow-
ing limit on o decay of "'Eu to the first 5/2°
91.1 keV excited level of Pm: T, 1/2[15 "Bu — "Pm
(5/2,91.1keV)] > 3.7 - 10" yr.

The new improved half-life limit has been set
also for o decay of "**Eu as Ty, > 5.5 x 10" yr.

A paper describing the results of this work is
published in [4].

1. P. Belli ef al., Nucl. Phys. A 789, 15 (2007).

2. E. Andreotti et al., Proc. 3rd Int. Conf. NPAE 2010,
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3. GJ. Feldman and R.D. Cousins, Phys. Rev. D 57,
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4. F.A. Danevich et al., Eur. Phys. J A 48, 157 (2012).
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RADIOACTIVE CONTAMINATION OF Srl;(Eu) CRYSTAL SCINTILLATOR
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The strontium iodide was discovered as scintil-
lator by Hofstadter in 1968 [1]. The interest in this
material increased in the last few years because of
the high light output (> 100 000 photons/MeV) and
of the good energy resolution (3 % at 662 keV),
recently reported.

A single crystal of strontium iodide doped by
1.2 % of Eu was grown in a quartz ampoule using
the vertical Stockbarger method. The crystal boule
was cut in a dry box to obtain a near to cylindrical
scintillator 13 mm in diameter and 11 mm length.
The crystal was wrapped with PTFE tape and encap-
sulated using epoxy glue in the oxygen free high
thermal conductivity copper container with a quartz
window, all the materials with low level of radioac-
tive contamination.

The radioactive contamination of the Srl,(Eu)
crystal scintillator was estimated with the help of
two approaches: by low background measurements
in scintillation mode at sea level, and with the help
of ultra-low background HPGe y ray spectrometry
deep underground. The energy spectrum of the
Srl,(Eu) scintillator measured over 101.52 h in scin-
tillation set-up in the Institute for Nuclear Research
(Kyiv) together with the Monte Carlo simulated by
the GEANT4 package model of the background is
shown in the Figure. We have also detected a peaks
from contamination of the crystal by **Ra daughters
(see Inset of the Figure). From analysis of the scin-
tillation and HPGe measurements we have found a
contamination of the scintillator by *’Cs, ***Ra and
**Th on the level of 0.05 Bg/kg, 0.1 Bg/kg and
0.01 Bg/kg, respectively. Only limits were set on the
contamination of the detector by '**La at level of
0.02 Bq/kg, while the activities of *’K, *Sr, '**Eu,
*Eu, "°Lu are below the detection limits of 0.1 -
0.3 Bg/kg. The intrinsic radiopurity of the Srl,(Eu)
scintillator is still far from Nal(Tl) and CsI(T1) scin-

[IOPIUHUK - 2012

tillators developed for low counting experiments,
while it is three orders of magnitude better than that
of the scintillation materials containing Lanthanum,
and five orders of magnitude better than that of the
scintillators containing Lutetium.

N -
> > 3093
= ] 297

o) 1 265, SR

= 50 4 Ra n, 2
& R 1507 \| 18p
~ 1 214
%] =2 ] v |/ 24pg
=] = 1004 i
5] =}
o ]

504 U

3000 4000
Energy (keV)

Cosmic rays

Thin PMT
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Energy (keV)
Energy spectrum of the Srl(Eu) scintillator measured
over 101.52 h together with the model of the background.
The main components of the external background ('*’Cs
in details of the set-up, *°K, U and Th in PMT) and of the
cosmic rays are shown. (Inset) Increase of the counting
rate in the energy region 2.5 - 4.3 MeV is due to o activ-
ity of trace U/Th contamination (mainly **Ra with its
daughters) of the crystal scintillator.

Applicability of Srl,(Eu) crystal scintillators to
the search for the double beta decay of *'Sr was
demonstrated for the first time. New improved half-
life limits were set on double electron capture and
electron capture with positron emission in *Sr at the
level of Ty, ~ 10" - 10" yr.

The results of this work are published in [2].

1. R. Hofstadter, U.S. Patent No. 3,373,279, March 12,

1968.
2. P. Belli et al., Nucl. Instr. Meth. A 670, 10 (2012).
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THE EURECA CRYOGENIC DARK MATTER EXPERIMENT

F. A. Danevich, V. V. Kobychev, V. M. Mokina, A.S. Nikolaiko,
D. V. Poda, R. B. Podviyanuk, O. G. Polischuk, V. I. Tretyak
(on behalf of the EURECA collaboration)

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

The EURECA (European Underground Rare
Event Calorimeter Array) project’ aims to study the
composition of dark matter which, in accordance
with our current understanding of astronomical ob-
servations, is one of the main (=23 %) components
of the Universe. Since there is still no experimental
proof of Supersymmetry (which provides a natural
candidate for dark matter) at the LHC, and ad-
ditional evidence of the existence of WIMPs in di-
rect detection experiments is needed supplementary
to the DAMA, CoGeNT and CRESST results (see
[1]), the next generation direct detection experiments
with sensitivity higher by two orders of magnitude
are needed to solve the problem of the dark matter
nature (Fig. 1).
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Fig. 1. The limits in cross section obtained by the experi-
ments EDELWEISS-II [2], CDMS [3], EDELWEISS-
CDMS combined [4], ZEPLIN-III [5] and XENON100
[6]; the potential limit of EDELWEISS-III with
12000 kg - day background-free exposure; and the posi-
tions that the proposed experiments of SuperCDMS [7],
XENONIT [8] and EURECA will play in their improve-
ment. The favoured parameter space is also shown in
contours [9].

The EURECA Conceptual Design Report was
prepared in 2012 as the first step towards construc-
tion of that facility and the detectors, and further
underlines confidence of the proponents in the feasi-
bility of EURECA. The design (Fig. 2) considered
uses two identical systems each consisting of one

! http://www.eureca.ox.ac.uk/
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cryostat containing 500 kg detector mass (to first
order, germanium and CaWO, bolometers) within a
water tank.

Fig. 2. Design of the EURECA set-up with the two cry-
ostats, each inside its individual water shielding, with the
building containing clean room between them.

The EURECA set-up is expected to be installed
in an extension of the Laboratoire Souterrain de
Modane (LSM). The construction of the LSM exten-
sion is confirmed by the CNRS and the full budget
for the digging was obtained. The civil work will
start in 2013 and the new laboratory could be in
operation around 2015.

Development of cryogenic scintillating bolome-
ters is our main task in the frame of the EURECA
collaboration. In particular, optimization of light
collection from ZnWOQO, crystal scintillators of dif-

ferent shape and conditions of surface is in progress
[10].
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SUPERNEMO EXPERIMENT

V. L Tretyak' (for the SuperNEMO Collaboration®)

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
? Near 100 physicists from 25 institutions in Czech Republic, France, Japan, Russia, Slovakia,
Spain, UK, Ukraine, USA

The NEMO-3 detector, which combined tracking
and calorimetry technique to measure energies and
tracks of particles, was successfully used in
2002-2010 for investigation of double beta (2f)
decay of 7 isotopes: BCa, ¥Se, *7r, '"Mo, °Cd,
B0Te, "Nd (see [1] and references therein). The
SuperNEMO is extension and improvement of the
NEMO-3 technology allowing full event reconstruc-
tion, clear event signature, excellent background
rejection, possibility to disentangle mechanisms of
neutrinoless (0v) 23 decay (due to v mass or due to
right-handed admixtures). However, modular system
with planar geometry instead of cylindrical in the
NEMO-3 will be used, and important characteristics
of the detector will be improved: energy resolution
(FWHM 4 % vs. 8% in the NEMO-3 at 1 MeV),
efficiency (30 % vs. 18% for 2B0v decay), purity of
the source (2 vs. 20 puBg/kg for **TI and 10 vs.
300 puBg/kg for *'*Bi). The **Se isotope is considered
as preferable in the SuperNEMO (but *Ca and "*Nd
are also not excluded). The planned mass of 23 iso-
tope is 100 - 200 kg (vs. 10 kg in the NEMO-3), and
sensitivity to 7y, for 2B0v decay is expected on the
level of 10 yr (10** yr in NEMO-3) that corre-
sponds to the effective v mass as 50 - 100 MeV. Fig.
1 shows schematic view of one module of the Su-
perNEMO detector. Construction and commission-
ing of the first module (Demonstrator) is planned to
be completed in 2013.

Submodule
Submodule Source and
calorimeter calibration

4m
Source 2.?r|-1

Submodule
tracker

Fig. 1. Schematic view of one SuperNEMO module.

To measure extremely low levels of radioactivity
as those needed (2 uBq/kg for ***T1 and 10 puBg/kg

[IOPIUHUK - 2012

for *'*Bi), standard HP Ge detectors cannot be used
and a devoted BiPo detector is constructed. The goal
of this detector is to measure the whole source foils
(2700 x 135.5 mm and 40 mg/cm’ thick) in a non
destructive way reaching the required sensitivity
during ~6 months. The concept is to measure a de-
layed coincidence between an electron emitted in 3
decay of *'*Bi and delayed o particle emitted in sub-
sequent o decay of *"*Po (T, = 164 ps), or in a simi-
lar process in *'?Bi—*'"*Po fast chain (7,=299 ns).

As it is known since ~1950’s, amount of light
produced in scintillator by ions is lower than that
produced by electrons of the same energy. Thus, in
scintillators calibrated with electrons or y quanta,
signals from ions will be seen at lower energies than
their real values (up to ~40 times). These transfor-
mation coefficients — quenching factors (QF) — were
measured for a particles in the BiPo plastic scintilla-
tor in [2]. Using the approach of [3], QF’s were also
calculated. Fig. 2 shows good agreement between
the experimental and calculated values.
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=
< 20
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8000 10000
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2000 4000 6000
Fig. 2. Quenching factors for a particles in the BiPo
scintillator (CgHg): experimental data and calculation.

Some other details on the SuperNEMO experi-
ment can be found in [1, 4].
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MACHITABOBAHUI PO3NOAL IMITYJIBCY JJISA K° TA A/A™
Y I'NIMBOKOHENPYKHOMY ep PO3CISIHHI HA HERA

B. Aymes', H. Kmax"?, I'. A6pamosuy’

! Himeyvkuii enexmponnuii cunxpompon (DESY), F'ambype, Hiveuuuna
? Inemumym adepnux docnioocens HAH Yipainu, Kuis

®parMeHTaIlil0 CTPYMEHIB Ta apOHi3allifHUX
MIPOIIECIB, IO 3B’S3YIOTh KOJIILOPOBI MAPTOHU Yy 0€3-
KOJIIpHI aJIpoHM, BaXXKO OIHCATH paMKaMH Hep-
TypbaTuBHOT KBaHTOBOI xpomoaumHamikk (KXJI).
Byno po3pobneHo nekinbka TEOpPeTHUHUX HaOIIuU-
JKEeHb, [0 HaMaraiucs o0’€THATH MapTOHHI aude-
peHITiliHI Tepepi3n (IKCOBAHOTO MOPSAKY Ta CIIO-
CTepexXyBaHi aapoHu. J[Ba 3 HUX € HaHOUIBII yCITi-
IIHUMH Ta LIMPOKO BHKOPUCTOBYIOTHCS: CTPYHHA
Mozenb JIyHaaa (3amitoe BETUKY KUTBKICTh ITapamer-
piB Ta ocHOoBaHa Ha Mojensix Monre - Kapno map-
TOHHOTO JHBHIO) Ta ¢yHKuii ¢parmentauii (D)
(mo € mapameTpu3alisiMU aJPOHHUX TIPOIECIB Y
CTaHAAPTHUX paMKax kojinepaHoi KXJI Ta MOXyTh
OyTH 3BeICHUMHU [0 mepeadayeHuX MapTOHHUX -
(hepeHmiiHUX mepepiziB).

Y mnonepexnniii myb6mikamnii komaboparii ZEUS
NPEACTaBICHO BHUMIpsSHE 3 BHCOKOI TOYHICTIO Ha-
POUKEHHST  1HKIIIO3MBHHUX  3apsDKEHUX  aJpOHiB.
[Ipore TeoperwuHi mependadeHHs, MO OazyBainCh
Ha pizHux OO, HeBaNO ONMUCYBAIN EKCIICPUMEHTA-
JbHI BUMIPIOBaHHS HAa yCbOMY KiHEMAaTHYHOMY Jia-
ma3zoHi. [Tapamerpmzanii @D m1s TUBHUX aIpoHIB,
Takux sk K° ta A, 10ci € HEOOMEKEHUMH.

VY HaBejeHil myOJikallii MacmTaboBaHUN pPO3-
monin iMnynecy it anpoHiB K% ta A ymeprie o6-
paxoBaHWN HAMH IS TIIMOOKOHETIPYKHOT'O PO3Cito-
Banaa (CHP) ma nerekropi ZEUS mnpuckoproBaua
HERA, BHUKOPHCTOBYIOUM iHTETpalbHy CBITHMICTb
330 n6™. OOpaxyHKH MPOBOIMINCE i3 3HAUEHHIMHU
BipTyanbHOCTI 0OMiHHOTO (oroHa (Q* B amiama3oHi
Bim 10 mo 40000 I'eB? MacmraboBaHu#i iMITyJIbC
BU3HAYaBcA 3a hopmyioo x, = 2PP /NQ2, ne PP"
1Ie IMIyJIbC YaCTHHKH B pamili bpetiTa.

V¥ mponecax KX/ HUXKHbOTO MOPAAKY 3a3BUUall TpU
MIPOLIECH BHOCATH CBil BKIaA y mudepeHIiiHi mepe-
pizu I'HP: portec bopna; portec 6030H-TIIIOOHHOTO
3mutTst Ta KXJI - KOMOTOHIBCHKE PO3CiIOBaHHS;
mudepeHIiitHi nepepizu HapomkeHHs Q? y miamaszo-
Hax BEJIMYUHHU X,. OUEBHIHUM € NOPYIIEHHS MacHI-
tTaOyBaHHs. Taka moBeiiHKA 3yMOBJIieHa 301JIbIICH-
HSIM BUIIPOMIHEHHS M’SIKMX TJIIOOHIB MPH 3pOCTaHHI
Q, 110 MPU3BEIIO 10 30UIBIIECHHS YaCTHHOK 13 MaJIAM
3HAYEHHSAM BEIMYMHM X,. TeopeTuuHi mependaueH-
HSl, OTPUMaHi 3a JOMIOMOTOI0 MPOTrpaM MOJICIIOBaH-
Hs1 CDM Ta MEPS, m00pe OIUCYIOTh eKCIIepUMeHTa-
JIbHI JJaHi, TPOTE TEPEOIiHIOITh BHECOK BiJ YaCTH-
Hok K 3aramom Ha 10 - 20 %. Teopernuni nepen-
OauenHs AKK + CYCLOPS HeBIaio OIMUCYIOTH BU-

MipsiHI JaHi ekcriepuMeHTy. TeopeTwuHi mnependa-
gyeHHs DSS, mo 0a3yroTecs Ha GYHKLIAX, BUTOOYTHX
i3 TIO0ANBHOTO aHaNi3y, J0OpEe OMUCYIOTh EKCIepH-
MEHTaNBHI JaHi CHOCTEPEKYBAHOTO aJpOHy B KiH-
nesomy crani [HP moxna onucaru dakropuzarriii-
HOIO TEOPEMOIO0
B /(.01 ®0(0") @ D(.0").
dx
p
Judepenttiiini momepedHi po3MOMIIA BUMIPSHO-
ro MacuTabOBaHOIO IMIyJIbCY Ui anpoHiB K° Ha-
BEJCHO Ha PHUCYHKY SK (YHKIIIO 3MiHHOI TIpH
x,>0,3.
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Jdudepenmianpanii monepeunnit nepepiz K sk dyHKIis
smiaHO1 Q? EkcnepumeHTanbHI naHi (YOpHI Kparku)
JEMOHCTPYIOTh MOPYIIEHHS MaciITabyBaHHs. TeopeTndHi
nepeabavyeHHs, HagaHi Mojemwnro CDM (CHHS CymijbHa
JiHis), 0a3zyBanucs Ha eJeMeHTax JiIUpYH4ol jorapud-
MigHOT Matpwmii; nepeabadeHHs wmopeni MEPS (cuHs
NMYHKTHPHA JIiHis) Oa3yBajucsi Ha MapTOHHOMY JIMBHI.
Teopernuni obpaxynku KXJ[ mopsaky, HacTynmHoro 3a
HaWBUIIMM, OTPUMaHO 3a JIOIIOMOTOK  IMpOrpam
AKK + CYCLOPS (3enennit koiip) Ta DSS (nume miast K)
(bnakuTHHH KOIMTIp).

1. V. Aushev et al., JHEP 1203, 020 (2012).
2. D. de Florian ef al., Phys. Rev. D75, 114010 (2007).
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HAKOIIMYEHHA 3APATY HA CEHCOPAX METAJIEBOI'O CTPUII-AETEKTOPA
na JI€I0 IOHHOI'O IIYYKA: EKCHEPUMEHT I MOAEJ/JIIOBAHHS

M. B. Makapeus', €. O. Ilerpenko’, B. M. ITyray’

] . . . . . . . .

Kuiscoxuii nayionanenuii ynisepcumem imeni Tapaca [llesuenxa, Kuis
2 . . .
Inemumym s0eprux docnionceny HAH Yrpainu, Kuig

MerajeBi CTpHIT-IeTeKTOpH Bxke O0m3pko 10 po-
KiB BUKOPUCTOBYIOTHCS JUIS JCTEKTYBaHHS Ta KOHT-
pOJIIO MapaMeTpiB Myuka IBUAKUX yacTHHOK [1]. Ix
BHPI3HSIE ITiJla HU3Ka TepeBar, 30KpeMa HaJa3BHUaii-
HO BHCOKAa pajialfiiiHa CTIHKICTh, KOMIIAKTHICTb,
BHCOKA MO3UIIIHA TOYHICTh, IPOCTOTAa BUKOPUCTAH-
Hi. Pasom i3 UM Ui iXHBOrO BIOCKOHAJEHHS Ta
MOKPAICHHS XapaKTEPUCTUK HEOOX1HO OLIbII Jie-
TaJIbHO BUBYMTH (Pi3UUHI SBHILA, II0 BiAOYBalOTHCS
B METAJIEBOMY CEHCOPi IETEKTOpa IPpH NPOXOIKEHHI
MIBUJKOI 3apSIKEHOT YACTUHKU.

Byno mpoBeneHo MopenioBaHHS, B SKOMY Ha
AIFOMIHIEBY IUTIBKY TOBIIMHOIO JEKiIbKa IECATKIB
MiKpOMeTpiB majzaB mydok ioHiB migi Cu™ [2 - 3].
Jnst MoJenmoBaHHS €KCIIEPUMEHTY B POOOTiI BHKO-
puctanmu mozaens Monte - Kapio, B sikili cepeqHro
JIOBXKMHY BUTBHOTO TPOOITy YaCTHHKH BHPaxXOBYBa-
11 3a (hOpPMyII0r0

A= \ (1)

Jie n — KOHLIEHTpallisl aTOMIB B MillleHi, a ), — cyMa
nepepisiB ycix mporecis. Ilicis Toro sik 4acTUHKA
mpoiliuia BifACTaHb, PO3MOMAITICHY 3a 3aKOHOM
e /), BOHA PO3CiIOETBCA 32 OTHUM 3 BHILEOMHCA-
HUX TporieciB. IIporec, 3a SKUM pO3CIIOETHCS dac-
TUHKa B 3aJ]aHOMY CTaHi, PO3irpyBaBcs 3a YMOBH,
[0 MMOBIPHICTH i-rO Hpolecy AOPIBHIOE G©,/G,,.
MopentoBaHHS OKa3ano, o 3apsa ¢, YTBOPEHUI

BTOPUHHUMH €JICKTPOHAMH, TMPOTOPIIIHHUN KiJTbKO-
CTi 3iITKHEHb YaCTHHKH BCepevHi 1iBky. Lle uncio
3pOCTa€ pa3oM i3 TOBIIMHOIO IUIIBKM Ta 3MEHIICH-
HSIM JOBXXHMHHU BUTBHOTO MpoOiry. BropunHi enexT-
POHH BWIIITAIOTH TiJIbKW 3 TOHKOTO IIapy Oifs moBe-
pXHi, TOMy iXHA KiUIBKICTh HaOyBae HACHYCHHS i3
301IBLICHHSM TOBUIMHU IUTIBKM TPU CTallil eHeprii
YaCTHHOK, [0 HANiTal0Th. X04a €HEepris i0HiB, PO3-
TJSTHYTHX ¥ poOOTIi, 1 HeIOCTaTHS IS 10Hi3aIlil aTo-
MIB MIIIICHI, TPOT€ BTOPUHHI €JIECKTPOHH YTBOPIO-

HIOPIUHUK - 2012

IOTBCSI B IpoIiecax BTOPHUHHOI 10HI3aIi] ITyYKa 10HiB.
IMepepi3 uporo mpouecy o, ~1/E ? TOMy IOBXHHA
BiIBHOTO TIPO0ITy (1) Mi>K yTBOpPEHHSIMA BTOPHHHUX
€JIEKTPOHIB IMPOMOPIliiHA KBaApaTy €Heprii 4yacTHH-
ku. lle maTBepIKye PHCYHOK, 3 SKOTO BHIHO, IO
CHIBBIHOILIEHHS QE2~d JHINHE 111 MaJauX TOB-

HIMH CEeHcopa, NMpH 30UIbIICHHI TOBIIWHH MillleHI
JHIKHICTh TOPYLIYETHCS — CIOYATKY CHanae, a mic-
75 1| MKM BUXOJHUTH Ha CTalliOHAPHHUI PiBEHB.
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CmiBBigHomenuss QF°~d , ne Q — 3apsa CTBOPEHHX
BTOPMHHUMH €JIGKTPOHAMHM, SKi €MIiTOBaHi 3 MOBEpPXHi
ILTiBKH.

3aBAAKYM OTPUMaHUM SKICHUM 3aJIe)KHOCTSAM MO-
JKHa 3pOOWUTH OIHKY OJHI€T i3 TPHOX BEIUYUH
(cTBOpeHMI 3apsj, CHepris IMEePBUHHOTO ITyYKa,
TOBIIMHA MIIlIEHI) 3a 3aJaHAMH 3HAYEHHSMH JBOX
IHIUX. 3ampoItoHOBaHA MOJENh CIpPaBeIIUBa IS
EHepriil, 1e JMOBXHMHA XBUJII Je-Bpoiis enekTpoHiB
OinbIa 3a MI>KaTOMHY BiJICTaHb i HE BPaXOBY€E pellsi-
THBICTCHKi €()EeKTH.

—_—

V. Pugatch et al., Nucl. Inst. A650, 194 (2011).
2. M.V. Makarets, E.O.Petrenko, and V.M. Pugatch,
Nucl. Phys. At. Energy 13, 146 (2012).

3. E.O. Petrenko and M.V. Makarets, in Proc. of the 20th
Annual Conf. of Doctoral Students (WDS, 2012),
p. 146.

67



AHOTALIIl POBIT

THE INFLUENCE OF THE SHAPE OF INITIAL ENERGY DENSITY DISTRIBUTIONS
ON PION SPECTRA

M. S. Borysova', Yu. O. Karpenko?, V. M. Shapoval’, 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

The long-range structure of 2-particle angular
correlation functions is altered significantly by the
presence of inhomogeneities in a hot and dense mat-
ter formed in relativistic heavy ion collisions. It has
been argued that the ridge phenomenon observed in
2-particle angular correlations in relativistic A + A
collisions is rooted likely in the initial conditions
(IC) of the thermal evolution of the system. The
question we address here is what sizable effect the
hot tubes or more precisely fluctuating bumping
structures of IC can have on observables. Hydrody-
namic models usually imply smooth IC [1, 2]. How-
ever it has been recently shown in measurements
and demonstrated in various modeling that there are
fairly strong fluctuations in the initial matter profile

E{x,y), tau = 0.200000

phi

from event to event. To test whether this fluctuations
influence significantly the observed particle spectra
and could lead to the ridge structure we examine
pion spectra for smooth boost-invariant IC with
sharp disturbance in the form of a single very narrow
and dense tube shifted from the center in transverse
plane. Two types of the background Ep, on which
tubes were placed are studied: En, was in the form
of Gauss or Wood-Saxon distribution (see Fig. 1).
The configuration with one displaced tube has the
background average energy-density distribution with
the maximum value 90 GeV/fm® at initial time
T = 0.2 fm/c and the high energy density fluctuation
(maximum in the center - 270 Gev/fm’) with tube
radius rype = 1.0 fm/c.

P> L5 GeV « 400

-1 [
phi

Fig. 2. Integrated spectra with one tube for the case of Wood - Saxon distribution (/eft) and Gauss distribution (right).

There were calculated differential transverse
spectra for both cases (for different pr=0.3 -
-3.0GeV/c) in frames of 2+1 HKM [3] with
4D-volume + 3D-surface contributions to freeze-out
process. To present computed differential spectra
dN/de more graphically we show in Fig. 2 our re-
sults for the integrated charged-particle spectra. The
thick line corresponds to the integration for pr >
> 0.9 GeV and thin one to - pr > 2.5(*400 or *500
for Gauss or Wood - Saxon, respectively). One can
see that the presence of one tube fluctuation has

more pronounced impact on observable spectra in
case of Wood-Saxon distribution.

As for outlook.

Two types of initial background distributions
were studied and it was found that its shape influ-
ences significantly final spectra. The numerical cal-
culations were performed using the cluster and
GRID environment of the BITP of NANU.

3. T. Hirano et al.,, Phys. Rev. C 66, 054905 (2002).
4. C.Nonaka et al., Phys. Rev. C 75, 014902 (2007).

5. S.V. Akkelin et al., Phys. Rev. C 78, 034906 (2008).
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MEASUREMENTS OF SEMILEPTONIC B’—K’pw'w DECAY IN LHCb EXPERIMENT

V. M. Iakovenko
(for LHCDb Collaboration)

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

Studies of rare effects in B-physics provide a
possibility to precision tests of the Standard Model
and discover the evidences of New Physics (NP).
Precise measurements of rare B decays are
performed with the LHCb experiment at Large
Hadron Collider. The LHCb detector [1] is a single-
arm forward spectrometer at the Large Hadron
Collider covering the pseudo-rapidity range
2<p<5, designed for the study of particles
containing b or ¢ quarks.

The process B'—K’u'n is a flavor changing
neutral current decay. In the Standard Model (SM)
such decays are suppressed, as they can only pro-
ceed via loop processes involving electroweak pen-
guin or box diagrams. Undiscovered particles could
give additional contributions with comparable am-
plitudes, and the decay is therefore a sensitive probe
of new phenomena. A number of angular observ-
ables in B’—K’u"p decays can be theoretically
predicted with good control of the relevant form
factor uncertainties.

The helicity structure of B"—K ’u"u” decay can
be determined by measuring the angular distribution
of the B daughters. It comprises the helicity angle of
the kaon, 0k, between the kaon in the K™’ meson rest
frame and the K in the B’ meson rest frame; the
helicity angle of the p'(i), 0;, between the muon in
the dimuon rest frame and dimuon in the B’ (gﬂ')
meson rest frame; and the angle, ¢, between the
decay planes of the dimuon and the K™ systems in
the B’ meson rest frame. The four-body decay is
completely described by three angles (cos6,, cosb,
¢) and the dimuon invariant mass squared (¢°). This
gives access to angular observables which are rela-
tively free from hadronic uncertainties: 4y, the for-
ward backward asymmetry of the u'u” pair in B rest
frame, F;, the fraction of longitudinal polarisation of
the K"’ and S, proportional to the asymmetry of the
K™ transverse polarization and fourth term (Sy). The
angular analysis of B"—K ’u"u at LHCb has meas-
ured these four observables [2, 3]. The values of
these observables are shown in the Figure.
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The LHCD results are the most precise, where all
results agree with the SM. These measurements put
strong constraints (> 10 TeV) on non-MFV new
physics affecting the Wilson coefficients C;, Cy and
Cio.

LHCb collaboration has made the first
measurement of the zero crossing point for A at
49" 5 Gev¥/c! [2], that is in agreement with SM
predictions which range from 4.0 — 4.3 GeV?/c” [4].
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The values of angular observables Arp Fi, S; and Sy for
B’—K"u'w as a function of ¢°, based on the analysis of

1fb" of data collected at /s =7 TeV in LHCb. The
observables are measured in six bins of ¢’ and determined
from a simultaneous fit to the angular distribution [2]. The
SM predictions are taken from [5].

1. A.A. Alves Jr. et al., LHCb collaboration, JINST 3,
S08005 (2008).

2. A.A. Alves Jr. et al., in Proc. of 47th Rencontres de
Moriond on QCD and High Energy Interactions,

2012, p. 20.

3. A.A. Alves Jr. et al.,, Phys. Rev. Lett. 108, 121206
(2012).

4. W. Altmannshofer and D.M. Straub, arXiv:
1206.0273.

5. C.Bobeth, G. Hiller, and D. van Dyk, JHEP 07, 18
(2011).
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FIRST EVIDENCE FOR LEPTONIC B’ —p'pw DECAY IN LHCb EXPERIMENT

V. M. Iakovenko
(for LHCDb Collaboration)

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

Studies of rare effects in B-physics provide a
possibility to precision tests of the Standard Model
and discover the evidences of New Physics (NP).
Precise measurements of rare B decays are
performed with the LHCb experiment at Large
Hadron Collider. The LHCb detector [1] is a single-
arm forward spectrometer at the Large Hadron
Collider covering the pseudo-rapidity range
2<p<5, designed for the study of particles
containing b or ¢ quarks.

One of the most promising channels for detecting
signals of NP is the rare decay B’,—p'p, which
originates in the SM from penguin and box
topologies.

Rare decays B’,—p'uw and B’—ppu are highly
suppressed in the SM, as they can occur only via
helicity suppressed loop diagrams. Precise predictions
of their branching fractions provided in [2]

B(B",—p'n) =(3.23+0.27) - 10°,
B(B"—pw)=(1.07£0.10) - 10"

make these modes powerful probes in the search for
deviations from the SM, especially in models with a
non-standard Higgs sector, which can give rise to
higher branching fractions.

A search for the rare decays B’—p‘p and
B’—py is performed using data collected in 2011
and 2012 with the LHCb. The data samples

comprise 1.1 fb™ of proton-proton collisions at Js
=8 TeV and 1.0 fb'" at \s = 7 TeV. We observe an
excess of B’,—p"u candidates with respect to the
background expectation. The probability that the
background processes can produce the observed
number of B’—p"u candidates or more is 5 - 10™
and corresponds to a statistical significance of 3.5
standard deviations. The value of the B’ —p'w
branching fraction obtained from the fit is

B(B's—pu ) = (3.2, 5 (stat) ™ 45 (syst)) - 107,

This result is in agreement with the Standard
Model expectation [3]. The invariant mass distribu-

tion of the B’,—p"u candidates with boosted de-
cision tree (BDT, high level trigger variable)
multivariate discriminant on kinematics and topo-
logy variables > 0.7 is shown in Figure.
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Invariant mass distribution of the selected B’;—p‘p
candidates (dots) with BDT > 0.7 in the combined
201142012 dataset. The result of the fit is overlaid (blue
solid line) and the different components detailed:
B’—u'w (long dashed), B’—u'p (medium dashed),
B’y—h'h” (dotted), B’—mpu'v, (short dashed) and
—n"up (gray dot dashed), and the combinatorial
background (medium dashed).
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In summary, the data in the B search window are
consistent with the background expectation and the
world’s best upper limit of B(B"—p ) <9.4 - 10™°
at 95 % CL is obtained. The data in the B’ search
window show an excess of events with respect to the
background-only prediction with a statistical
significance of 3.56. A fit to the data leads to
BB’ —p'n) = (3.2, - 107 which is in
agreement with the SM prediction. This is the first
evidence for the decay B’,—p .

1. AA.Alves Jr. et al., LHCb collaboration, JINST 3
S08005 (2008).

2. J. Buras, J. Girrbach, D. Guadagnoli, and G. Isidori,
Eur. Phys. J. C72,14(2012), arXiv:1208.0934.

3. A.A. Alves Jr. et al., LHCb collaboration, Phys. Rev.
Lett. 108, 231801 (2012).
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RADIATIVE PENGUIN B’—K'y AND B’—¢y DECAYS IN LHCb EXPERIMENT

V. M. Iakovenko
(for LHCDb Collaboration)

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

Studies of rare effects in B-physics provide a
possibility to precision tests of the Standard Model
and discover the evidences of New Physics. Precise
measurements of rare B decays are performed with
the LHCb experiment at Large Hadron Collider. The
LHCb detector [1] is a single-arm forward spec-
trometer at the LHC covering the pseudo-rapidity
range 2 <1 < 5, designed for the study of particles
containing b or ¢ quarks.

Flavor changing neutral current (FCNC) pro-
cesses are highly suppressed in the standard model
(SM) and thus constitute a stringent test of the cur-
rent description of particle physics. Measurements of
FCNCs provide sensitivity to the contributions of
heavy virtual particles in the loop diagram.

In the SM, the decays B’—K"y and B’—@y pro-
ceed at leading order through the electromagnetic
penguin transitions, b—sy. At one-loop level these
transitions are dominated by a virtual intermediate
top quark coupling to a W boson.
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Radiative decays of the B’ meson were first
observed by the CLEO collaboration in 1993 in the
decay mode B’—K'y [2]. The latest theoretical pre-
dictions from NNLO calculations using soft-
collinear effective theory give us the values of
branching fraction for decays B’—K'y and
B'—qy [3]

B(B"—K'y)=(43+1.4) 107,
BB’ —oy)=(4.3+1.4)- 107,

which suffer from large uncertainties from hadronic
form factors.

The data used to measure the ratio of
B(B"—K"y)/B(B",—y) corresponds to 1.0 fb" of pp
collisions collected in 2011 at the LHC with a cen-
tre-of-mass energy of Js = 7TeV. The invariant
mass distribution of the Kzy candidates and the K"K~
candidates are shown in the Figure.
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The invariant mass distribution of selected (leff) B"—K 'y and (right) B’,—oy candidates selected from 1.0 fb™!
of data collected at \/s =7 TeV during 2011 [4].

The ratio of branching fractions is measured as:
BB°>Ky) YV, , Bl@e—>KK) [ "B >y

0 *0 + - S 10 o 2
BB »¢r) v. BK —>Ke¢)f B ->KYy

where N are the observed yields of signal candidates,
B(o—K'K)/B(K"—K"n) = 0.735 + 0.008 [5] is the
ratio of branching fractions of the vector mesons,
filfa = 0.2677%%! 1 is the ratio of the B’ and B,
hadronization fractions in pp collisions at

\/E:7T6V, and ¢,, /e
S—)

o €5k, is the ratio of
total reconstruction and selection efficiencies of the
two decays.

The value of the ratio of branching fractions is

measured and the value of B(B’,—¢y) is calculated

LIOPIYHUK - 2012

using the world average for B(B0—>K*y)=1 127030
B(B’—qy) =(3.9+0.5)- 107,

where the quoted error is a combination of the statis-

tical and systematic uncertainties. The measurement

of the ratio of branching fractions ensures the can-

cellation of most of the systematic errors. This is the

most precise measurement of B(B’,—oy) to date.

1. A.Alves Jr. et al., LHCbh collaboration, JINST 3
S08005 (2008).

2. R. Ammar et al., CLEO collaboration, Phys. Rev.
Lett. 71 (1993).

3. A.Alj, B. D. Pecjak, and C. Greub, Eur. Phys. J. CS5,
577 (2008).

4. A.A. Alves Jr. et al., LHCb collaboration, Nucl. Phys.
B867, 1 (2013).

5. J. Beringer et al., Phys. Rev. D86, 010001 (2012).
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CONSTRUCTION OF THE PROTOTYPE CO, COOLING SYSTEM
FOR THE CBM SILICON TRACKING SYSTEM

A. O. Lymanets"?
(for the CBM collaboration)

! University of Tuebingen, Tuebingen, Germany
? Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

CBM experiment [1] at future Facility for Anti-
proton and Ion Research (FAIR) will investigate the
properties of hot and dense strongly interacting mat-
ter in ultrarelativistic collisions of heavy ions with
nuclear target at typical beam energies of
25 GeV/nucleon. Its key detector — Silicon Tracking
System (STS) — will reconstruct up to 1000 particle
trajectories created in each collision and measure
their momenta with ~1.5 % resolution [2]. The STS
will be located in the aperture of a dipole magnet
with 1 T field.

During the operation, silicon sensors need to be
kept at temperature of -7°C in order to avoid thermal
runaway and reverse annealing of radiation effects.
The heat has to be removed from the sensors (1 W
for the innermost region) and from the front-end
chips that will dissipate up to 40 kW power at most.
Dense heat dissipation requires high cooling power
within a space of ~2 m®. For this, evaporative bi-
phase cooling [3] has been considered. Performance
of the cooling system can be quantified by a volu-
metric heat transfer coefficient that represents heat
transfer per unit volume. In Fig. 1 volumetric heat
transfer coefficient is shown for different cooling
agents as a function of a tube diameter. The best
cooling performance is achieved for the CO, passed
through 2 mm tubes.
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Fig. 1. Volumetric heat transfer coefficient versus tube
diameter for different cooling agents (courtesy
B. Verlaat).

A proof-of-principle prototype cooling system
with 200 W heat dissipation is being constructed for
verification, whereas designing has been started for
a closed-loop system TRACI-XL with 1 kW cooling
power [4].

The prototype system currently being developed
at the University of Tuebingen is sketched in Fig. 2.
The liquid CO, is passed from a gas bottle at room
temperature through a heat exchanger where it is
cooled down to -40°C. Further, the gas is expanded
in the needle valve in order to lower the pressure, at
which the cooling power increases. When blown
through the heater that simulates the thermal load,
liquid starts to evaporate. Bi-phase mixture is
formed. The heater integrates the resistors that pro-
duce the heat with the compactly routed tubing of
necessary length ~1.6 m. It is placed inside of the
refrigerator in order to approximate the experimental
conditions and exclude the heat flow from the out-
side. After leaving the refrigerator, the mixture with
about 50 % dryout is heated and exhausted to the
atmosphere at the temperature above the dew point
in order to prevent the buildup of ice. Parts of the
transport line, which can be isolated by the valves
and thus trap the liquid (dead volumes), are
equipped with relief valves that prevent the acci-
dents due to overpressure. The gas consumption is
measured by the flow meter. Pressure and tempera-
ture are controlled along the transport line in order to
ensure the proper operation conditions.
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Fig. 2. Conceptual scheme
of the prototype CO, cooling system.

1. P.Senger et al., J. Phys. G: Nucl. Part. Phys. 36,
064037 (2009).

2. JM. Heuser et al., Nucl. Instr. Meth. A568, 258
(2000).

3. B. Verlaat et al., in Proc. of the Topical Workshop on
Electronics for Particle Physics (Naxos, Greece,
2008), p. 328.

4. J. Sanchez et al., in GSI Progress report 2012 (to be
published).
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CP VIOLATION IN 3-BODY CHARMLESS B-DECAYS STUDY RESULTS
AT LHCB IN 2012

0. Y. Okhrimenko
(for LHCb Collaboration)

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

The LHCD experiment is the forward spectrome-
ter and one of the four huge experiments located at
the LHC [1]. The main aim of the LHCDb is precise
measurement of the CP violation (CPV) and
researching of the B-meson rare decays.

The LHCb, as high energy physics detector, con-
sists of following parts: Vertex Locator, Inner and
Trigger Trackers 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; Magnet
to measure charge particle momentum; Cherenkov
Detectors to separate kaons and pions; Hadronic and
Electromagnet Calorimeters to measure the particles
energy; Muon detector to detect the muons.

In LHCb during 2012 LHC operational year
~2.08 fb ' of data were recorded with following
conditions: proton-proton collisions at Js =8Tev
and average Instantaneous Luminosity of
4-10” cm™s™'. Data (~1 fb™") recorded out in 2011
were analyzed in 2012. One of the results is evi-
dence for CPV in 3-body charmless B-decays.
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The B-meson decays have been the focus of grate
interest due to their sensitivity to CPV phenomena
as well as to new physics beyond the Standard
Model. In particular, charmless 3-body B* decays
offer the possibility to study the weak phase, which
changes sign between charge conjugate B* decays,
in interference pattern between 2-body resonances in
the Dalitz plot. The leading diagram contribution to
these decays proceed through b — s(d) penguin and
a b — u tree transition.

Here a measurements of the integrated charge
asymmetry, Acp, as well as the asymmetry distribu-
tion in the Dalitz plots for B *—>rzn7w,
B*">KKn, BB >KKK, BP->K7rn decays
(Figure) are presented. The raw charge asymmetry is
obtained from the negative and positive B event
yields as (Np- — Np+)/(Np- + Np+). The decay
B* — J/wK" is used to correct the raw asymmetry
from production and detection mechanisms. It is
kinetically similar to the signal channels and has no

expected CPV (the current PDG value is
(1£7)-107).
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Charge asymmetry distribution in the Dalitz plot bins with equal event populations (signal and background, not effi-
ciency-corrected) for B —» r'n'n (a), B* - K'K ©° (b), B* - K'K'K (c)and B* —» K'z'n (d) decays.

The resulting CP asymmetries are the following:
ACP(Kﬂ:n-) = (+34 + 9stat + 4syst + 7J/|//K) ’ 10_3,
ACP(KKK) = (_46 + 9stat + 5syst + 7J/y/K) ' 1073 [2]7
Acp(ﬂ'ﬂ'ﬂ') = (+120 + 2Ostat + 19syst + 7J/1//K) ' 10_3,
Acp(KKT) = (=153 £ 460 £ 194 £ Vi) - 107 [3].
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1. LHCb Collaboration, JINST S08005 (2008).
2. LHCb Collaboration, LHCb-CONF-2012-018.
3. LHCb Collaboration, LHCb-CONF-2012-028.
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TIME-DEPENDENT CP-VIOLATION IN B’-MIXING STUDY RESULTS AT LHCb IN 2012
0. Y. Okhrimenko (for LHCb Collaboration)

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

The LHCD experiment is the forward spectrome-
ter and one of the four huge experiments located at
the LHC [1]. The main aim of the LHCD is precise
measurement of the CP violation (CPV) and
researching of the B-meson rare decays.

The LHCb, as high energy physics detector, con-
sists of following parts: Vertex Locator, Inner and
Trigger Trackers 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; Magnet
to measure charge particle momentum; Cherenkov
Detectors to separate kaons and pions; Hadronic and
Electromagnet Calorimeters to measure the particles
energy; Muon detector to detect the muons.

In LHCb during 2012 LHC operational year
~2.08fb ' of data were recorded out of total
~2.21 b delivered one (~94 % eff.) with follo-
wing conditions: proton-proton collisions at

Js =8 TeV and average Instantaneous Luminosity
of 410> cm™s™". Data (~1 fb ") recorded out in
2011 were analyzed in 2012 as well and allowed to
obtain many interesting and world first/best results
in high energy physics.

The decay B’, — J/yg is considered the golden
mode for measuring time-dependent CPV in neutral
B-mesons system. In Standard Model (SM) CPV-
phase in this decay is accurately predicted to be
0. ==2arg(— ViV 5/VeV ) = (36 £ 2)-107 rad.
But contribution of New Physics (NP) may alter this
value.

A sample of 21200 B’; — Jiyp reconstructed
events were fitted for 9 physics parameters, includ-
ing the phase ¢ _, the mean decay width difference

ATI';. The world’s most precise values are obtained:
(I)S = (_1 + IOISIat + 27syst) * 1073 I'ad,
Ay =10.116 £ 0.018,¢ £ 0.006y ps”' [2].

Also this is first direct observation for a non-zero
ATl';. These results are in good agreement with SM
prediction (Fig. 1).

The decays of B’ and anti-B’; mesons in final
states, which contains D";u~ and D ,u", respec-
tively, allows to measure semileptonic (or flavour-
specific) asymmetry o'y, where upper index “s”
specifies the B’ —anti-B, system. Asymmetry a’y is
defined as (Al /AM;)-tan¢,,, where Al and AM, are

width and mass differences between the mass eigen-
states eigenvalues of B-meson, respectively, and ¢,
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is tiny phase (in SM = 2°). The SM prediction for
a'y=(1.9%0.3)-10". The NP can enter into phase
¢,, and therefore affect a’;.
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Fig. 1. Mixing parameters (¢, and Al) of the By meson.
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Fig. 2. Measurements of semileptonic decay asymmetries
(a’, adsl and Absl, where indexes “s” and “d” denotes B,
and By mesons, respectively, and A%, is defined as
(0.594 + 0.022)a";, + (0.406 + 0.022)a’,) in comparison
with SM prediction. The bands correspond to the central
value £1 standard deviation.

Experimentally semileptonic asymmetry was
measured as a twice the measured asymmetry be-
tween D'y and D ,u" yields. Obtained value is
following:

assl = (—024 + 0-54stat + 0-33Syst)% [3]

This value is the most presize determination to
date, and it is in agreement with SM prediction
(Fig. 2).

Data recorded at LHCb in 2012 are good chance
to improve previous results as well as find NP!

1. LHCb Collaboration, JINST S08005 (2008).
2. LHCb Collaboration, LHCb-CONF-2012-002.
3. LHCb Collaboration, LHCb-CONF-2012-022.
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EKCIIEPUMEHT CBM. JOCJ/IJUKEHHA XAPAKTEPUCTHUK INTPOTOTHUIIIB EJIEMEHTIB
JJIsI KPEMHIEBOI'O TPEKEPA

sI. B. llanacenxo', B. M. Hyralll, . X0ﬁ3ep2, B. O. KuBa', 10. M. COpOKiH1’3, A. O. Jlumanens'”

! Inemumym soeprux docnioncens HAH Vipainu, Kuis
? [Jenmp 0ocnioxcenns saxckux ionis (GSI), Japmumaom, Himevuuna
3 Vuisepcumem imeni I'eme, ®@panxgpypm, Himeuuuna

JocnimkeHo TpoTOTUIIH ABOCTOPOHHIX KPEMHIE-
BUX MikpocTpinoBux ceHcopis tumy CBMO02. Cen-
cop CBMO02-B2 06yB mocmimkeHHI 3a JTOTIOMOTOIO
mikpoenekTponiku (qim nXYTER). Ha aporo moma-
Banacsi Hampyra 3mimenHs 100 B. Cencop Oymno
PO3MILICHO Ha AEMOHCTPATOPl MPOTOTHUILY AETEKTO-
pPHOTO MOAYJIS, i IS 3UATYBaHHS BCiX KaHAJIB BU-
kopuctoByBanuch 4 yina nXYTER. Tpu takux mo-
IOyl OyJio MOCTaBJIEHO Ha MYy4YOK MPOTOHIB 3 €Hep-
riero 2.4 I'eB.

PexoncrpyitoBaHo ofHO- Ta OaraTokJacTepHi
nonii. Byno BU3HaYeHO 110 Y BUMAAKY MPOXOHKEHHS
MPOTOHA TIO0 CEPeUHI MiXK JBOMa CTpillaMH IOBHA

amIuriTyna knacrepa Ha = 10 % MeHIa, HiX y BUMa-

JKy TIOTpaIUISTHHS MPOTOHA B cTpif. TodTo B MiXCT-
PINOBOMY MPOMDKKY CIIOCTEPIraeThCs BTpaTa Maiixe
10 % 3apsny, ane BOHA HE € 3HAYHOIO, 1100 CyTTEBO
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BIUTMHYTH Ha pOOOTY ceHcopa.
MiXCTpinoBHi TPOMIDKOK JTa€ 3MOTY BCTAHOBHUTH
(hyHKIIiOHYBaHHS 000X CTpIIiB, AOCHTI)KYBaTH SBU-
e PO3MOJUTY 3apsiiy MiXK CYCIIHIMH CTpillamu,
MOHITOPYBaTH T€OMETPUYHY OIHOPIAHICTH CTPIMiB i
T. iH. J]yIsi MDDKCTPIMOBOTO MPOMIXKY OyJin o0y 1o-
BaHI JABOBUMIpPHI CIIEKTpH i3 CycimHix crpimiB. Ha
puc. 1 mpemcraBieHO CHEKTPH TSI P- 1 N- CTOPiH
JIOCII/DKYBAHOTO CEHCOPa, IO OCAX BIIKIAICHO
aMILTITYAU CUTHAITY i3 CTpimiB. 3 p-CTOPOHH CIIOCTE-
piraeTbest po3moin, 3 HaAHOLIBII IMOBIpHUM 3HAYEH-
Ham 80 keB, 110 BiAmoBizgae BTpayeHii eHeprii mpo-
toramu (MIY) y xpemnii ToBmuHOPO 300 MKM. 3
N-CTOPOHH CIOCTEPITa€ThCs CUTHAJ MEHIIIOT aMILTi-
TyI¥, a TaKOX NPUOIM3HO y 2 pa3u MeHIIa Kilb-
KiCTh TIOZiH, 10 BKa3y€ Ha HEMOBHE PO3TSATHEHHS
30iJHEHOT 30HU P-N-TIEPEXOY.
et i
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Puc. 1. IBoBumMipHi ciextpu MIY, BuMipsiHi Taporo cycinHix cTpiniB ceacopa CBM02-B2
(J1iBopydY p-CTOpOHA, TIPAaBOPYY N-CTOPOHA).
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Puc. 2. Posnogin st n-dyHKii.

Hpyroto yactuHOO poOOTH OyJO BH3HAYEHHS
BiJTHOIIICHHSI CHTHATY JI0 IIYMYy Ta PEKOHCTPYKIIis
n-byakmii. OTpuMaHe 3HAYeHHS IS CeHcopa
CBMO02-B2 ajnis p-croporu S/N =19 i € mocraTHiM

LIOPIYHUK - 2012

JUISL HaiHHOI peecTpariii KOPUCHUX Toxmid Ha (oHi
IyMy JUIsi HEONPOMIHEHOTO CEHCOpa TOBIIWHOIO
300 MxMm.

Jst TpekiB, AKi TeHEPYIOTh TOCTaTHRO 3apsay Ha
JIBOX CTpiMax BHIIE 3HAYCHHS OPOTra, MO3HIis MPo-
XOIKEHHsI YaCTUHKHU 4epe3 CEHCOp MOke OyTH BH-
3HaueHa OiIbII TOYHO 3aBASKH OOpaxyBaHHIO
n-byakmii. e meminiiiHa QYyHKIA, SKa TOPiBHIOE
BIZIHOILICHHIO 3apsily, 310paHOMYy TpaBUM CTPIllOM,
J0 CyMapHOro 3i0paHoro 3apsay kiactepa. Jlis
aHai3y BiIOMPAIOTHCSA TBOCTPINOBI KiacTepu. Bu-
KOPUCTOBYIOUH 1€ O3HAYEHHsI, OyJI0 OTPHUMAaHO PO3-
nofin g n-gyHkuUii (puc. 2). XapakTepHUM € Ha-
SIBHICTP TIKiB Ha Kpasx posmoniny. lle o3Hadae, mo
MOJUT 3apsily MK cTpimamu BifIOYBaeThcs HE 3a
JHIMHUM 3aKOHOM.
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BUIIPOBOBYBAHHS HA IYUYKY IPOTOHIB CEHCOPIB JIJI1 KPEMHIEBOI TPEKOBOI
CUCTEMU EKCIIEPUMEHTY CBM

I'. M. Maaurina'?, B. M. IIyrau', 0. €. Copokin'?, M. Xoiizep®

! Inemumym soeprux docnioncens HAH Vipainu, Kuis
? Yuisepcumem imeni I'eme, @panxdypm, Himeuuuna
3 Ienmp docnioxcenns saxckux ionie (GSI), Japmuwmaom, Himevuuna

ExcriepuMeHT Uit TOCHTIIKEHHSI CTUCHYTOI Oa-
pionHoi pedoBuHu CBM (Compressed Baryonic
Matter) — e MaitOyTHIii €KCIIEPUMEHT 3 PEJISTHBICT-
CHKMMH BOKKHUMH 10HAMHU Ta (DiKCOBAHOIO MIIICHHIO
Ha 0a3i npuckoproBaua SIS-300 B GSI ([Japmuiranr,
Himeuunna). Horo mera — mociiauTu (hazoBy miar-
paMy KBaHTOBOi XpOMOIMHAMIKH B 00J1aCTi BUHCOKHX
0apiOHHHX TYCTHH Ta MOMIPHUX TEMIIEPATYP.

TpexoBy cucremy CBM [1], sixa € ogHuM i3 Haii-
BaXJTUBIIINX €JIEMEHTIB EKCIIEPUMEHTaNbHOI ycTa-
HOBKH, IUIAaHY€ETHCS TOOYyBaTH Ha 0a3i KpeMHIEBUX
MIKPOMIKCENBbHUX Ta JBOCTOPOHHIX MiKPOCTPIIOBUX
ceHcopiB. s 3unTyBaHHs OyJe BUKOPHUCTOBYBATH-
cs enekTpoHika Ha 6a3i mikpodina nXYTER (Front-
End Boards) [2].

VY ciyni 2012 p. IpoTOTUNHN JETEKTOPHUX MOJY-
JIB JJIST TPEKOBOI CHCTEMH OyJIO NMPOTECTOBAHO Ha
My4YKy TpOTOHIB 3 eHeprieo 2,4 ['eB (cunxporpon
COSY, IOnix, Himeyunna) [3]. Y namomy mocmia-
JKEHHI TTOPIBHIOBAIINCS XapaKTEPUCTUKU HEOIPOMi-
HEHOTO CEHCOpa 1 CEHCOpiB, SKi OTpUMAaH I030BE

13 : 1014 2
HaBaHTaxeHHA 3-10° 1 10" ne/cm”. BukopucroBy-

BaBCs pEKUM 30BHIIIHBOTO TPUTEPA.

[IpoanamizoBaHO KOpENAIii MK aMILTITyJaMH CH-
THaTY (K1 TIPOTIOPITiiHI 3apsry 310paHOMy CTPIIIOM )
Ha MpPOTWIICKHHX CTOpOHaX ceHcopa. CKym4eHHS
TOYOK B3JIOBXK IMPSAMOI 3 KyTOM Haxwiry 45° CBITUHUTH
PO OJHAKOBY €(EKTUBHICTH 300py 3apsmay oboma
cTopoHamu JieTektopa. OnpoMiHEHHH CEHCOp ToKa-
3aB 3HAa4YHE MOTIpIIEHHS e()EeKTUBHOCTI 300py 3apsmy
n-cropororo (puc. 1). lle Bkazye Ha HEOOXiTHICTH
30UTBIIEHHST pOOOYOT HANPYTH 3MIMICHHS Uil CEHCO-
piB, SIKi OTpUMaH BEJIUKi JO30B1 HABAHTA)KCHHS.
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Puc. 1. Kopensmis Mk aMIUTiTyJaMH CHUTHANIB Ha TIPO-
THICKHUX CTOPOHAX JUII HEONpPOMiHEHOTro (3I]1iBa) Ta
orpoMiHeHoro (crpasa) ceHcopiB. Poboua Hampyra 3Mi-
urenns 30 B. KombopoM no3HAYEHO KiTbKICTh MO,

JlJis HEoNpPOMIHEHOTO CEHCOpa CIIOCTEPIranoch
YiTKe PO3AUICHHS CHUTHANY BiX IIyMy (IIyHKTHpHA

JiHIST Ha pHUC.2) Ta KOPEISIisl MK aMIUTiTyIaMH
CUTHaJiB Ha cycimHix cTpinmax. Jns ceHcopa, skuii
otpumaB onpominenns 10" l’leq/CMz, B3arajii HEMOXK-
JIUBO JTOCTOBIPHO PO3MUIATH CUTHAJ BiJl IIyMY .

STPIM 2 N-CTOPOEAL,
opsooag AI[TT

Arnootityzna croRany s

AyomiTyma crrramy 1a eTpim 1 p-eToporac oxreaan AL

Puc. 2 Kopensiist Mixk aMIUTiTyilaMi Ha OCHOBHOMY CTpi-
mi (skuid 310paB HaOLIbIIE 3apsiay) Ta CYCIIHBOMY JUIs
HEOMPOMIHEHOTO (3J1iBa) Ta ONMPOMIHEHOro (cIipaBa) ce-
HcopiB. EnincoM o0BeneHO MOil, y SKUX 3apsii pO3MOIi-
JSBCS MDXK CYCITHIMH CTpilamu, YTBOPIOIOYH 2-CTpiro-
Buii kiactep. Kombopom nozHaueHa KimbKiCTh MOIIH.

[pu 3MiHI HaXWITy TUIOIIMHU CEHCOpa JI0 OCi ITy-
YKa NUISX MPOTOHA B TOBIII KPEMHIIO 3pocTae o0e-
pPHEHO TIPOTOPIIIHHO CHHYCY KyTa Haxwimy. OIiHKa
OUiKyBaHUX 3HaueHb aMIUIITYAM CHTHANY Bin 1- Ta
2-cTpinoBux kiactepiB (puc. 3) HOpMOBaHa 3a Ja-

HUMH 1715 KyTa 0°.

. 1-cTpinoEl ¥nacrepet .|
190 I 2-crpinorixmacrepn
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| .
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Puc. 3. Cnocrepexena (kpamku) Ta OdYiKyBaHa (JIiHii)
aMInITy1a CUTHaIMYy Juist 1- 1 2-CTpINOBHUX KJIACTEPiB JUIs
HEOIPOMIHEHOTO CEHCOpa IpH 3MiHEHHI KyTa HaXWITy
IUIOLIMHA CEHCOopa JI0 OCi IMydKa.

1. J.M. Heuser et al., Nucl. Instrum. Methods A568, 258
(2006).

2. A.S.Bronga et al., Nucl. Instum. Methods A568, 301
(2006).

3. J.M. Heuser et al., CBM Progress Report 2011 (Dar-
mstadt 2011), p. 17.
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TRANSCONDUCTANCE CALIBRATION OF n-XYTER 1.0

I. Sorokin'*, T. Balog™*, V. Krylov’, C.J. Schmidt*

! Goethe University Frankfurt, Frankfurt/Main, Germany
? Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
3 Comenius University, Bratislava, Slovakia
* GSI Helmholtz Center for Heavy Ion Research, Darmstadt, Germany
? Taras Shevchenko National University, Kyiv, Ukraine

Since long time n-XYTER 1.0 [1] has been ac-
tively used as a prototype readout chip for the Silicon
Tracking System (STS), Muon and Cherenkov detec-
tors of the CBM experiment. Transconductance cali-
bration of n-XYTER has already been reported [2].
However, it was done with only one channel of one
chip, only at one polarity and without thermal stabili-
zation of the chip. An inconsistency [3] between this
calibration and results of measurements with various
microstrip detectors done by the CBM-STS group
necessiated to repeat the calibration thoroughly.

To generate reference charge pulses voltage steps
were applied to the n-XYTER input over a capacitor.
The injected charge in this case is C-AV.

The voltage steps were generated with an ordi-
nary laboratory pulser and attenuated down to the
millivolt level with passive attenuators. In order to
minimize the systematic error the actual attenuation
factors were measured with high precision, and also
their independence of the frequency was checked.

The capacitance (with parasitics) was also meas-
ured precisely (1.051 £0.001 pF). As a cross-check,
calibration of one channel was repeated with a ca-
pacitor of a different type and value and a good
agreement was observed.

Finally, independence of the n-XYTER response
on the width of the injected pulse was checked (as
expected, observed roughly up to 50~ns).

n-XYTERs were operated on the Front-End
Boards rev. D, with thermal stabilization and in con-
junction with 12-bit ADC (AD9228, dynamical
range — 1..1 V).

The calibration was done with 3 chips and 42/10
channels for negative/positive polarities respec-
tively. Within the same polarity the data from all
channels was combined and fitted with a 4™ order
polynomial, and the results are:

Q-=0.2025+20.53-10" - A-6.733-10°- A +
+13.24-107 - A*-3.566- 10"% - A",
Q.=0.3966+19.21 - 10 - A +2.603 - 10° - A*-
-10.62- 107 - A*+12.27 - 1072 - A%,
where Q. is the input charge in fC, and A is the

n-XYTER output amplitude in ADC LSB (least
significant bit).
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Simple formulae were obtained for the linear
range (0-700 ADC LSB) by fitting the same data
with straight lines:

Q_=0.07757 +0.02051 - A=0.07757 +10.02 - 10 - U,
Q. =0.3718 +0.01960 - A =0.3720 +9.573 - 10 - U,

where U — is the n-XYTER output amplitude in mV.

The dominant contribution to the uncertainty
comes from the fact that a single calibration curve is
applied to all channels, even though they might have
slightly different gains. This uncertainty was param-
eterized with a 2™ order polynomial and estimated
by requiring that it compares to the dispersion of the
data. Due to small number of data points at positive
polarity the uncertainty was assumed to be the same
for both polarities:

AQ=0.1-4-10""A+14-10°- A?
(AQ in fC, A in ADC LSB).
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n-XYTER calibration at negative polarity.

As a cross-check against possible systematic
errors a planar silicon detector was connected to
n-XYTER and the amplitude that corresponds to the
59.6 keV line of **Am was measured (114 LSB)
(Figure). According to the calibration of the same
(single) channel, the amplitude corresponds to 2.57
C of charge, which is in a very good agreement with
the expected value of 2.64 {C (2.7 % difference).

1. A.S.Brogna et al, n-XYTER reference, manual,
unpublished.

2. GSI Scientific Report 2009 (Darmstadt, 2010), p. 84.

3. GSI Scientific Report 2010 (Darmstadt, 2011), p. 26.
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MIKPOCTPIIIOBI METAJIEBI JETEKTOPHU
JJIs1 JIATHOCTUKHA ITYYKIB 3APAJKEHUX YACTHUHOK

0. C. KOBa.HL‘lyKl, B. M. Hyraql, J. L CTopommcl, B. M. Mixiuis’,
B. O. KuBa', O. A. (I)e2]0p0BI/I'{1, I. Pem?

! Inemumym soeprux oocnioocens HAH Ypainu, Kuis
? Diamond Light Source, Oxfordshire, United Kingdom

Binaninom ¢i3uky BUCOKUX €HEPTrii CIIBHO 3 Jia-
Ooparopieto ¢izukn tasmu 1] HAH VYkpainu
CTBOPEHO TEXHOJIOTiI0 BHUTOTOBJICHHS MIKpPOCTPIITO-
Bux MeraieBux nerekropiB (MMI). Lli gerexropu
CIIPOMO’KHI PEECTpYBaTH MOTOKH 10HI3yIOUOro BH-
MIPOMIHIOBaHHS y IIUPOKOMY Jiara3oHi €Heprii Ta
IHTEHCHUBHOCTI. BigMinHOIO ocobnuBicTio MMJI Bif
MIKpPOJETEKTOPIiB Ha OCHOBI HaIliBIPOBiAHUKOBHX,
CHMHTWIAIIMHNX a00 Ta30pOo3psSAHHX MaTepiais,
saKi a00 TOBHICTIO TOTJIMHAIOTH TOCIIKYBaHUI
My4ok, abo CyTTEBO HOro aedopMyroTh, € HOTo
MIPaKTUYHO i/IealbHa PO0OTa B SKOCTI BUMIiPIOBAIb-
HO-MOHITOPYIOUOTO TIpHIaxy Oe3 CIIOTBOPEHHS Xa-
PaKTEPUCTUK JOCHIPKYBAHOTO ITyYKa 3apspKEHUX
YaCTUHOK YW PEHTTeHIBCHKOTO BUIIPOMIHIOBAHHS.

B ocHoBi npuanumy poborn MM/J] nexuTh BTO-
punHa enektporHa emicis (BEE). Ilydok 3apsmke-
HUX YacTUHOK a00 QOTOHH, MPOXOATYH Kpi3b CTPiM,
Buknukae BEE, yTBopiooun TUM caMuM AOJATHUI
3apsi, SIKUH IHTErpy€eThCsS BUCOKOUYTIMBHUM 3apsiio-
BuM iHnTerpatopoM (B3I), mo 3’ennanuii 3i crpimom.
B sBumi BEE ronoBHy poib Binirpae TOHKWH HpH-
MTOBEPXHIiH map Metany 3aBTOBMKH 10 - 50 HM, mo
Jla€ MOJKJIMBICTH CTBOpIOBaTH HanToHKI (1 MKM)
JETeKTOPH 3 MiHIMAJIBHOIO MAacoOl0 JETEKTYIOUOro
Mmarepiaiy. Lle € onHi€r0 3 TOJIOBHUX IepeBar AeTeK-
Topa. ImmumMu ocobmuBocTsMu MMJ] e: Bucoka
paniamiitHa criiikicts (>100 MI'p), Bucoka mpocTo-
poBa pPO3IiNbHA 3MaTHICTH (IO 2 MKM), yHiKanbHa
TEXHOJIOTisI BUPOOHUIITBA, HU3bKa poOoda Hampyra
(mo 20 B), xomepuiliHO JOCTYyIHA 34YHTYyBajbHA
eJIEKTPOHIKa.

MosxnmBi 0051aCTi 3aCTOCYBaHHS ITUX JETEKTOPIB:
MOHITOPHHT TPO(MITI0 MIKPOMYUYKiB 3apsIKEeHUX
YaCTUHOK Ta CHHXPOTPOHHOTO BHUIPOMiHIOBaHHS;
peecTparis moxid y Mac-CIeKTpOMeTpax Ta eJeKT-
POHHHMX MIKpOCKOIax (eJleKTpoHHa (oKaahbHa IUIO-
HIMHA); AATYHKH PEHTTEHIBCHKOI'O Ta raMMa-BHIIPO-
MiHIOBaHHS; MPEUU3iliHI BUMIpIOBaHHS MPOCTOPOBO-
r0 PO3MOILTY pamiallifHOTO HaBaHTaKEHHS (MIKpo-
Oiosorisi, MEANIIMHA, MiKPOMETAIYPTii TOIIO).

Hapasi icayrots 3pazku MM/ i3 KiTBKICTIO CTpi-
miB Big 16 mo 1024 i3 kpokoM cCTpimiB Big 2 10
200 MK.

Y 2012 p. Oy BUTOTOBJICHI ACTEKTOPHI MOIYJIi
MM/I (pucyHOK) aisi 3aCTOCYBaHHSI B CHUCTEeMi (o-
KyCyBaHHS MIKpOITy4KiB Ha cuHXpOoTpoHi DLS (Be-
nukoOputanis). Jns nporo mpoekty Oyiu po3poo-
JIeHI Ta BUTOTOBJICHI YHIKalbHi 32 CBOIMH XapakTe-
PUCTHKaMH CEHCOPH 31 3MIHHUM KPOKOM CTpIIIiB -
MMD32 v (kinbKicTh cTpimiB — 32, BiCTaHb MiX
crpinamu Big 2 10 300 MK).

Momyns MM/ 3i 3MiHHIM KPOKOM CTPIIiB.

Bukonano mocmimkeHHs 16-CEKTOPHOTO MeTae-
BOro MikpojeTrekropa Ha JiHii B16 cuaXpoTpona
DLS (miamerp myuka 100 mxm, eHepria 10+20 keB).
BusHauena gyTiuBicts merexktopa 10” e/ph Bimmo-
BiZla€ TEOPETUYHUM pO3paxyHKaM. BumipsHO 1mMo3u-
UiiiHy 4yTJIMBICTH pi3HUX Ipyn cexTopiB MM/I 3a-
JIEKHO BiJl TEpeMillleHHsI JeTEeKTOopa BiHOCHO OCi
My4Ka.

Ha 6a3i cuctemu 300py Ta 00poOku ganux X-DAS
(SENS-TECH, BenukoOpuranist) mo0ymoBaHa CHUCTe-
Ma MOHITOPHHTY TPO(UTIO i MOJIOKEHHS ITyUYKiB 3a-
psIDKeHnX 4acTUHOK. Y 2012 p. BUKOHAHO BHIIPOOY-
BaHHS 1Ii€i cuctemu 3 nerekTopoM MMD64 Ha mpu-
cxoproBaui EI'TI-10K I51/] HAH VYkpainu. Po3nodato
BUT'OTOBJICHHS HOBOTO 0araTOKaHAIBHOTO JIETEKTOp-
HOTO MOIYyJS il JOCHIPKEHb JUHAMIKUA (hasoBUX
MEPEXOiB y MeTanax, 10 HpOBOAAThCA B IHCTHUTYTI
mpo6semM MatepianoznactBa HAH Ykpainm.
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LHCb RADIATION MONITORING SYSTEM OPERATION IN 2012

0. Y. Okhrimenko, V.M. Pugatch, V. M. Iakovenko

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

In 2012 at LHC proton beams were collided at
8 TeV. In total, 2.2 fb ' of luminosity has been de-
livered at IP8, where LHCb experiment is lo-
cated [1].

The Radiation Monitoring System (RMS) [2 - 3]
of the LHCb Inner Tracker (IT) has operated well in
2012 performing its main goal — monitoring of ra-
diation load at IT region during collisions at LHCb.
By the principle of operation RMS measures secon-
dary electron emission from metal sensors caused by
impinging charged particles.

It was shown in 2010 that RMS response is cor-
related with luminosity measured by LHCb [4].
Fig. 1 illustrates comparison of the delivered lumi-
nosity measured by RMS-module and LHCb in
2012.
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Fig. 1. Delivered luminosity in 2012 (75 fills with highest
delivered luminosity per fill) measured by LHCb (grey
area) and RMS sensors (blue line). The data are shown
only for ‘CRYO’ module (mean value of 7 sensors).
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In 2012 a simulation for proton-proton collisions

at <s =7TeV was made by exploring code
FLUKA [5] to estimate radiation load at LHCb. The
highest fluence charged hadron fluences at IT-2
region was evaluated ~ 10'> cm™' for 2.2 fb .

MIP fluxes and absorbed dose distribution meas-
ured by the RMS agree well with the Monte-Carlo
simulated data.

The distribution of the charged particles fluence
at 2.2 fb"' of luminosity over the IT Si-sensors
measured by RMS is shown in Fig.2. Up to
4-10"* MIP/cm’ have passed through silicon sensors.
These fluences correspond to a dose of (0.15 -
1) kGy absorbed by different sensors. Correspond-
ingly calculated leakage currents increase in Si-
sensors constitutes (30 - 300) pA'. This agrees well

' This difference is caused by volume difference be-
tween short and long Si-sensors (factor ~ 3).
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with the selected leakage current measurements.
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Fig. 2. Charged particles fluence distribution at IT-2
station measured by the RMS in 2012 for 2.2 fb .

Assuming 3 years (2010 - 2012) of LHC operation,
about 3.3 fb ' of luminosity was delivered at LHCb. In
total, this has resulted in (1 - 6) -10'> MIP/cm?, (0.25 -
1.55) kGy and (50 - 500) pA of charged particles flu-
ence, absorbed dose and leakage currents increasing,
respectively. This requires Si-sensor cooling down till
(0 - 5) °C and bias voltage tuning to keep reliable ope-
rational of IT.

RMS’s data are included in Beam and Back-
ground monitoring tools and are displayed online in
LHCb Control Room for preventing damage of sili-
con detectors from unexpected radiation incidents
during LHC operation, especially during the beam
injection.

Next year an online displaying of the radiation
load and integrated luminosity measured by RMS
will be modified to improve its performance. De-
tailed Monte-Carlo simulation of the radiation back-
ground at RMS region will be done for new condi-
tions of the LHC operation.

We would like to thank Silicon Tracker and
Beam and Background groups and all LHCb Col-
laboration for frank and fruitful cooperation and
useful discussions. Special thanks are to Fred Blanc,
Helge Voss, Matthias Karacson, Gloria Corti, Fede-
rico Alessio and Richard Jacobsson.

1. LHCb Collaboration, JINST S08005 (2008).

2. V.Pugatch et al., Ukr. J. Phys. 54 (4), 418 (2009).

3. V.Iakovenko et al, Nucl. Phys. At. Energy. 12(3),
225 (2011).

4. O. Okhrimenko et al., in Proc. of ICALEPCS2011
1115 (2011).

5. www.fluka.org/fluka.php.
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ANALYZING HOMOGENEOUS RESPONSE OF INGRID DETECTORS IN MINI-TPC

A. Chaus'?, M. Titov’
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The International Linear Collider (ILC) is
planned to be the next major project in the High
Energy Physics. One of the main components of the
ILC detector is the Time Projection Chamber
(ILCTPC). This work concentrates on the develop-
ment of TPC readout, based on integration of the
Micro-pattern gas detectors (Micromegas) and
CMOS pixel chips ("TimePix"). This new type of
device is named "InGrid". Main requirements for
"InGrid" is to achieve sensitivity to single electrons
and a very high spatial resolution (~30 um). During
the year we’ve tested several prototype "Ingrid"
detectors.

The Medipix device has 256 x 256 pixels, each
of 55 x 55 um area [1]. The signal induced in each
pixel is compared to a preset threshold. If the signal
is larger than a preset threshold, the pixel is acti-

Fig. 1. Gaseous box for mini-TPC,
with InGrid detector inside.

In this case guard ring problem in micro-TPC can
be the main reason why detector is not sensitive on
the edge.

vated. A particle can activate one or several pixels
forming a blob. The data are recorded as frames that
contain the status of all the pixels (65 536) after a
given acquisition time.

In TPC one reconstructs tracks using 2D-charge
profile on the TPC endplate and the third coordinate
is derived from the drift time information [2]. In
Saclay mini-TPC has been built. Using this mini-
TPC a number of "Ingrid" single chips have been
tested. In Fig. 1 a photo of mini-TPC is presented.
Drift distance in micro-TPC (~ 10 cm) is large
enough to allow study of single electron response
from Fe55 source.

In Fig. 2 integrated frame is shown. Drift field
was 200 V/cm, mesh voltage 350 volt and Ar/Iso
mixture was 95/5. This was enough to detect every
primary electron.

255

¥ {column number) 2586

o] 378.8 F57.5 1136 1515

Fig. 2. Integrated frame with active detection area
in the centre. 30 pixels on each edge are non-sensitive.

1. X. Llopart et al, Nucl. Instr. and Meth. A581, 485
(2007).

2. P.Colas et al., Nucl. Instr. and Meth. A 535, 506
(2004).
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MICROPIXEL TimePix DETECTORS
FOR KINEMATICS COMPLETE STUDIES OF THE REACTION ""B(p, 3a)

M. Pugach1’4, M. Campbellz, C. Grania®, X. Llopartz, S. Pospisil3,
0. Kovalchuk', V. Kyval, 0. Okhrimenko', Yu. Pavlenko', V. Pugatch, D. Storozhyk1

! Institute for Nuclear Research NASU, Kiev
2 CERN, Geneva
? Institute of Experimental and Applied Physics, Prague
“Taras Shevchenko National University, Kiev

A new experimental setup that included mi-
cropixel TimePix detectors [1] has been built at the
Tandem generator of the Institute for Nuclear
Research NASU to measure energy and angular
correlations of alpha particles from the reaction
"B(p, 30). TimePix hybrid micropixel detector
(300 pum thick silicon, 256 x 256 micropixels, 55 X
x 55 um?) introduces a chance to study three-
particles final state in a wide range of phase space
allowed by the energy and momentum conservation
laws. The aim of this year studies was to test mi-
cropixel detector as a part of the experimental setup
which provides simultaneous measurement of seven
parameters: two coincident particles energies (E1,
E2), polar (01, 62) and azimuthal (¢1, ¢2) angles as
well as time of arrival of the particles in synchro-
nized TimePix detectors. Kinematics calculations
(Fig. 1) have been performed to find out the condi-
tions of the interference phenomena for the
*Be*(2.9 MeV) excited in the three-alpha particles
final state resulted by the interaction of protons at
2.65 MeV with ''B nuclei.

s} +11B SE aBe > oy + oy + oty

E2I, MeV

kinematical curve

E1I,.MeV
Fig. 1. Kinematics of the reaction ''B(p, 3a). E11, E2I —
energy of alpha-particles at the polar angles 45 and 120
degrees, respectively. Black line — kinematical locus; all

other lines — relative energy in different pairs of reaction
products.

A star indicates position of a contribution of the
*Be*(2.9 MeV) state excited in two pairs of reaction
products. Due to the identity of the decay products
this should result in interference. Location of this
event on the kinematic locus is marked by an oval.
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Fig. 2 illustrates a performance of the setup present-
ing two-dimensional energy distribution of the
events from the reaction ''B(p, 30) obtained by the
coincidence between the TimePix detector and sili-
con detector for the phase space of *Be*(2,9 MeV).
This setup will be explored for detailed study of
transition from destructive to constructive interfer-
ence in the reactions with few identical particles in
final state.

1000 R 14
12
., 800
E 10
= 600
= 8
o
2 400
T
L
2004
2
0

0 200 400 600 800 1000

TimePix (120 ) ADC

Fig. 2. ''B(p, 30) reaction. Two-dimensional energy spec-
trum for coincident events in the silicon detector
(61 = 45°) and the TimePix detector (0, = 120°).

The software has been developed to approximate
measured energy spectra by the formula

d°s/(dE, - d6, - do, - dE, - df, x
X dg2) ~k [Fusol” - p(EiE2),
where the three-particle final state amplitude F
|Fua(1|2 = |fu1u2|2+ |f(12(13|2 +2 fuia2 * fooes - cOS(AY)

includes interference term (phase shift Ay) while
pair interactions between alpha-particles f,1,» and
fu003 are presented by the Breit - Wigner distribution.
From fitting procedure phase shift parameter Ay will
be derived as a function of polar and azimuthal
angles for angular combinations provided by two
TimePix detectors.

1. X. Llopart et al., Nucl. Instr. Meth. A581, 485 (2007).
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POSITION SENSITIVE MICRODETECTORS
FOR DIFFRACTOMETRY OF FAST PROCESSES

V. Pugatchl, V. Burdin®, M. Campbellz, D. Denisyukl, S. Firstov®, O. Kovalchuk', X. Llopartz,
V. Militsiya', V. Minakov*, O. Okhrimenko', Yu. Podrezov*, S. Pospisil’, M. Pugach', D. Storozhyk'

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
? European Organization for Nuclear Research (CERN), Geneva, Switzerland
I nstitute of Experimental and Applied Physics, Czech Technical University, Prague, Czech Republic
‘I M. Frantsevich Institute for Problems of Materials Science, National Academy of Sciences of Ukraine, Kyiv

Tests of position sensitive micropixel as well as
metal and silicon microstrip detectors were per-
formed as a tool for measuring and imaging in real
time dynamics of phase transitions in metal alloys
under heating or cooling. The experimental setup at
the Institute for Problems of Material Science NASU
has been explored for the X-rays diffraction studies.
Angular position of diffraction peak is determined
by the crystal lattice constant changing its value
under cooling or heating. Characteristic features of
X-ray diffraction were determined including angular
position of the peak, its shape and intensity.

Position sensitive TimePix detector (CERN) pro-
vides measurement of two-dimensional X-ray inten-
sity distributions [1]. In fact it surveys as an ‘elec-
tronic plate’ imaging in real time the dynamics of
phase transitions, while earlier explored method of
the ‘mechanical slit” moving in front of the scintilla-
tor detector was rather time consuming and less
precise. Fig. 1 shows position of the diffraction peak
derived by the developed software as a function of
the sample temperature, varied during the time () of
experiment in the range 20 - 1250 °C.

Pixel
200
e
190 \‘
180 | ‘.\
m] \
160 1
1
i
L]
150 4 i
H
i
i
140 i
\
i
H
130 v
3
120 T T T T T T 1
0 10 20 30 40 0 60

t, s
Fig. 1. X-ray diffraction peak position measured by the
micropixel hybrid TimePix detector at different time of
experiment under heating (7<t <17 s) and cooling (32<t
<54 s) of the sample.
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The exposure time varied from 10 ms to few
hundred ms needed for the peak position determina-
tion with accuracy of 20 pum. This has allowed to
extract the parameters of a-, y-phases in armco-iron
(2 % of carbon) with a precision of +1.2:10” during
the transition from ferrite- to austenite-phase (Fig. 2)
under its heating or cooling from 20 to 1250 °C [2].

Lattice constant

Temperature

Fig. 2. The lattice characteristics (o~ and y-phases) during
sample heating (filled figures) and cooling (empty
figures): I — ferrite; 2 — austenite.

Different prototypes of metal and silicon micro-
strip detectors have been also tested with the aim to
build a cheaper yet still reliable setup for diffracto-
metry of fast processes during phase transitions in
metals. It has been demonstrated that commercially
available system XDAS (SENS-TECH, UK) is the
most suitable readout system for such applications.
The corresponding detector module based on the
silicon microstrip detector has been designed and its
components are in production.

We thank Collaboration MEDIPIX (CERN) for
the TimePix detectors used in these studies.

1. V. Pugatch, M. Campbell, X. Llopartet et al., Nucl.
Instr. and Meth. A 650, 194 (2011).

2. M.V. Pugach, V.V. Burdin, M. Campbell ef al., Nucl.
Phys. At. Energy 13, 382 (2012).
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BUMIPIOBAJIBHA CUCTEMA 3 I'HYYKOIO APXITEKTYPOIO

A.II. Boiitep, IO. M. IlaBaenko, M. 1. loponin, O. M. KoBaasoB, 1. O. Ma3uuii

Tnecmumym soepuux docnioxcenv HAH Yrpainu, Kuis

OCHOBOIO AJIs1 CTBOPEHHS apXiTEKTYpHU BUMIpIO-
BaJbHOI CHUCTEMH 3 THYYKOIO apXiTEKTyporw € y3a-
rajibHeHa CHUCTEMHA JCKOMIIO3UIlisA (YHKIIH, SKi
BHUKOHYIOTbCS BUMipIOBaJIbHUMHU CHCTEMaMH 3a Pi3-
HUMH MeToIOuKaMu. EneMeHTH apXiTeKTypH peai-
3YIOTh TEBHI Ipynu (QYHKIIH CHCTEMH, 30Kpema:
aMILTITYAHOTO aHaJi3y, aHaJi3y YaCOBUX 1IHTEPBAIiB,
(byHKIi# BinOOpy MmoAiN, IXHBOTO MiPaxyHKY TOIIO.

BigMmiHHOIO PHCOIO0 apXiTEKTypH € Te, IO BOHA
Opi€EHTOBaHa Ha peali3alilo 3 MIMPOKUM BUKOPHC-
TaHHAM [POTrPaMOBAHOI JIOTiKM, IO 3a0e3MeYuTh
MaKCUMAaJIbHy I1HBapiaHTHICTh CHCTEMH BIJHOCHO
Ti€1 YM 1HIIOT METOAUKH BUMIPIOBAHb.

ApXITeKTypa BUMIpPIOBAIBHOI CUCTEMH BU3HAUYAE
Mepesik OCHOBHHMX OJIOKIB SIAEPHOI €NEeKTPOHIKH,
iXHIO CTPYKTYpY, QYHKIIi Ta B3a€MO3B’SI30K, (op-
MaTH JaHUuX, iHTepdeiich Ta BUAN BXiJHHX Ta BHXi-
OHHUX CHUTHAJIIB. 3arajioM BHMIpIOBajJbHa CHCTEMa
CKIIajjaeThbes 3 0a3oBoro Oioka, Ooka AL, 6moka
JMYMIBHUKIB 1 OJIOKa MOHITOPHOTO KaHay, §Ki
00’€HaH1 BHYTPILIIHBOIO IIMHOO JaHUX 1 YIIpaBIIiH-
Ha. KokeH i3 0J0KiB Ma€ BiIacHy IIMHY JaHUX 3aja-
Horo QopmMaTy Ta BigNoOBiAHWN HaOip JNiHIH ymnpas-
JiHHSA. BXiZIHUMU CUTHaIamMu BUMIPIOBAJIBHOI CHC-
TEMH € BiCIM aHAJIOTOBUX IMIYJIBCHUX CHTHAIIB BiJl
CIIEKTPOMETPHUYHHUX ITiICHITIOBAUiB, BiCIM aHAJIOTO-
BUX IMIYJIbCHUX CUTHANIB BiJl IMIBUAKUX ITiJICHITIO-
BaYiB JIETEKTOPHOI CUCTEMH Ta OJHMH BXiJ BiJ| CIIEeK-
TPOMETPUYHOTO TTiICHITIOBaYa MOHITOPHOT CHCTEMH.

OcHOoBHHMH QYHKIIIsSIME 0a30BOTO OJIOKA €:

peectpanis GakTy noAii Ta NPUCBOEHHS HOMY Mi-
TKH 9acy (TOYKa BiJUTIKy — IT0YAaTOK €KCTIEPUMEHTY);

BU3HAUCHHS YacOBUX XapakTepucTuk moxii Tj
(vacoBwuii criekTp 30iriB);

BUPOOJIEHHST KoAy-ieHTudikaropa Ny map Tere-
CKOIIIB, BKJIFOUCHHX y CXeMY 30iriB;

30ip JaHWX 1 YNOpaBNiHHA PEKUMaMH POOOTH
OJIOKIB TIO BHYTPIIIHIN [IMHI CUCTEMU;

BUPIBHIOBAHHS 3aTPUMOK MiK BUMIPIOBATEHUMH
TpaKTaMH JETCKTOPIB TEJICCKOIIIB;

(hopMyBaHHSA BEKTOPIB NOAiH y OydepHiil mam’s-
i, Hanpuknan EAEEAE TNy g noasiiinux 36i-
riB, BiAEE,AEEAE, T;iTjNg 171 moTpiitHuX 30iriB;

3B 30K 3 CHCTEMHUM KOMII FOTEPOM.

bazoBmii 0yok (YHKIIIOHYE TIiJ] YIPaBIiHHSIM
MikpokoHTposepa (MK).

brnox ALII npu3Hayenuii A1 IepeTBOPEHHS CHU-
THAJIB BiJ BOCBMH CIIEKTPOMETPUYHHUX ITiJICHIIIOBA-
49iB (HampukiIam, 4YoTHpHhOX TeleckomniB E-AE) y

LIOPIYHUK - 2012

JBIHKOBUH KOJ aMILUTITYAH B PEXHMI i3 CTpoOyBaH-
HsIM a00 y 6e31epepBHOMY PEXUMI.
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CrpyKkTypHa cXeMa BUMIPIOBAIBHOT CUCTEMU.

Bbirox MOHITOpHOTO KaHATY TIPU3HAYCHUH IJIS T1e-
pETBOpEHHsI B Oe3nepepBHOMY pEXHUMi CHTHAY BiJ
CHEKTPOMETPUYHOTO  MiJICHIIIOBA4a  MOHITOPHOTO
KaHAJIy y JABIAKOBHH KOJ, HAaKONMWYCHHS KOMIB Y
ricrorpamHiii OydepHiii mam’sTi Ta MiATOTOBKH Ja-
HUX JI0 Bi3yaumizarii.

MepexeBa abo JIOKanbHAa B3a€MOJiS BHMipIOBa-
JHHOI CHCTEMH 13 CHCTEMHHM KOMIT IOTEPOM 3IIiHC-
HIOETHCS M1 YIIPaBIiHHSAM MIKpOKOHTpoJIepa i pea-
mizoBaHa y BurisiAdi intepdeticy Ethernet abo inTep-
(heticy USB BiamoBimHoO.
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®YHKIIOHAJIBHO ITOBHUI HABIP CTPATEITA AJIAIITUBHOI'O
YIIPABJIIHHA B MOHOKAHAJIBHUX KOMII'IOTEPHUX MEPEXAX

A. II. BoiiTep

Incmumym s0eprux docnioncenv HAH Yrpainu, Kuig

3aBepmreHo posmodari B [1] mociimkeHHS 3 ana-
[ITUBHOTO YIPAaBIiHHS JOCTYIIOM [0 MOHOKaHATY.
3anpornoHOBaHO HOBI CTpaTerii 3MiHU JTOBXXHHU
naketiB (4 - 6 B Tabn. 1), mo poOmare QyHKIIOHA-
JBHO TIOBHUM HabOip kom6inawmint 7,q = {L,/,1} | ne
7 — JIOBXKMHA MEpIIOoro NaKeTa B IUKIII Mepeiadi; ¢ —
HacTynHux; L, [/, 1 — 30inbmieHa, 3MeHIeHa i gikco-
BaHa JIOBXKHHA TaKeTa BIAMOBIAHO TpHU mepenadi y
BUIBHOMY CTaHi MOHOKaHaJIy Ta y CTaHi JO3BOIIY
nepeaadi.

Tabauysa 1. CTparerii 3MiHN JOB:KHHU NMAKeTiB

Ne Binpunii cran Cran no3BOIY
cTparerii MOHOKaHAITy nepenadi

1 L 1

2 1 /

3 L /

4 1 L

5 [ 1

6 / L

AmHaniz eheKTUBHOCTI HOBHX CTpaTerii 3mdiiicHe-
HO MaTeMaTHYHUM MOJIENIOBAHHSM Ul THYYKOTO i
s)opcTroro mpotokonie MIAKH. Jlyns koxHOI cTpa-
Terii po3paxOBaHO KiNBKICHI MOKa3HUKH e(eKTHB-
HOCTI Yy BUIJISAI CePeIHBOI IIBUIKOCTI Mepezadi,
MIPOITYCKHOI 3IaTHOCTI MOHOKAHAJTy Ta MEXIi CTiiKO-
cti. EQexTuBHICTH cTpaTeriii s KOpCTKOTO Ta
THYYKOTO TPOTOKOJIIB HaBeIeHO B Ta0d. 2 Ta 3 Bim-
nosinHo, e AS € BiZHOIIEHHAM CcepeHbOT IIBHI-
KOCTI Tiepeiadi 0 cepeTHbO1 MIBUIKOCTI IPOTOKOITY
MJIKH 3 (¢ikcoBaHUM pO3MIpOM TAaKETiB MpH
G=0,5G,, AS .. — BigHOWEHHA NPOMYCKHOI
3IaTHOCTI JIaHOI cTpaterii 0 MPOIyCKHOI 31aTHOCTI
mporokorry MJIKH 3 ¢ikcoBaHuM po3mipoMm make-
TiB, a AG, — BigHOLIEHHS MEXi CTIMKOCTI JaHOI
cTparerii 1o Mexi criiikocTi mporokory MJIKH 3
(hikCOBaHUM PO3MIpPOM ITAKETIB,

Tabnuys 2. EdekTUBHICTD cTpaTeriii s :KopcTkoro nporokoay MJAKH

Ne 3mict cTparerii AS AS. AG, [apametpu
CTpaTeril r, q PO3paxyHKy

1 L1 1,85 1,5 0,15 a=0,01;L=10

2 L/ 7,0 1,4 8,0 a=0,01;/=0,1

3 L1 8,6 1,8 5,0 a=0,01;L=10;/=0,1

4 LL 5,2 1,18 0,15 a=0,0l;L=10

5 1 0.8 113 1,6 a=00L0=0,1

6 I,L 2,6 1.8 0,4 a=0,01L=51=0,

Tabnuya 3. E¢pexkTuBHicTH cTpaTerii 1iisi rHy4Ykoro mporoxoiay M/IKH

No 3micT cTparerii AS AS. AG, [apamerpu
cTparerii r, q PO3paXyHKY

1 L1 1,82 1,11 0,4 a=0,01;L=10

2 1,/ 1,0 1,0 1,0 a=0,01;1=0,

3 L, 24 1,05 0,5 a=0,01;L=10;/=0,

4 1,L 1,03 1,04 1,05 a=0,01;L=10

5 L1 0,5 0,89 3,0 a=0,01;/=0,1

6 I, L 0,5 0,94 2,5 a=0,01L=2;1=0,1

EdexTuBHicTh Ti€l 4 iHIIOI cTpaTerii MOXe BU-
3HAUaTUCh 3a OJHUM 3 TPHOX [apaMeTpiB
(AS,AS, . AG, ) a0 3a JeKiTbKOMa 3 HUX.

max

1. A.IL Boiirep, Hayk. Bicti HTYY “KIII” 6, (2007).
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KOMIIVIEKCHA CUCTEMA BUMIPIOBAHHS CTPYMY IIYUYKA HUKJIOTPOHA Y-240
0. M. KoBaanoB, A. Il. Boiitep, O. €. BaxibkoB, M. L. J/loponin, A.l. YcTunon

Tnemumym adeprux docnioowcens HAH Yipainu, Kuis

BumMiproBanHs CTpyMy Iydka HUKIOTpoHa Y-240
3MIACHIOETHCS CHOTOJHI 3aCTapiJiiM aHaJOTOBHUM
CIoco0OM 1 He MOJKe 3a0e3MedyBaTH HAJICKHY TOY-
HICTh Ta TOBHOTY, OCKUIBKM AHAJIOTOBI MpHUIaau
(GIKCYIOTh JMIIE IHTETpajbHUN TOKAa3HUK CTPYMY.
CyugacHi 1mudpoBi TeXHOJOTIi HAMAIOTh MOXKIIUBICTh
3MIACHIOBATH TakKi BUMIPIOBAHHS METOAAMU aMILTi-
TYyIHOT'O aHami3y 3HayHO TOYHille W BU3HAYaTH HeE
JIUIIe iHTerpaNbHe 3HAUEHHS CTPyMY, ajle W aMILIi-
TyaHI Ta eeKTUBHI HOT0 OKa3HUKH. 3 €0 METOIO
B paMKax MOZepHi3amii CHCTeM ynpaBliHHs LHUKIIOT-
pora Y-240 cTBOpeHO KOMIUIEKCHY HU(POBY CHUC-
TEMy BUMIPIOBaHHS CTPyMy ITydka (puc. 1).

TTyaox
Munitinp Papanes
R e.;: lzome 0B anmiA
z i CIITEOE a4

ITynet ympagninaa V-240

Mixporontponep [-8831

Mopgyni mux crcTem

; | ||1‘_

Puc. 1. CtpykTypHa cxema CUCTEMH.

AT
[-8017THW

Ethernet

l'onoBHUM enemMeHTOM Ili€l cucTeMu, sikui Oyne
CHUTBHUM 1 7S IHIIMX CHUCTEM YIIPaBIiHHSA, € IMPO-
mucioBuil kouTposep 1-8831 3 apxitekryporo PC Ta
MaricTpaibHO-MOJYJIBHOK CHCTEMOIO IiIKIFOUEHHS
(hyHKIIIOHATBPHUX MOJIYJiB. J[7s BUMIpIOBaHHS aMIl-
JITYAHUX MapaMeTpiB CTPyMy IIydKa BUKOPHCTOBY-
eTbcst Moayib [-8017HW, sikuii 31iHCHIOE aMILIITY-
OHO-IM(POBE MEPETBOPEHHS IMITYyJIBCHOI HANpyTH,
MIPONOPLIHHOI CTpyMy B IIYHTYIOUOMY pe3uctopi R
nuniaapa Papames. g mepemadi CTaTHCTHYHUX
JaHUX BHUMIPIOBaHHA [0 KOMIT'IOTEpa IyJbTa
yOpaBIliHHS LMKJIOTPOHY BHUKOPUCTAHO iHTErpoBa-
Huii B KoHTposep [-8831 mepekeBmit iHTEpdeiic
Ethernet.

Hns popMyBaHHS iMITyJIBCHOT Hampyru po3po0-
JIPHO CHELiaIbHUHM  130/IbOBAaHMN  IIiACHIIOBAY
(puc. 2). Hdo ckmamy micuiioBada BXOISTH OJIOK
BHCOKOBOJIbTHOTO 3axXHCTy BiI CTpUOKIB BHCOKOi
HaIpyrd, iHTerpaTop 3 nocTiitHow gacy 10 mc, 6ok
TIOTIEPETHBOTO TiACHIeHHs, PinbTp Uebumiera, 010K

LIOPIYHUK - 2012

OCHOBHOTO ITiJICHJICHHS, TEPMOKOIIEHCOBaHUH (Hop-
MyBau CEPeAHbOI TOYKH Ta KOMIIEHCATOP MOYATKO-
BOTO 3MIIIEHHS.

Tnarmyae CHOGE CTPYM
BHCOKO] HAMPYTH

Tonepensii | | $im .
<R BucokoeomeT- | | [HTerparop | |4 100EPEn L P || Thine e
= HMiT 3AXHCT T=10mc MOCHIEAY [ | Yebimesa HLITEO! ==
Izomsopamsi nepeTeopioeat | | TepMokoMneHcoEam Gopyyead | | Koumnencarop
12eHa+/-12E N CepenHEof ToukKH MO4ETKOBOTO
SMITEHEHA

Puc. 2. ®dyHknioHadpHa cXeMa IiCHITIOBAYA.

[TizcumioBay 31aTHUH TPOIMOPLIHHO MEPETBOPIO-
BaTH B HANpyry iMIyJbCHUH CTpyM Iy4Ka 3 Hapa-
MeTpaMHu, MPeACTaBICHUMH Ha puc. 3.

20 mc

Y
Y

14 MIx

L

Puc. 3. [lapametpu cTpymy nyuka.

1-2mc

-

KoedirtieHT BigHOIICHHS BHXIAHOI HANpYTH IO
3HAYCHHS BHUMIPIOBAHOTO CTpyMy jopiBHIOE 10.
30BHINTHIN BUTIIS MiICHIIIOBaYa 300paKeHO HA
puc. 4.

&
® Puc. 4. KoHCTpyKIIis micHIIOBaYa.
&
&

TexHiuHI MTapaMeTpH ITiICHITIOBAYA!

Jiarma3oH BUMIPIOBaHUX CTpyMiB myuka: Big +0,5
10+200 MKA;

BHXIJHA HaIIpyTa, MPOIOPIliiiHa BUMipIOBAHOMY
ctpymy: Big +0,05 10 +10 B;

MoXuOKa BUMIPIOBAaHHA B MeEXaX Jiana3oHy:
0,13 MKA;

gacToTa 3pizy dimeTpa Uebnmena: 0,5 ['m;

nocriiina interparopa: 10 MC;

HaIpyra >kuBieHHs: 24 B;

CITO’KMBaHa MOTykHicTh: 0,1 BT;

KOHCTpYKIisi: MOHTax Ha DIN peiiky.
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AHoTaUiT pobiT 3 aTOMHOT eHepreTUKU

THE FEEDBACK TO POWER EFFECT IN THE TRAVELING WAVE REACTOR

O. M. Khotyayintseva', V. M. Khotyayintsev’, V.M. Pavlovich'

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
? Taras Shevchenko National University, Kyiv

Travelling wave reactor (TWR) is a fast reactor
in which nuclear burning propagates as a wave.
Such a wave is a self-regulated one and is not driven
by any external source. TWR can operate for a long
time in a stable regime without any moving parts or
any other active external control. In this paper we
investigate the effect of temperature feedback to
power on the properties of a stationary wave using
one dimensional model of the infinite cylindrical
reactor with the U-Pu fuel cycle and with the ab-
sorber which does not burn out. The model includes
one group diffusion equation for neutron flux den-
sity and 10 kinetic equations for the number densi-
ties of heavy nuclides and fission products. The
problem is analyzed both analytically using the ear-
lier developed theory of the low velocity stationary
wave in TWR and numerically. In our previous pub-
lications [1] it was shown that it is possible to regu-
late the velocity of the stationary nuclear fission
wave and rector power within a wide range choosing
the appropriate absorber concentration. Main
mechanisms of velocity formation originate in the
kinetics of unstable nuclides, the intermediate nu-
clide **Np and its burn out in particular, and long-
living **'Pu. The effect of the latter is determining at
lower wave velocities.

In this work in addition to these kinetic mecha-
nisms considered earlier the instant feedback to
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p, the dimensionless absorber concentration

W, the dimensionless wave velocity

The feedback to power effect on the wave velocity
characteristic: / — f=0; 2 — f=-3,810" cm’-s;
3—-f=-7,610" cm*-s;4— £=0,8-10" cm*-s.
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power is taken into account in the simplest way by
introducing the quadratic in neutron flux density
term in the neutron diffusion equation

(VZ, =Z)p—> (VI, =Z,)d~ f¢’Z, .

Figure displays the changes in the velocity char-
acteristic depending on th e feedback coefficient f .

Dots indicate the results of direct numerical solution,
solid lines — to the obtained theoretical dependence

p=p,—bW—(p,—py)8/(W +5),

where  b=b,+by, y=APVf[cPV | at
5=3,341-10", b, =1,089, b, =-0,320 determined
by best fit and p,=0,083, p;=0,021 calculated
analytically. Deviation of analytical theory from the
numerical results is observed only for the positive
feedback and at very high velocities over
100 cm/year. The changes of the velocity character-
istic with f are caused by the changes of the angular
coefficient b. Thus, the feedback to power gives the
additional additive contribution to the angular coef-
ficient in linear proportion to the feedback coeffi-
cient. The contributions of kinetic and power feed-
back mechanisms are equal at /' =-2,6-10""cm” 5.

The feedback to power effect
on the minimal wave velocity

Feedback coefficient

f 10"%m?- s 0,8 0

-3,8

Minimal wave
velocity, cm/year 1.7 6,3 3,7 3

Negative feedback to power decreases the velocity
at given absorber concentration and narrows the range
of the absorber concentration at which the stationary
wave exists. The turning point of the velocity charac-
teristic corresponds to the minimal possible velocity
of the wave. The Table demonstrates that strengthen-
ing of negative feedback gives possibility to make the
minimal wave velocity lower. We conclude that both
kinetic and power feedback mechanisms should be
taken into account to determine the velocity of the
stationary wave in TWR.

1. V.M. Khotyayintsev, V.M. Pavlovych, and O.M. Kho-
tyayintseva, in PHYSOR 2010, CD.

IHCTUTYT AJEPHUX JOCJIIPKEHb HAH YKPAIHU




ATOMHA EHEPTETHKA

NPUMEHEHUE TAPAHTHUI, YYET U KOHTPOJIb, ®U3HYECKAS 3AIIUTA
P BBIBO3E BBICOKOOBOTI'AIIEHHOI'O OBJYYEHHOI'O AAEPHOI'O TOIIJIMBA
N3 UCCIIEJOBATEJBCKOI'O PEAKTOPA BBP-M
UHCTUTYTA SIJIEPHBIX UCCJEJIOBAHUI HAH YKPAWHBI

T.TI'. JlynanoBa, B. H. MakapoBckuii, B. . Ciancenko

Hucmumym adepuvix uccaredosanuii HAH Yxpaunvl, Kues

HccnenoBarensckuil spaepHulii peakrop BBP-M
WncturyTa saepusix uccnepnoBanuii HAH Ykpannst
(USN) panee paboTam Ha SOCPHOM TOIUTUBE C
36-%-ubIM oOoramenuemM mo -°U (TETUIOBBIAETISIO-
e coopku (TBC) tuma BBP-M2). Muauuupoan-
Hast MunuctepctBoM 3Hepretuku CIIA mporpamma
RERTR, npeaycmarpuBaroliasi nepeBoj] UccliieoBa-
TEIbCKUX PEAKTOpOB Ha SJEpHOE TOIIMBO MO
20-%-Horo oborameHus 1o 235U, MoAAcpXKaHa Apy-
TUMH sIepHBIME cTpaHamMu 1 MATATO. WS HAH
YKpauHbl TOJIOKUTEIBHO OTKIHMKHYJCS Ha TpPEesio-
xkeHne MunucrepctBa 3Hepretuku CIIA oTHOCH-
TEJIFHO BO3MOXKHOCTH TIEpeXojia peakTopa Ha HHU3KO-
o0oraiieHHOe TOIUIHNBO.

CrnienpanicrtaMu peaktopa ObUT MPOBECH aHAIN3
0e30macHOCTH peakTopa IMpH ucnojibp3oBaHnu TBC
tuma BBP-M2 (19,75 %): pacuer He#lTpoHHO-(pH3H-
YECKMX M TEIUIOTHAPABINYECKUX XapPaKTEPHCTUK
aKTUBHOM 30HBI peakTopa BBP-M, ananu3 aBapuii-
HBIX cuTyaruii. OHH OICHWIM paJHuallioOHHYIO 00-
CTaHOBKY W pacdeT 03 JUId HaceleHws, Oe3omac-
HocTh xpaneHuss TBC tuma BBP-M2 (19,75 %) B
XpaHWINIIAX CBEXKEro u oTpaboTaHHOro ToruMBa. Ha
OCHOBAaHMHU PACCMOTPEHHBIX JIOKYMEHTOB, a TaKKe
pE3yIBTATOB MPOBEAECHHBIX 3KCIIEPUMEHTOB IO TEpe-
X0y peakTopa Ha HH3KOOOOTAI[EeHHOE TOILIMBO
MIPUTIUTH K BBIBOAY, YTO JydIlle MCIIOIB30BaTh TPYyO-
yatele TBC tnna BBP-M2 ¢ oboramenuem 19,75 %
10 **U poccuifckoro mpou3Bo/CTBA.

B cBs13u ¢ MONHBIM TIepexoa0M peakTopa Ha HH3-
KooOoramieHHoe TormBo B ¢eppane 2012 1. ¢ uc-
cienoBaTenbekoro peakropa BBP-M Obuio BeiBe3e-
HO BBICOKOOOOTAIIeHHOE 00IyYeHHOE SIIepHOE TOI-
mBo (c oboramennem 36 %) B Poccmiickyto ®ene-
panuro Ha 3aBof «Mastk».

BriB03 oTpabdoranHoro smeproro Torumaa (OST)
3a MpeJeNbl YCTAaHOBKH OBLT OCYIIECTBICH W3 HOBO-
ro Oacceiina Beiaepxku (bB-2) ¢ momornipio crenu-
QJIBHOTO TIEPErPpy304HOro OJIOKa.

Monepam3arust  cucreMbl  obpamenust ¢ OST,
ocylecTBiIeHHass Ha peakrope BBP-M, npenycmar-
puBana nepememenne OST wu3 cymecTByromero
BB-1 B momonaurensHbll Oacceiin bB-2. O6a co-
OpYKeHHSI PAcCHoarafoTcs BHYTPU OOIEro 3maHUs

IITOPIYHUK - 2012

peaktopa. bB-2 npennaznauen mia xpanenus OAT u
€ro Neperpy3Kky Mpy BBIBO3E 32 NPEAEIBI pEaKkTopa.

Hnsa seiBoza OST peakropa BBP-M wmcmons3o-
BaJl HOBYIO TEXHOJIOTHIO, CYIIECTBEHHO YIIPO-
IIAIOIIYI0 TEXHUYECKYI0O MPOLEAypy INepenadd OT-
pabotarabix TBC u cokpamaronryro Bpems Mpou3-
BOJICTBA padoT.

TexHomoruss OCHOBaHa Ha NPHUMEHEHUU TpaHC-
moptHoro koHrteiHepa (TRANSPORT CASK)
VPVR/M SKODA, orinyaromerocss OOJbIION I10-
JIE3HOW BMECTHMOCTBIO M CHOCOOOM 3arpy3KH TOII-
JUBa. DTO MO3BOJIMIIO YCOBEPIIEHCTBOBATE 3arpy3Ky
TBC u mocnenyionryio TpaHCIOPTUPOBKY KOHTEH-
HEPOB.

Otpaborannsie TBC B KOMIAakTHOH yNakoBKe
momaroTcss B TexHosnormdeckne kaHambel (TK) gepes
HWKHHMHA Topell. KoHTelHep ycTaHaB/IMBaeTCs B THE3-
JI0 TIOTPY304YHOTO JIIOKa B 3alIUTHOHN Kpbiike bB-2.
C MoMoIIIbIO OIMYCKHOTO YCTPOMCTBA, MOBEIIEHHOTO
Ha TpaBepce, KOp3uHa JH(TOBBIM COCOOOM OIMyCKa-
eTcs Ha IMOJCTaBKy IITPOOBI, KOTOopas (UKCHpyeT
KOpP3HHY B CTPOTO BEPTHKAIHLHOM ITOJIOKESHUH.

[Tepenaua orpabotanasix TBC u3 cekmuit xpa-
HEHHUs B KOP3MHY OCYILECTBIISETCS Yepe3 OKHO B
OTCEYHOH Tieperopojke. B Ommkallmnii OTKPBITHIHA
JIIOK 3aBOAAMTCS pabOYMii WHCTPYMEHT M CPENCTBa
BHU3YaJIbHOTO HAOJIOICHUS.

[To 3aBepiueHNH 3amoOMHEHUsT KOP3UHBI chopMu-
pOBaHHAsl YMaKOBKa ITOJHUMAETCS U BTATHBACTCSA B
TK, rme npousBogutcst ee xecTkas dukcarus. [la-
Jiee BBIIONHAIOTCS (PMHUIIHBIE OMEPALH 110 MOATO0-
TOBKE KOHTEHHEpa K TPAaHCIIOPTHUPOBKE.

Jlns hu3udeckoi 3amuThl SICPHBIX MaTEPHAIOB
B 31aHnu BB-2 Obutn ycTaHOBIIEHBI KaMephbl HaOIto-
JISHsI, TATYUKY JABYDKEHUS U pyTas anmnaparypa.

B nemsax nmpumenenus rapantuit MAI'ATO npen-
craButeneM AreHTcTBa npH 3arpy3ke TBC B koH-
TEeHHEpBl OCYIIECTBISUICA YETKUH y4eT M KOHTPOJb
SJIEPHBIX MaTepualoB. beia obecniedeHa TpaHCop-
TUPOBKA SICPHBIX MaTEepPHalOB COTJIACHO TpeboBa-
HUSIM COOTBETCTBYIOLIUX MEXIYHApPOIHBIX MpPaBUI
JUTSL CTIOCOOOB TPaHCIIOPTUPOBAHUS OIACHBIX TPY-
30B.

87



AHOTALII POBIT

NONEQUILIBRIUM THERMODYNAMICS AND DISTRIBUTIONS TIME
TO ACHIEVE A GIVEN LEVEL OF A STOCHASTIC PROCESS FOR ENERGY OF SYSTEM

V. V. Ryazanov

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

To describe the nonequilibrium states of a sys-
tem, we introduce a new thermodynamic parameter
— the lifetime of a system. The statistical distribu-
tions which can be obtained out of the mesoscopic
description characterizing the behavior of a system
by specifying the stochastic processes are written
down. The change in the lifetime values by interac-
tion with environment is expressed in terms of
fluxes and sources. The expressions for the nonequi-
librium entropy, temperature, and entropy produc-
tion are obtained, which at small values of fluxes
coincide with those derived within the frame of ex-
tended irreversible thermodynamics. The explicit
expressions for the lifetime of a system and its ther-
modynamic conjugate are obtained. We have
expression for nonequilibrium entropy S

Slkg = Sp/ks + x/(1 + x)-In(1 + x);
Splkg=B< E > + InZp;
x = (| pa,(§ G)dF k)" =Ty,
14
where o, = T,/pAT°, § is the heat flux; A is the heat
conductivity coefficient; 7 is the average absolute
temperature; 7, is the time of the flux correlation;

p=M/V being the mass density; E is the energy; R is
the linear size of the system

dS ={ksf I [0(pa,)/0 ul(q )7 IpV2(1 +x)*} dE-

- poyGdrdg /(1 +x) - 2 ksdRIR(1 + ).
14
For entropy production we have

os= G VO - kex®(dg/dt)/gV(1 + x)* + ks(dR/dr) x
x [3uPp + x*(1 + x) Y VRA kg x*(d G Id)g V" x
X (1+x)°+ § = ATV + (dRIAONT ks[3uPp +
+x° V(1 +x)°)/GR.
The inverse nonequilibrium temperature
0" =0 SIOE|,x = ks[B + X/E(1 + x)*] =
=T + o /ull + g(por, Viks) "1

coincides with the value 1/6 of the extended ther-
modynamics at small ¢ (when (1 + x)?~1). The
value entropy production G take on the form

os= G V8- pgo(dg/dn/(1 +x)° +
+ (dRIdDP[BuT ' + gPo,(1 +x)VR,

(dg/diyt(1+x)*+ § =AT*VO'+
+ (dRIdOBuNTP/ G + G T, (1 +x)*)/R

and coincide with the corresponding expressions of
extended irreversible thermodynamics and Maxwell -
Cattaneo equation at dR/dt = 0 and small g. The same
can be derived by the Maxwell-Cattaneo equation

G=AVT-1,04/ot.

In [1] we used an exponential distribution of life-
time. In [2] we use a more accurate expression for
the distribution of lifetime. Received expressions
generalize expressions for the nonequilibrium
entropy, entropy production, inverse nonequilibrium
temperature, Maxwell - Cattaneo equation, received
in [1]. Expressions have the following structure: the
terms of [1] and supplements, depending on the
value of @

0

Z(y) = [ e pp(u,t)du =

__r(0

= F1+vy/a,2+y/a,m),
a(1+y/a)2 1 ( Y Y )

o=p(0)r/B, B =1/ksT,

where Z(B) = Jo(E = x)exp{-Bx}dx is the Gibbs
partition function, ,F(.,.,.,.) is ordinary hyper-
geometric function, 3 and y are Lagrange multipliers
satisfying the equations for the averages

<E>=-0InZ/0B|;; <I'>=-0InZ/0y|p;
po(0) "

” er(_O) e IR(W - R(1)

pr(u,t)=

pr(oatol) =a =Ci /F;>
pr(0)=B(1—e"")/r; r=R(1,)-R(0),
oo NEY)-(E7)(E) )
R()=PB(1,) () £y +B(1)In Z, (t,) —B(t,)-

We use the Zubarev - Peletminsky rule

dt /A
i=1..,.M; C =) C,F(t,),
J

JU

M
= G WP =YC,P
j=1

where C; are c-numbers; P; are described physical
quantities; F; are conjugate  thermodynamic
parameters.

1. V.V.Ryazanov, J.of Thermodynamics, (2011);
doi:10.1155/2011/203203 (2011).
2. V.V.Ryazanov, J.of Thermodynamics, (2012);

doi:10.1155/2012/318032 (2012).
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SUPERSTATISTICS AND LIFETIME

V. V. Ryazanov

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

To describe the nonequilibrium states of a system
we introduce a new thermodynamic parameter — the
lifetime of a system. The statistical distributions
which can be obtained out of the mesoscopic
description characterizing the behaviour of a system
by specifying the stochastic processes are written.
Superstatistics, introduced as fluctuating quantities
of intensive thermodynamical parameters, are ob-
tained from statistical distribution with lifetime
(random time to system degeneracy) as thermody-
namical parameter (and also generalization of
superstatistics). Necessary for this realization condi-
tion with expression for average lifetime of equilib-
rium statistical system obtained from stochastical
storage model is consist. The obtained distribution
passes in Gibbs or in superstatistics distribution
depending on a measure of dissipativity in the sys-
tem. The superstayistics or the generalization of
Boltzmann factor exp{-foE} was introduced in the
following form:

©

BE)=] dBfiB)exp{-B'E}.
0
We used the density of probability in the
extended phase space

PG E T) =exp{-BE - A}/Z(B, ),

where Z(B, ¥) = lexp{-BE - yI'}dz = [J[dEdTw x
x (E, Dexp{-BE - yI'} is the partition function,
and y are Lagrange multipliers satisfying the equa-
tions for the averages

<E> =-01InZ/0 B|,; <I'> =-0InZl0yls.

For the structural factor o(E,I") we shall write
down

o(E,IN)= co(E)col(E,F) = co(E)iPkfk (F,E) .

In last equality it is supposed, that there exists n
classes of ergodic states in a system; P, is the prob-
ability of that the system will be in k-th a class of
ergodic states, f,(I',E) is density of distribution of
lifetime I in this class of ergodic states (generally f;
depends from E).

For exponential distribution of lifetime f'the fluk-
tuating value of temperature, we get:

P(E) = exp{-o(1 - r) E}(E)Z"

H[OPIUHUK - 2012

SBorrexp{-BorEyd(Borr) =

X
!
=fofulZ = PgP(ZsZ\/Z); Z = /foAdEi
Z,=[fdE; Zg =[dE; Pg=fslZs Pi=filZs

J3=exp{-Bo(l - ro)E}o(E),

Ja= I SBorrv)exp{-BoiriE}d(Boirt),

0

where f; and P, corresponds to the type-A supersta-
tistics. For distribution function f as gamma-
distribution we have

P(E)y=exp{-Bo(1 - ro)EYa(E)Z'(1 + bE) “=
= exp{-Po(1 - ro)El}/@w_g)E)Z '[1+ (g - DBoroET

c=1(g-1)

The Gibbs distribution does not describe the dis-
sipative processes that develop in the system. Super-
statistics describe systems by constanly putting en-
ergy into the system which is dissipated. The value
o = y/A is connected with dissipative processes in
the system (through y). She defines a correlation
between Gibbs and superstatistics multipliers. It is
shown, that the behaviour of the obtained distribu-
tion interpolates between behaviour of Gibbs and
Tsallis distributions. Application of this distribution
to the phenomenon of the self-organized criticality
(and other examples) shows his efficiency. The ob-
tained distribution contains the new parameter re-
lated to a thermodynamic state of the system, and
also with distribution of a lifetime of a metastable
states and interaction of this states with an environ-
ment. Changing this parameter it is possible to pass
to both Gibbs and Tsallis distributions. The relation
v = o is of interest also. The value y thermodyna-
mical conjugated to random lifetime is expressed
through entropy production and currents, i.e.
through communication of system with an environ-
ment.

bc = Bol”o.

1. V.V.Ryazanov, Am. J. Math. and Stat. 2(3), 49
(2012).
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TIME TO REACH A GIVEN LEVEL OF NUMBER OF NEUTRONS
IS STOCHASTIC ANALOG OF REACTOR PERIOD

V. V. Ryazanov

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

In [1] the random variable characterizing the
evolution of neutron time intervals, the time to reach
the level of the number of neutrons in the reactor.
Time to reach the level of neutron number is a
random time to obtain the random process of the
total number of neutrons in the reactor of a given
level. In [1] is show that this value can be regarded
as a stochastic analogue of the reactor period. In this
paper we investigate the wvalue fundamentally
different from the reactor period - the time to reach
the level of the number of neutrons in the reactor. It
is defined from other assumptions in comparison
with the period and has a physical meaning,
corresponding to its name. The relations obtained for
the statistical quantities - time to reach the level of
the number of neutrons in the reactor, and
distribution of this quantity are important, reflecting
the behavior of real-life physical quantities finite
time to achieve a given level of the number of
neutrons in the reactor. The characteristics and
behavior of this quantity will be useful in various
problems of physics, the theory and methods of
calculation of nuclear power reactors.

In [1] the distribution of time to achieve the level
of the number of neutrons in the reactor, from which
you can record not only the average level of
achievement, but also all moments of this value, and
such probabilistic characteristics as the probability
that the time to reach the level of the number of
neutrons in certain prescribed limits are calculate.
The advantage of this approach is that at the points
of a dangerous change in reactivity, which can lead
to emergency situations, the moments (e.g. mean
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Fig. 1.

There are many examples of various features of
the behavior of the average time to achieve the level.
The goal is to systematize such examples, to identify
patterns in them. It should also investigate in detail
the ways to incorporate these temporal behavior of
the time required to reach the level, analyzing their
advantages and disadvantages.

and variance) of the random variable time to achieve
the level of the number of neutrons in the reactor
have singularities. They may, for example, take the
complex or negative values. Estimate of the average
time required to reach the level of the number of
neutrons in the reactor and of the variance of this
quantity may serve as one of the practical
applications of the proposed description of the
various options by changes in reactivity over time.
These changes are assumed to be given. Features of
the behavior of the moments of time required to
reach level will indicate the instability of the neutron
system. Thus, taking into account the different
effects that contribute to the reactivity, it is possible
to choose a safe change. Mathematical expressions
for the mean time to achieve the level of neutron
number is simpler and clearer relations connecting
the period of reactor with reactivity. These
expressions are easily calculated. The algorithm is as
follows: given change in reactivity over time.
According to the obtained relations and graphs are
determined the moments in which the change in
reactivity can lead to the values of the average time
required to reach the level of neutron number
corresponding to the low periods of the reactor.

For the mean time to achieve, calculated in
accordance with the expressions of [1], the
numerical calculation gives the following feature at
a value of reactivity is equal to £, reactivity jump on
the prompt neutrons (Fig. 1). We also give an
example of behaviors of dispersion of time to
achieve the level for the case of a jump to the
prompt neutrons (Fig. 2).

380 '
DGk 200 — =
pssExdn?, g
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Fig. 2.

1. V.V.Ryazanov, Atomic energy 110, 307 (2011).

2. V.V.Ryazanov, in 4-th Int. Conf. “Current Problems
in Nuclear Physics and Atomic Energy”, Ukraine,
Kyiv, Sept. 3 - 7, 2012: Book of abstracts (Kyiv,
2012), p. 128.

3. B.B. Ps3anos, [Ipobmemu Oe3nekn aTOMHUX €IIEKT-
pocranmiii i Yoprobuis 19, 11 (2012).
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NEUTRON SPECTRA AND FLUXES IN HORIZONTAL CHANNELS
OF RESEARCH REACTOR WWR-M WHILE CONVERSION ON LOW-ENRICHED FUEL
V. F. Razbudey
Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

A calculational investigation of density and spec-
tral structure of neutron radiation in horizontal ex-
perimental channels of the research reactor was car-
ried out in connection with conversion of the reactor
on low-enriched fuel according to international obli-
gations of Ukraine. Calculations were performed
using the Monte Carlo method. All design features
of the

40 -20 0 20

40 om
A

B

reactor (filling the core, the design and materials of
fuel assemblies, biological shielding, Beryllium
reflector, horizontal and vertical experimental chan-
nels, the pool, thermal column and so on) were taken
into account.

Calculations were made for three core composi-
tions (Figs. 1 and 2).

40 -20 0 20

40 em
C

Fig. 1. Compositions of the core (computer model): A — before converting the reactor on low-enriched fuel, initial en-
richment is 36 %, burn-up 39.7 %; B — the core after conversion on low-enriched fuel, initial enrichment 19.7 %, burn-
up 0 %; C — after replacing all beryllium displacers with fuel assemblies, initial enrichment 19.7 %, burn-up 50 %; 7 - 9
— horizontal channels HEC-1 - HEC-9; 10 — horizontal channel in thermal column; // — vertical channels; /2 — fuel
assemblies; /3 — beryllium displacers; /4 — beryllium reflector; /5 — graphite of thermal column; /6 — water in the

. . . . = M it -'_ g .
reactor pool; /7 — vertical irradiation channels. “® — control rods; % — all-stop channels; # _ cells for vertical chan-
nels inside the core.
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Fig. 2. Neutron flux densities and their constituents at the outlets of horizontal channels
for the core compositions A, B and C: @ — thermal flux density, O — epy-thermal, B — fast.

It was shown that conversion of low-enriched re-
actor fuel substantially changed as spectra and flux-
es at the outputs of the horizontal channels. These
changes are caused not so much with the transition
to a different fuel as with the need to start a com-
pany with "fresh", i.e. unburned, fuel rods and with
consequent need to fill the core with fuel assemblies
only by 28 % to compensate the excess reactivity.
Partially these changes are also associated with the

H[OPIUHUK - 2012

removal of two large water cavities out of the core.
During the subsequent operation of the reactor, as
fuel will be burned out, beryllium displacers in the
core will be replaced by fuel assemblies. After full
filling the core parameters of neutron beams will be
close to those which were before conversion to a
new fuel. The remaining differences are mainly due
to the absence of water cavities in the core.
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CEYEHUE B3AMMOJENCTBUSI HEUTPOHOB C BEILIECTBOM
IIPA BBICOKOM IJIOTHOCTH B3AMMOJIEHCTBUM

10.T. Hlenxun, B. U. Caucenko, E. A. IlaBaenko, T. A. KocTiok

Hucmumym soepnuix uccneoosanuti HAH Yxpaunwt, Kues

[Ipu uccnenoBaHuu B3aUMOICHCTBUS HEHTPOHOB
C BEIIECTBOM OOBIYHO MPEATIOIATraeTCs, YTO BEpOsT-
HOCTh B3aUMOJICHCTBHUSA HE 3aBUCUT OT IIJIOTHOCTH
B3aumoericteuii (I1B). Takoe momyrieHue cripaBe-
JINBO, €CIIM KaXKJbIi aKT B3aWMOJEUCTBUS paccMar-
pYBaeTCs HE3aBUCHUMO OT JPYTHX, T.€. PE3yJbTaT
B3aMMOJICUCTBUSL HEUTPOHA C BEILIECTBOM HE 3aBH-
CUT OT IPEIbIAYIINX aKTOB U HE BIHUAET HA MOCHe-
Oytouie. YcloBUs, NPeabsBIsSEMbIE K HCCIEI0Ba-
HUSIM, TOYHOCTb WX MpoBeAeHud U 3HaueHue [IB,
IIPY KOTOPBIX OHU MIPOBOJISATCS, HE TPEOYIOT MPHUBIIE-
YEHUSI K PaCCMOTPEHUIO 3aBUCUMOCTH BEPOATHOCTH
B3aumoeiicteus ot [1B. Ognako mo mepe yBennde-
Hug [IB 1 TOYHOCTH M3MEpEeHU Takoe JOMyLIEHHE
OKa)ETCSl HEBEPHBIM, €CIH B pe3yJibTaTe B3aUMO-
JEHCTBUST HEUTPOHOB C BEIIESCTBOM 00pa3yroTCs
COCTOSIHHS ¢ OOJIBIIMMH 3HAUYCHUSMH TAKHX apame-
TPOB KaK HEUTPOHHOE CEUCHHUE G, BEIXO \J U BpeMs
xu3nu T. B pabotax [1, 2] oOHapyXeHO, YTO OTHO-
CUTENbHOE H3MEHEHHE CEYEHUS] MpU IUIOTHOCTH
noroka~1,3-10"-cm™c”’ mms obpasma >°U cocras-
JmeT~2,6-10'4. BrisiBUTE CTONIR Majloe H3MEHEHHE
TPaAULIMOHHBIMU METOAAMH HW3MEPEHUS CEUCHHI
HEBO3MOXHO. [Ipu nccaenoBaHuN TaKUX MaJbIX -
(heKTOB OCTAaHOBKA IKCIIEPUMEHTA JIOJDKHA CBOIUTH
K MUHUMYMY H3MEHEHHE YCJIOBUU M3MEpeHuH (cra-
OWJIBHOCTH aImmapaTypbl, HEHTPOHHOTO WCTOYHHUKA,
(hoHa, CUETHOM 3arpy3Kd ICTEKTOpa M PETUCTPH-
pyromieil cuctembl u T.1.). Mccnemyemblit adexr
JKEJaTeNbHO BBISBISITH IIYTEM OTHOCUTENBHBIX H
CPaBHUTEIBHBIX U3MEPECHUIA U CBEJICHUH K MUHUMY-
My KOJHMYECTBa M3MEpsIeMBIX mapameTpoB. s pe-
LICHUS 337a41 aBTOPbI MPEAJIOKUIN METOJI, B KOTO-
POM CpaBHUBAIOTCSI UHTEHCUBHOCTH N, U N, mo-
TOKOB HEWUTPOHOB, MPOIICAIINX HYepe3 JIBa HCCIe-
IyeMbIx oOpasia | u 2 pa3TuYHBIX BEIIECTB, OJTHO-
BPEMEHHO HaxonAIIUXCs Ha mydke. M3mepenus N,
U N, OTIMYAIOTCA OYEPETHOCTHIO MPOXOXKICHHS

HEHTpoHOB uepe3 oOpasusl. [Ipu orcyTcTBHM 3aBU-
cumocTu cedenus ot [IB B ycmoBusx "xopormieit”
reomeTpun N;, 1 Ny JOIKHBI coBragaTh. B pabote
[3] moka3zaHO, 4TO B Clydae 3aBUCHUMOCTU CCUCHMS
ot 1B Benmumnaa acummetpun mporryckanus (All),
ompenensiemMast Kak

q=(Ni2-N21)/0,5(N;2+ Nyy), 1)

CBsizaHa ¢ mapaMmeTpamu o', y U T creayromum
o0pazoM:

q=-a o'y fi (TT,)[l -exp(-ny- 62)]  (2)

(B PE/NOIOKEHUH HATMYUSI BTOPUYHBIX d(PPEKTOB
TOJIbKO B 00pa3siie 1), rae o — [1B B obpasue 1; f; —
¢byHkums, 3aBucsimas or T u Bpemenu T, 9Kcro-
3UIMH 00PA3IOB Ha MyYKe B KAXAOU rmo3unuu 1 u 2;
n, U G, — TOJNIINHA U ceueHne obpa3mna 2; a addek-
THBHOE HEUTPOHHOE CEYEHHE Gogq. BHIPAKAETCS KAK

Gsp=0 - q/n; [1 - exp(-nz - 67)]. 3)

Taxum oOpa3oM, ecnu crpaBeliuBa I'MIIOTE3a O
Koppemsiuuu cedenusi ¢ [IB BcaenctBue oOpazosa-
HUSI COCTOSIHUM € OOJBIIMMH 3HAYCHHUAMH PacCcMo-
TPEHHBIX MapaMeTPOB, 3TO MPUBEAECT K MU3MEHEHUIO
HEHUTpOHHOTO ceueHus U nosiBieHuto All. M3mepss
q, HAXOUTCA U3MEHEHUE CEUEHUSI.

1. IO.TI. lllenkun, B.U. Cnucenko, E.A. IlaBiaenko Ta
T.A. Kocriok, Snepna ¢disuka ta enepreruka 13, 28
(2012).

2. Yu.G. Shchepkin, E.A. Pavlenko, in Proc. of the IV
Int. Seminar on Interaction of Neutron with Nuclei
(Dubna, 1996), p. 251.

3. IOI. lenkun, B.M. Coucenko, E.A. IlaBieHko Ta
T.A. Koctiok, SnepHa ¢disuka ta eHepreruka 13, 22
(2012).
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IKCIHHEPUMEHTAJIBHOE HUCCJIIEAOBAHUE 3ABUCUMOCTHU
HEATPOHHOI'O CEYEHHA OT INIOTHOCTHU B3AMMOJIENCTBUI

10.T. Hlenxun, B. U. Caucenko, E. A. IlaBaenko, T. A. KocTiok

Hucmumym soepnuix uccneoosanuti HAH Yxpaunwt, Kues

B paborax [1, 2] mpoBeneHO WHCCIEIOBaHUS
B3aUMOJICHCTBHSI HEUTPOHOB C BEIIECTBOM C LIEJIBIO
MOMCKa 3aBUCUMOCTH CEUYEHMS OT IUIOTHOCTH B3au-
monedicteuil (I[1B). Takas 3aBHCHMOCTB, KakK IOKa-
3aHO B OATHUX paboTax, MOXET HaOMIOMaThCS TP
oonpmmx [1B 1 oOpa3oBaHuu cOCTOSIHUHN (B pe3yiib-
TaTre B3aUMOJICHCTBUS HEUTPOHOB C BEIICCTBOM) C
aHOMaJbHO OOJBIIMMHU TapaMeTpaMH — CEYCHUEM,
BpEMEHEM JKHU3HU U BBIXOJOM. BenepcTBre ManocTu
addexra ObL1 pazpabotad [1, 2] MeTo A BBISBIIC-
Hus cBsizu ceueHusd c [1B, ocHoBaHHBIN Ha cpaBHe-
HUW W3MEPEHUU NPONYyCKaHUW HEUTPOHOB 4epes
nmapy o0pasloB pa3IMYHBIX BEIIECTB, OJHOBPEMEH-
HO TIOMEIIAeMbIX Ha MyYOK, NMPU H3MEHEHUH oOue-
PETHOCTH MTPOXOXKACHUS HEUTPOHOB Uepe3 00pasIlbl.
IIpyn Hanuuuu 3aBucuMocTH cedeHus ot IIB mpo-
MyCKaHWUs pa3nuyaroTcsl (ACHMMETPHSI MPOITy CKaHUS
(AII)). Jlns mapsr o6pasuos > U,Cd Gbita o6Hapy-
skeHa All, ogHako HOCTOBEpHOCTH pesyibTata [1]
Mmana (ommbka~40 %) B cuily IpUYUH, PACCMOTPEH-
HBIX B pabote [2]. [losTomy B pabote [3] uccneno-
BaHUS TIPOJOJDKEHBI Ha YCOBEPIICHCTBOBAHHOMN
METOJIMKE, 0oJiee ONMTUMAIbHBIX yCIOBHSX, PacIlu-
peHuem HabOopa map o00pa3loB (C IENBIO OLECHKU
no00YHBIX 3()(EKTOB U YCTAHOBJICHUS NPHPOIBI
cBsa3u ceuenus c¢ [IB), ¢ Bapuamnmeit 3nayenns 11B.
Usmepsemas Benuunna All onpenensercs kak

q=(Nj2-N51)/0,5(N;»+Ny)),

rae Ny, 1 Ny | — MHTEHCUBHOCTH IPOLIEAIINX YEPe3
o0pa3npl HeWTpoHOB. M3MepeHHoe 3HaYeHne q ISt
mapet  °U,Cd  okasamoch paBHbIM (2,541 +
+0,294)-10* npu moroke~1,3-10°cm™-c”', 40 cooT-
BETCTBYET OTHOCUTEIILHOMY M3MEHECHUIO Y(PEKTUB-
HOro ceuenus U, paBHOMY~2,6-10™*. IIpu ymeHs-
IIEHHH TO0TOKa B~2,1 pa3a 3HaueHHe ( TaKxKe
YMEHBIUIWIOCH, YTO COTJIACYETCS C 0KHAAeMbIM IIO-
BegerneM ( [1, 2]. OcrabieHue moTOKa OCYyIIecTB-
JISI0CHh ¢ TIOMOIIBIO ocadsromux obpasmos. O-
HAaKO CTEICHb YMEHBINCHUS ( OKa3ajiach CHIbHEE,
4eM OXKuganock — oT 1,2 mo 3,5 pas, 4To CBSI3aHO C

H[OPIUHUK - 2012

MajJod CTaTHCTUKOH U, BO3MOXHO, H3MEHEHUEM
CIIeKTpa HEHTPOHOB OCIAOJIAIONTUMH  00pa3IaMH.
bemo ycranosneno, uto All oOycnosiiena neneHu-
eM. M3MepeHns ¢ pa3NUYHBIMU MapaMu oOpas3loB
nokazanu Hanuuue All Tonbko B mapax, coaepka-
mwx °U. B wactrocTH, s mapsl U,Cd, B KOTOpoii
macca U paBHsu1ach macce U mnape #5U,Cd, 3Ha-
genme q cocrauno — (-(0,465 +0,429) 10™), T.e.
ATl oTcyTcTBYeT; JUIsl OCTaJbHBIX Map C MCIOJIb30-
BanueM Cd, Pb, U, Tm B pa3nuyHbIX KOMOMHALIUAX
Al Taxke OTCYTCTBYET W 3HAUSHHs  JEXKaT B Ipe-
nenax (-0,681 = 0,358)-10™.

N3mepenus yaanock mpoBecTH Onarogaps BbICO-
KOl CTaOMJIBHOCTH, YTO IOCTUTHYTO 3a CUET HC-
MOJTE30BaHMS PEaKTOpa KaK MCTOYHWKAa HEWTPOHOB,
(U3NUECKUX IMapaMeTPOB CHCTEMBl PETUCTPAIUU
(4T —MHOTOCEKIIMOHHBIH JETEKTOp), MaJoro BpeMe-
HU DKCITO3UINH TIapbl 00pa3IoB HA My4YKe B KauI0i
mo3uimn 1,2 u 2,1.

Pe3ynmbraTel m3MEpeHMH aHAIM3UPOBATUCEH [3]
UCXOISl M3 TPEAIONOXKEeHUsT 00 o0pa3oBaHUM BTO-
PUYHBIX COCTOSHHIA ¢ aHOMaJIbHBIMU MapaMeTpaMHu.
B kauecTBe TaKOBBIX PacCMOTPEHBI OCKOJIKH Ielie-
HUs, BO30YKICHHUE OCKOJKaMH (POHOHOB, MarHUT-
HbIe MOMEHTHI (BO3HMKAIONIHE MPH HOHH3AIHH > U
OCKOIIKaMH), SICPHBIE COCTOSIHMS > U BCIIENCTBUE
KYJIOHOBCKOT'O BO30YXAeHHs ocKoikamu. W3 mepe-
YHUCIEHHOTO TOJIEKO MOCIEAHSS PUIHHA OOBSICHSIET
M3MEepeHHoe 3HadeHue (. Henmp3s MCKIoYHTh mpo-
SIBJIEHUE JTaJIbHOJEHCTBUI, OJHAKO COOTBETCTBYIO-
LIMX OIICHOK B pabOTe HE MPOBOANIOCH.

1. Yu.G. Shchepkin and E.A. Pavlenko, in Proc. of the
1V Int. Seminar on Interaction of Neutron with Nuclei
(Dubna, 1996), p. 251.

2. IO.I'. enkun, B.M. Cmucenko, E.A. IlaBiaeHko Ta
T.A. Koctiok, Snepra ¢disuka ta eHepreruka 13, 22
(2012).

3. IOI. lenkun, B.M. Caucenko, E.A. IlaBneHko ta
T.A. Koctiok, Snepna ¢isuka ta enepreruka 13, 28
(2012).
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AHOTALII POBIT

BU3HAYEHHS [MOBHUX HEMTPOHHUX MEPEPI3IB CR-52 3 BUKOPUCTAHHSAM
METOJY 3CYBY CEPEJHbOI EHEPIIi HEUTPOHIB ®LJIbTPOBAHOI'O IIYYKA

0. O. I'punaii’, A. K. I'pumaio’,

B. B. Koaotniil,

B. A Hme}mqﬂm“lz, B.II. ].HaXOBl, B. M. Beneauxros'

1 . . .
Inemumym s0eprux docnioncens HAH Yrpainu, Kuig
2 o . . .o .
Jeporcasnuii Hayko6o-indiceHepHuil yeHmp cucmem KOHMpoao ma agapitinozo peazysanns, Kuis

VY Bignini HEUTPOHHOI (I3UKH TPOIOBKYETHCS
po3poOKa Ta BIOCKOHAJIEHHS EKCIIEPUMEHTANbHOI
METOAUKU AJIsl OTpUMaHHSA HaOOpy MOBHUX HEHT-
POHHHX IIepepi3iB, AKI B MOAAIBIIOMY IIAHYETHCS
BUKOPHUCTOBYBATH JUIsI OLIHKH MapaMeTpiB 130J1b0-
BAaHMX PE30OHAHCIB y JOCHIKyBaHOMY CHEPreTHY-
HOMY JTiaIia3oHi.

Jns orpuMaHHS Ha0Opy IMOBHHX HEUTPOHHHX
nepepiziB Oyll0o BUKOPHCTaHO METOJ 3MIHU Cepea-
HBOI eHeprii QinmbTpoBaHMX HEWUTpoOHiB. Jlanuit me-
Tox 0a3yeThCS Ha BUKOPUCTAHHI 3AJICKHOCTI eHeprii
PO3CISIHUX HEUTPOHIB BiJ KyTa PO3CISIHHSL.

3 BUKOPUCTAHHSIM JaHOT METOOUKH OyJIO0 MpoBe-
JIEHO TIepIIi eKCIepUMEHTaNbHI BUMIPIOBaHHA. Y
pe3yabTaTi TPOBEIECHWX BUMIPIOBaHb OTPHUMAHO
HAbIp OBHUX HEHTPOHHMX mepepisiB ~>Cr 1uIs eHep-
rift "HeTpoHiB Bix 58,6 mo 48,4 keB. Excriepumen-
TaJbHI JOCHIKEHHS OYyJIO MPOBECHO Ha 8-My €KC-
MEPUMEHTAILHOMY TOPH30HTAJIBHOMY KaHali peak-
topa BBP-M Ha ycTaHOBIII KyTOBUX po3moaiiiB [1]
(YKP-3) 3 BHKOpHUCTaHHSM METOAY IPOITYCKAaHHS.
s peectpaliii HEHTPOHIB OYJI0 BUKOPUCTAHO JIiYUH-
JBHUK TPOTOHIB Bimmawi LND-281 (H + CH* + N,
THCcK raszy 3240 top).

s hopMyBaHHS KBa3iIMOHOCHEPI€TUYHOT HEUT-
poHHOI NiHil 3 cepeAHbOIO eHepriero 59 keB Oyino
BUKOPHCTAHO KOMIO3MIIMHAN GiIbTp 3 TaKUM
cknagom: S - 116,53 r/em’,  **Ni—81,42 r/en’,
V —24.44 r/ev’, Al - 5,4 t/em’, "B - 0,5 r/em’.

B sKocTi 3pa3kiB-po3citoBadiB BUKOPHUCTOBYBA-
JIMCh BYIJIEUb Ta MOJIIETUIIEH, 110 Jajlo 3MOTY OTpH-
MaTH TpU KyTax poscisHHs 15, 20 Ta 25° HeHTpoHHI
JiHIT 3 cepeaniMu eHeprisimu 58,6, 58,3, 58 keB 1 55,

52, ta 48,4 xeB BignosigHo. ToBiIMHA 3pa3KiB-
poscitoBauie C ta CH, cranoButs 10,02 +0,01 Ta
4,52 £ 0,01 mm BigmoBigHO. ToBIMHA AOCHTIIKYyBa-
Horo 3paska ~>Cr 0,0173 + 0,0002 sixep/6.

[MponoBxyeTsest poboTa 3 aHami3y BIUIMBY pi3-
HUX (aKTOPIB HA EKCIEPUMEHTAIBHUIA Pe3yJbTar.
I{s poO0OTa BUKOHYETHCS 3a JOIMOMOTOK PO3PaxyH-
KOBOTO MOJICIIOBAHHS €KCIIEPUMEHTY 3 ypaxyBaH-
HSIM yCiX eKcrmepuMeHTalbHuX netanedd. Lli pospa-
XYHKH TIPOBOJASATHCS 3@ JOMOMOTOK MPOTPAMHOIO
koxy MCNP 4C.

40 45 50 55 60 65
90 - L=l : !

BROND-2.2 Jg
CENDL-3.1
ENDF/B-VII]
JEFF3.1 ]
JENDL4.0

{ = Carltc:n 2000
80- - Agrawal 1984

- < Spencer 1972
70- + Newson 1961

N @

BiagHOCHa IHTEHCHBHICTL

60

50 4

of
CnexkTp npu 20
40 s

CnexkTp npu 15°

30 4

20 4

10

MoBeHMit HEHTPOHHMIA Nepepis, GapH

- — ;
40 45 50 55 60 65
EHepria HeldTpoHie, keB

[ToBHI HEUTPOHHI Mepepi3n 3 0i0TI0TEK OMIHCHUX
snepaux panux (BOSJI), excnepuMeHTaNbHI JaHi 3
EXFOR/CSISRS Ta Hami nomepenHi eKcliepuMEH-
TaJbHI pe3yJIbTATH HABEJICHO HA PUCYHKY.

1. 0.0. Gritzay, A.K. Grymalo, [V.V. Kolotyi| et al., in
Proc. of the 3rd Int. Conf. “Current Problems in Nu-
clear Physics and Atomic Energy” (Kyiv, Ukraine,

June 7 - 12, 2010), p. 483.
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OTPUMAHHSI HABOPY IMEPEPI3IB BYIJIEIIIO B OBJIACTI EHEPTII 90 - 160 keB,
I3 BAKOPUCTAHHSAM MOJIU®IKOBAHUX ITYYKIB HEVTPOHIB

0. O. I'punaii, C.II. BoinkoBeubkuii, B. A. JliomMan

Tncmumym soepuux docnioxcenv HAH Yxpainu, Kuis

Bizomo, 1o Byriens MHMpOKO BUKOPHCTOBYETHCS
HE JIUIIE K PeaKTOPHUM KOHCTPYKIIIMHIA MaTepial,
a W 3aCTOCOBYETHCSI B SIKOCTI MaTepiary-CTaHIapTy
Opy  JOCHIPKEHHSX PO3CiIoBaHHS, OCOOIMBO MpHU
eHepriax, Hmkunx 2 MeB.

AKXTyaJIbHICTh BUMIPIOBaHb Oy V JIAHIN €HEpreTH-
4Hill 00s1acTi 3yMOBJIeHa ABOMa (pakTopamu: pe3yiib-
TaTaMd BUMIPIOBaHb YCEPEIHEHOTO TOBHOTO HEUT-
POHHOTO TIepepi3y [1], IO CHITBHO BiIpi3HIIOTHCS Bif
JAaHUX y 0i0ioTeKkax OIMIHCHUX SACPHHUX JAHWX, Ta

HasBHICTIO TEOPETHYHOI poOOTH [2], sika mependavae
MO>KJITUBICTh ICHYBaHHSI TaKO1 BIIMiHHOCTI.

st OibIN IETATHPHOTO BUBYCHHS BHKOPHCTAHO
METOAMKY (QITbTPOBaHUX MYUKiB HEUTPOHIB, IPOTE 3
NIeTKAMHU BAOCKOHATIEHHSAMH. 71 po3mipeHHs Ha-
00py OTpUMaHUX 3HA4YEHb OyJI0 BUKOPUCTAHO MTYyYKU
HEUTPOHIB 3 JIEKITbKOMa KBa3iMOHOCHEPTETHUYHUMHU
ninissMu B oOnacti eneprii 90 - 160 keB. [lanwmii
miaxig OyJo peayi3oBaHO 3 BHKOPHCTAHHSM (PilbT-
piB, HABEJIECHUX Y TAOJUIIL.

Cxkiaan MmoaudikoBanux GiIsTpyrunx 36ipox

KommonenTu, r/em’

Haszga dinerpy

IOB

llB

Si

Ti

\Y%

EONT
N1

Base

0,2

0,035

213,47

11,49

Mod. V

0,2

0,035

184,07

7,66

24,44

Mod. Ni

0,2

0,035

184,07

7,66

Mod. Fe

0,2

0,035

184,07

Mod. Al

0,2

0,035

213,47

VY BuMiproBaHHsX OyJI0O BUKOpHCTaHO Halip 3pa-
3KiB Byriemw: st (impTpoBaHMX myukiB Mod.
Fe-54, Mod. Al BukopucTano 9 3pa3kiB TOBIIHMHOIO
0,00884 - 0,18281 snep/6; mis Base, Mod. V,
Mod. Ni-58 — 6 3paskie TtoBmmHOKO 0,00890 -
0,04665 sinep/6.

VY 3B’s3Ky 3 BIAMIHHOCTSIMH MiX KJIACHYHOIO Me-
TOIUKOI (PiMbTPOBAaHMX MYYKiB i MOAM]IKOBAHOIO
OyJ0 CyTTEBO MOJIEPHI30BAHO AITOPUTM OOPOOKH
eKCIIEPUMEHTAIbHUX CIEKTpiB. AJTroput™M OYyB J0-
MMOBHEHUI MPOLelypaMH BiTHOBJIEHHS CIIEKTpa Heil-
TPOHIB 1 PO3/IUICHHSIM EHEPreTHYHO OMU3bKHUX JIHIN
i3 METOI0 OTpPUMaHHA MapaMmeTpiB JiHii. OcTaHHI
BUKOPUCTOBYBAJIMCh JUIsSi BU3HAYCHHS MPOITYCKAHHS
Ta BU3HAYEHHS YCEPEIHEHOTO 3HAYCHHS Mepepisy.

Pesynpratn BUMipioBaHb 13 BUKOPUCTAHHIM MO-
nru(hiKOBaHUX ITyYKiB HEHTPOHIB IPEICTABICHO Ha

PHUCYHKY.

H[OPIUHUK - 2012

a4’

0,0

4,0

Gtot Cl‘lat

o D

* Base

Mod.V ¢ Mod. Fe
Mod.Ni v Mod.Al

100

:
190

E, xeB

160

ExcriepuMeHTaNIbHI YCEPEAHEHI Gy BYTIICITIO

Ta nani 3 6i6morexkun ENDF/B-VII.O

1. O. Gritzay, V. Kolotyi, N. Klimova et al., in Proc.
12th Int. Symp. on Reactor Dosimetry, Gatlinburg,
TN, US4, 2005, JAI 3 8 (2006).

2. L.Canton, K. Amos, S.Karataglidis et al., Nucl.

Phys. A 790, 251 (2007).
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AHoOTaUiT pobiT 3 paaiauUiVHOT Pi3UKKU Ta paaiauiMHOro maTepianosHaecTea

GOLD NANOSHELL EFFECT ON LIGHT-HARVESTING IN LH2 COMPLEXES
FROM PHOTOSYNTHETIC BACTERIA

I. Yu. Goliney, V. 1. Sugakov, G. V. Vertsimakha

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

The paper presents results of the theoretical study
of the way a small gold nanoshell affects the effi-
ciency of the photosynthesis in the peripheral light-
harvesting complex (LH2) from photosynthetic bac-
teria. Light-harvesting is the initial stage of the pho-
tosynthesis, during which the energy of light is ab-
sorbed by pigments of ingeniously arranged molecu-
lar complexes before being further transferred to the
reaction centers, where it is converted into stable
charge separation states.

As a continuation of previous paper [1] we pre-
sent a theoretical study of the effect of a gold
nanoparticle with a dielectric inclusion inside
(nanoshell) on the B850 band of the peripheral light
harvesting complexes (LH2) from photosynthetic
bacteria. Mixing of an exciton states with the surface
plasmon states may increase the optical absorption
of the hybrid system due to the “borrowing” from
the very high dipole plasmon transition intensity by
the intensity of the exciton transition. The enhance-
ment of the absorption rate due to the hybridization
of the molecular excitations with the surface plas-

a

mons competes with the enhancement of the exciton
damping induced by a metal particle. The nanoshell
size dependence of the plasmon state damping was
taken into account. This non-radiative damping aris-
es as the result of interaction between plasmon mod-
es and other states of the electronic spectrum of the
metal. It is known that when the size of the nanos-
tructure becomes comparable with the mean free
path of the conduction electrons, the damping begin
to deviate from the bulk value because the scattering
of carriers on metallic surfaces becomes important.

The effectiveness of the light-harvesting by the
ring is determined by the rate of the excitation trans-
fer to the reaction center. The parameters of the gold
nanoshell required to increase the effectiveness of
the light harvesting have been estimated on the base
of the kinetics of the exciton transfer to the molecu-
lar entities further in the photosynthetic antenna
(Figure). As seen in Figure, the gain may be either
positive or negative depending on the parameters
and the position of the nanoshell.

R., nm

Schematic structure of the system composed of metallic nanoshell and B850 ring (a). Enhancement of the rate of the
excitation transfer to other pigment-protein complexes in the phatosynthetic antenna vs the radius of the nanoshell core
(D). The radius of the particle R = 30 nm, the distance from the surface of the nanoparticle from the plane of the ring

L=15nm, T, =10"s (solid curve) and t, =10™" s (dashed curve).

In spite of the fact, that the gold nanoparticle has
the surface plasmon frequency closer to the absorp-
tion frequency of the B850 band of the LH2 com-

ping in the gold. The advantage of the gold as the
material for the coating of the nanoshell is, however
less strict requirements to the thickness of the outer

plex, than the silver surface plasmon frequency, metallic layer of the nanoshell.
effects of the enhancement are similar for both mate-
rials. This is connected with stronger value of dam- 1. L.Yu. Goliney, V.I. Sugakov, L. Valkunas, and G.V.

Vertsimakha, Chemical Physics 404, 116 (2012).
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PAJIALIMHA ®I3UKA TA PAJIIALIMHE MATEPIAJIO3HABCTBO

SILICON DIODES FOR DIAGNOSTICS OF SYNCHROTRON RADIIATION
I. E. Anokhin, O. S. Zinets

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

Many synchrotron radiation sources are used
both for physical investigations and medical applica-
tion [ESRF, DESY, Stanford, BNL etc.]. For the
diagnostic and dosimetry of radiation from these
sources the silicon diodes are widely used [1]. Be-
cause of very high intensity and pulsed nature of
synchrotron radiation the nonlinear effects in re-
combination-generation kinetics must be taken into
account in the response of silicon diodes under irra-
diation. Dependences of the charge carrier lifetime
and the ambipolar diffusion coefficient on the excess
carrier density generated by the synchrotron radia-
tion have been considered. Response of silicon di-
odes on photons from synchrotron sources with en-
ergy 20 - 100 keV has been calculated using the
Shockley - Reed and Auger recombination statistics.
Diffusion equation with time-dependent generation
functions has been solved numerically for various
intensity of the photon beam and parameters of di-
odes (diodes design and characteristics of impurity
centers). Optimal choice of parameters of diodes for
the short-cut current and the photovoltaic operation
mode are discussed.

The excess carrier density distribution as a func-
tion of the time ¢ and the coordinate x is determined
by the following equation
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where G(z,x) is the generation rate of excess carri-
is the Shockley - Reed and U, is the
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Auger recombination terms, D =

and p=p,+Ap are densities of electrons and
holes, n, and p, are equilibrium densities of elec-
trons and holes, Anand Ap are excess concentra-

tions of the electrons and holes respectively.
The generation rate of the electron-hole pairs in

E
the diode bulk is G, =—F()p,e, where E,
8Si
is the photon energy, F(t) is the photon flux den-
sity, p,, is the energy absorption coefficient.

For the calculations we have used the phenome-
nological expression for the Auger recombination

rate U, =C,p’, where C, is the Auger coefficient
for n-Si [2].
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The equation (1) is nonlinear and can be solved
only numerically. For calculations the next initial
and boundary conditions are used:

8p(x,0) = 0:ap(0.0) = 0: 2D} _g ()
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These conditions are valid in the case of long di-
ode L, <<L,,, where L, is the diffusion length

iode >
and Ldiode

boundary conditions became more complicated and
require detailed data on diode geometry and material
properties.

The Figure shows the results of calculations of
the excess carrier density distribution for n-Si diode
(p=100Q - cm, ng=4.5-10" cm?, diode thickness
Lgioge= 100 pm, pe= 1400 cm?/V s, To=1 us,
L,~ 35 pm). For calculations the next beam parame-
ters have been used: E,=38keV, Tt,e=10ns,

Tpuse= 100 1s, p,, (38keV)=0,52cm™.
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is the diode thickness. In the other case
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The excess carrier density distribution for n-Si diode
for different beam fluxes.

Calculations show that nonlinear effects are es-
sential at calculations of responses of silicon diodes
under the high dose rate X-ray irradiation. Nonlin-
earity has to be taken into account when X-ray in-
tensities exceed 10" photons/(cm” - s. In this case
the concentration of excess carriers became larger
than equilibrium carrier concentration. Detail results
of the calculations are presented in [3].

1. T. Kron, A. Rosenfeld et al., Phys. Med. Biol. 43,
3235 (1998).

2. Mark J. Kerra and Andres Cuevas, J. Appl. Phys. 91,
No. 4, 2473 (2002).

3. LE. Anokhin, O.S. Zinets, A.B. Rosenfeld ef al., in
IEEE Nuclear Science Symposium - Medical Imaging
Conference 2012. Conference Records. NS37-007.

97



AHOTALIIl POBIT

HNIACWIEHHA HEIIPYKHOI'O PO3CISIHHA EJIEKTPOHIB
OPI'AHIYHOIO MOJIEKYJIOIO IIOBJIM3Y ITPOBIJHOI HAHOYACTHUHKUA

I. Toaineii, €. OHuKicHKO

Incmumym si0eprux docnioncenv HAH Yrpainu, Kuig

B ocraHHI mecATHIITTS Hodana IIBHIKO PO3BU-
BaTHCA Tany3b (I3UKH MiJ HAa3BOKW ‘‘TUIa3MOHIKa”,
sIKa pO3IIIAJae KOJIEKTUBHI KOJIMBAHHS €JIEKTPOHIB Yy
MPOBITHUX HAaHOYACTHUHKAaX. llepeBakHa OiNbINICTH
poOIT Ha aHy TEMY CTOCYEThCS B3aEMOZII €JICKTPO-
MarHiTHOTO BUIPOMIHIOBAaHHS BHAWMOTO CIEKTpa 3
iasMoHHuME Mojamu [1 - 3]. Ilpore B ocraHHI
POKH 3’SBISIOTBCS CTaTTi, B SKHUX TOCIHIKYIOTHCS
BJIACTHUBOCTI TJIA3MOHIB 32 JOTIOMOTOI0 METOY CIie-
KTPOCKOIIii €HEepreTUYHHUX BTPAT €NEKTPOHIB [4 - 6].

YV npaniii pob6otri moOymoBaHa KBaHTOBO-MeXa-
HiYHA TEOpisl PO3CIsTHHS €JIEKTPOHIB Ha CHCTEMI, IO
CKJIaJa€ThCsl 3 TPOBITHOI CPiOHOT HAHOYACTUHKH Ta
OpraHiuHoi MOJIEKYJIH.

Jisi 3HaxOJDKEHHS CIIEKTpa PpO3CISIHHS —eJIeK-
TPOHIB Ha TaKiii KOMIO3UTHIK cucTemi OyB 3Haiize-
HUM CHIEKTp KOMIIO3UTHOI CHCTEMH, CTAHH SIKOTO
MAarOTh 3MIMIAHUN XapakTep MiX IJIa3MOHOM Ta 30y-
JOKEHHSIM MoJieKynu. [yisi BU3HAUeHHS iHTEHCHB-
HOCTI B3a€MOJii MK KOMIIO3UTHOIO CHCTEMOIO Ta
HIBUJKUM €JIEKTPOHOM OyJI0 IPOBEICHE BTOPUHHE
KBaHTYBaHHs CTaHiB CHCTEMH aHAJOTIYHO poOOTaM
[7 - 8]. B3aemognist Mk eneKkTpoHaMH NpOBiAHOI Ha-
HOYACTUHKHM Ta OPraHiyHOIO MOJIEKYJIOI MOZEIO-
Bajlacsl B TUIIOJNILHOMY HabmmxeHHi. IlepetnH pos-
CISIHHS €JIEKTPOHIB HAa KOMIIO3UTHIM cHcTeMi po3pa-
XOBYBaBcs 3a (hopMyiiamMu Teopii po3cisHHSI B 0o-
PIBCBKOMY HAOJIMKEHHI.

Po3paxyHok mpoBoauBcsi Uit cpiOHOI KyJNbKH,
110 NPU3BOAWIIO 10 BUHUKHEHHS IJIa3MOHHOT MOIH
3 eneprieio E; = 3,505 eB. Paxiyc xyneku 3miHFO-
BaBCsA Bif 5 10 15 HM, TUNOJIBHUA MOMEHT MOJICKY-
i — Big 5 no 10 JI0, BigcTans BiJl KYJIbKH IO MOJIE-
kynu — Bif 0,5 10 4 HM, €Hepris KOJMBaHb MOJIEKY-
mu — Bix 3,4 mo 3,6 eB. Enepris enexTpoHiB obmpa-
nack 10* eB. Byno no6yaoBaHO CHEKTpH eHepreTH-
YHHUX BTPAT €JIEKTPOHIB 3aJIEXKHO BiJ| pajiyca KyJb-
KM, B3a€MHOIO IIOJOXKEHHS KyJBKH 1 MOJIEKYJIH,
94acTOTH 30yKCHHSI MOJIEKYJIU, & TAKOXK ii AHMITOIb-
HOT'O MOMEHTY.

IToka3zano, 10 BHACIIAOK B3a€MOJI] IJIA3MOHHHUX
MOJI 3 MOJICKYJIOIO HMOBIPHICTh 30YJIKCHHS MOJIe-
KyJId IIBUAKAMH €JEKTPOHAMH 3POCTAa€ 3aBAAKH
BEJIIMKOMY [WIOJIBHOMY MOMEHTY HaHOYACTHUHKH.
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ITincunenns 30y KEHHS Mae pe30HAHCHUI XapakTep
1 3aJICKUTh Bijl B3aEMHOT BiJIaji MK MOJICKYJIOH 1
HAaHOYACTHHKOIO. BHHUMKae 3Mora crocrepiratd B
SNEeKTPOHHUI  MIKPOCKOI ~ MOJISKYJIH-IUIONI 32
YMOB, KOJIM TP BiJICYTHOCTI HAHOYACTHHOK iX He
BUAHO. 30KpeMa, Ha PUCYHKY IIOKa3aHO CIIEKTp eHe-
PreTHYHHUX BTPAT €JIEKTPOHIB 3alle)KHO BiJ BiAcTaHi
MDXK KYJIBKOIO 1 MOJIEKYJIOH0. 31 3pOCTaHHSM BiJCTaHi
HMOBIpHICTB 30y IXKEHHS] MOJIEKYJT 3MEHIIYEThHCS.
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CrHeKTp eHepreTMYHHX BTpaT EJIEKTPOHIB 3aJEXKHO BiX
BIJICTaHI Bil KYJbKH JO JUIOJIA. JIMIMOJEHUA MOMEHT
d = (0, 0, 10) JI6. [lunonap mMae Opi€HTAIliI0 BiIHOCHO

Kynbku: @ = w/6, @ = 1/4. EHeprisi KOJMBaHb JTUIOJS

ho = 3,46 ¢B.
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STRAIN INDUSED ANIZOTROPIC EFFECT ON ELECTRON MOBILITY
IN C¢ BASED ORGANIC FIELD EFFECT TRANSISTORS
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Rizwan Ahmed®, Clemens Simbrunner®, Helmut Sitter’, Malin Premaratne’, V. Ramgopal Rao’
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Mechanical flexibility is one of the key advan-
tages of organic semiconducting films. We have
fabricated C,, top gate organic field effect transis-

tors (OFET) on flexible substrate with high perform-
ance. The OFET devices are characterized by curl-
ing the substrates concavely and convexly, to apply
varying values of compressive and tensile strain,
respectively. Electron mobility is found to increases
with compressive strain and decrease with tensile.
Further, strain effect is found to be strongly anisot-
ropic with respect the direction of flow of current.
Organic semiconductor films are often polycrystal-
line in nature and transport is explained by hopping
of charge carriers concentration n between local-
ized states with radius b of concentration N varied
in energy state Gaussian distribution of width ¢ and
position. Mobility change with respect to compres-
sive and tensile strain can generally be due to change
in intermolecular distances affecting the overlap
between neighboring sites or/and due to the change
of the energy distribution of localized sites in the
film. In non-polar material like C,, the observed

strong anisotropy of strain effect implied that the
change in the charge mobility is mostly dominated
by the intermolecular coupling factor.

In order to gain the better insight into the origin
of observed strain effect on the electron mobility, we
fitted our experimental data by the Fishchuk analytic
Extended Gaussian Disordered (EGD) model for
OFET mobility [1, 2]. Fishchuk EGD model has
been recently used to explain temperature activated-
and electric field dependence OFET mobility in Cy,

[IOPIUHUK - 2012

films [1, 2]. All material parameters used were the
same as for C,, OFED studied before [1, 2] and

only the hopping distance between neighboring sites,
a , was varied to get the best fit with the experimen-
tal data. For films in flat condition we used
a, =1.4nm (see. Ref. [2, 3] for details). Mobility in
electric field F calculated according to Ref. [2] as
function of intermolecular distance a is presented in
Figure and demonstrate an excellent agreement with
the experimental data on the strain dependence of
mobility in Cy, films.
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at different strains in C,, films.
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E®EKTH CAMOOPTAHIBALII PAMIAIIIMHAX JAE®EKTIB ¥ KPEMHII,
ONNPOMIHEHOMY HEWUTPOHAMH

A. A. I'po3a, B.l. Bapnuina, II. I'. JIlutoBuenko, JI. C. MapueHko,
JI. O. MatBeeBa*, Il. JI. Hemo6a*, M. b. IlinkoBcbka, M. L. Ctapuuk, I'. I'. llImaTko
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3 MeTOI0 BUBUCHHS e)eKTy caMOopraHizailii Biia-
CHUX palialiiHuX JedeKTiB y KpeMHii, onmpoMiHe-
HOMY IIBHIKAMH HEUTPOHAMH, PO3TIIIHYTO (Bi3udHi
nporecH, siki BiOYBalOThCS TPH ONMPOMIHEHHI Ta
BiJllIaJTi, 3aCTOCOBYIOYH METOJ MOJYJISAIIHHOI CIIeK-
TpOcKomii enekTpoBinOuBanHs cBiTia (EB).

JocnipkeHo KpeMHii p-THITy MPOBIAHOCTI, BHU-
pouenuii 3a meromoMm Yoxpanbcbkoro (Si-Cz) 3
KOHIICHTPAIII€I0 KUCHIO < 8107 em > , OTIPOMiHEHUH
LUIBUJKUMHM HEHTpoHaMH peakTopa (hIroeHcamu
10"+ 10" meitrpon/cm®. I30TepMiunmii Binan mpo-
Bogwn nipu 800° C Bopogosx 170 roa. Lle npuo-
JWJIO 0 TIOBHOTO BHUXOAY PO3YMHEHOI'O KHCHIO Y
(asy.

Metonom iH(pauepBOHOI CHEKTPOCKOMIi B OMpPO-
MiHEHOMY HEHTpOHaMM KpeMHii HaMH BCTAHOBJICHO
ICHyBaHHS JTBOX THIIB 00JacTel pPO3yMOpsAKyBaH-
HS: BaKaHCIMHOro (CKyIYEeHHS OUBAKaHCIH) 1 MiX-
BY3JIOBHHHOTO. BiTHOCHA JI0JIs1 OCTaHHIX 3pocTae 3i
30UTBIIIEHHAM (hITIOCHCA.

3MiHa (OpPMH CIHEKTPIB €NEeKTPOBIAOUBAHHS B
CHEKTpalibHIi 007acTi MPAMOro Kparo MOTIHHAHHS
kpemniro 3,0 + 3,8 eB 3ymoBneHa 3MiHOIO €IEKTPO-
HHUX BJIACTHMBOCTEH KPEMHII0 3a yMOB Biamany Ta
OTIPOMiHEHHS (PHCYHOK).

VY cnexTpi KpeMHil0, ONPOMIHEHOTO HEHTPOHAMHU
Hait6inpmmm dmroercom (10 cv?) i Heimaneno-
MY, BUSIBIICHO JIBA MAaKCHMYMH CHUTHAIy €JIEKTPOBi-
MOWBaHHS B CHEKTPAIbHIA OOJIACTI MPSIMOTO €JIEeKT-
porroro nepexony Eg mpu 3,325 Ta 3,404 eB (mus.
puc. 1, 6, xpuBa /), siKi 3CyHEHI B MPOTHIICKHI OOKH
no BigHomeHHO 10 Eg (3,348 eB) y BuximHomy
KpeMHil (Hanmpy»XeHOCTi CTHCKY Ta PO3TSITHEHHS).
Maxkcumymu Eg B crekTpax BiImajJeHHX 3pa3KiB,
HEONPOMIHEHOTO0 U ONPOMIHEHOTO, 3CYBAIUCH Y
BHUCOKOCHEPreTHYHUH OiK, 110 3YMOBJEHO Hampy-
JKEHHSMHA B MATPHIIl KPEMHIIO, SKi CTBOPIOBAIH
npenutmitata SiOy.

@akT NOSBH PO3MICIUICHHS] CUTHAJY EJICKTPOBIil-
ouBanus (AEg = 80 mMeB) mpsmoro eaeKTpOHHOTO
nepexoay Eg He TUIbKHM MigTBEpIXKYe ICHYBaHHS B
OIPOMIHEHOMY KpEMHii ABOX THUMIB oOnacTei pos-
YIOPSIAKYBaHHS, ajle i HAaO4YHO 1LMIOCTpye edekT ca-
MOOpTaHi3aIlii BIaCHUX pamiallifiHuX IeQeKTIiB, SKUN
B HAIUX JOCII/DKCHHSX KPEMHII0, OIPOMIHEHOTO
BUCOKOCHEPIeTHYHUMH JIETKUMH 10HaMH, MPOSIBIISBCS
y BUIJISAI HaIpaTKA "CTIHOK Ae(eKTiB”, po3TamoBa-
HUX TIEPIIEHIUKYJISIPHO HATPSIMKY OITPOMiHEHHS.
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CrekTpu eJeKTPOBIIOMBAHHS KPEMHIIO TICIsS XiMI4HOTO
BUJAJICHHS TOBEPXHEBUX INApiB: d - KPEMHIH HEOMpoMmi-
HEHHH; 6 - onpoMiHeHut @ = 10" HGﬁTpOH/CMz; KpuBi 1,
2 - KpeMHIH HeBiANIAIICHNH 1 BiANalIeHUH BIIMOBIAHO.

OnHOYacHO BHUSBIICHO, IO B CIIEKTPi €IEKTPOBI-
JOMBaHHS 3pa3Ka KPEMHI0, ONPOMIHEHOTO BEJIUKUM
dmoencom (10" cM?) Ta y chexTpax Bimmanenux
3pas3KiB 3’SABISUTUCH BHCOKOCHEPTETHYHI OCIHIAIIII,
SIKi 3a3BHYAM CIIOCTEpIiraroThcs B edekti Ppanma -
Kenauima npu HasBHOCTI BOYZOBAHOTO €JIEKTPUYHO-
TO TOJIA 1 CBiAYATh PO ICHYBAaHHS B HUX JIOKAJTbHHUX
CJICKTPUYHUX TIOJIB.

L1i edexTrt 3HAXOATH MOSICHEHHSI B MEXKaX CHHE-
PreTHYHOTO MiIXOAY 1 € BayKJIMBUMH NPH MO0y I0Bi
CyYacHOI Teopii B3aEMOii BHCOKOCHEPTETHYHOI
paniallii 3 pe4OBHHOIO.

IHCTUTYT AJAEPHUX JOCJIKEHb HAH YKPAIHU
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O®OPMYBAHHAA BHOPHI['KOBAHOi JE®EKTHOI CTPYKTYPU
B MOHOKPUCTA/IIYHOMY KPEMHII, OTIPOMIHEHOMY BUCOKOEHEPI'ETUYHUMU
HPOTOHAMM 1 ¢-HACTUHKAMMUAN

B. 1. Bapuina, A. A.I'po3a, IL I'. JIutoBuenko, JI. C. MapueHko,
M. L. Crapuuk, I'. I'. lImaTko, A. €. Bop3akoBcbkuii, B. I. Ky

Incmumym s0epnux docniooceny HAH Yipainu, Kuig

Metonamu [Y-mornuHaHHS, PEeHTI€HIBCHKOI TO-
norpagii Ta BHOIPKOBOIO TpaBICHHS IOCIIIXKECHO
KpEeMHil, ONpPOMIHEHHH MpOTOHAMH (IFOCHCAMH
1-10" 3,5-10" rIpOTOH/CM2 3 eHeprie;o E,=
=6,8 MeB Ta o-yactuHKamMu 3 eHeprielo E,=
=272 MeB ¢uroercamu 5,5-10' a 10" a/em’.

Hocnimxennas [Y-cnekrpiB nornuaanHs (puc. 1)
BUSBWJIN HEMOHOTOHHY 3&JIC)KHICTh PO3YHOPSI-
KyBaHHS KpHCTamiB Bix (mroeHCy ompoMiHEeHHS
nporonamu. Tak npu 1,9-10" mporon+/cm® cnocte-
piranace mosiBa OTHO()OHOHHOTO TOTJIMHAHS TPH
477 em”' (momepeunwmii onTHuHui (OHOH), 3260po-
HEHOTO B MOHOKPHUCTaJaX KPEMHII0 yMOBaMHU CHMe-
Tpii. Y crekTpi KpeMHilo, OPOMIHEHOI'0 IPOTOHAMHU
3-10'7 cM?, He cmocTepiranocs Hi 0AHO(GOHOHHOTO
[IOTJINHAHA, Hi MOTJIMHAHHS JIOKaJIbHUMH KOJHMBaH-
Hsmu Si-H 3B’s3kiB.
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Puc. 1. ludepentiianbHi CrieKTpH MOTIIMHAHHS KPEMHIIO,
onpominenoro nmporonamu: Si-2 — ® = 1,9 - 10" cm%;

Si-3-d=3-10" em™.

YCTaHOBJIEHO YTBOpPEHHS HAaIPYXeHb TPaTKH,
OB’ sI3aHMUX 3 AeeKTaMH y BUIIISIAL JiHIN, mapaie-
JBHUX JIHII [poeKHiHOro mpobiry YacTHHOK
(=360 mxm) y xkpemHii (puc. 2 Ta 3).

Y KpeMHif0, OIIPOMIHEHOTO MPOTOHAMH (IIFOCH-
com 3,5-10" mpoTon/cM®, PO3MOBCIOKYBAHHS Jie-
(bekTiB y BUTIISI JIiHIT AOCATANIO BiICTaHI MOABIIHO-
ro mpoekmiiHoro mpobiry. Ilpm ompominenHi
0-YaCTUHKaMH CTiHKH Je(]eKTiB, KITBbKICTh SKHX
3ayiekana BiJl IHTGHCUBHOCTI OINPOMIHEHHS, YiTKO
BHSBIISUIACH JIO JIiHII KiHIM TPOEKIIHHOrO mpooiry
YaCTHHOK.

HIOPIYHUK - 2012

Puc. 2. Kaprtuna BHOIpKOBOrO TpaBJieHHS NOBEPXHIi
KPEMHIIO,  ONpPOMIHEHOTO  IPOTOHaMH  (IIIOEHCOM
®=35-10" cm™.

Puc. 3. KapTtuna TpaBiieHHsI IOBEpXHI KPEMHIIO, OMPOMi-
HEHOTO o-yacTHHKaMH (moencoM @ = 5.5 - 10'% cm™.

VYBakaeTbcs, 10 3MiHA CTPYKTYPU Ta ONTHUYHHUX
BJIACTUBOCTEH OMPOMIHEHOTO KPEMHIIO TIOB’s3aHa 3
pamiaiifHO-CTUMYJTLOBAaHUMH TIPOIIECAMH  CaMOOp-
rafizauii 7e)eKTHOI CTPYKTYpH NPH BEIUKHUX (IIIO-
eHCcax OMPOMIHCHHS.
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CREATION, MOVEMENT AND AMPLIFICATION
OF THE EXCITON CONDENSED PHASE PULSES
IN INHOMOGENEOUS FIELDS IN SEMICONDUCTOR QUANTUM WELLS

O. I. Dmytruk', V. I. Sugakov’

! Taras Shevchenko National University, Kyiv
? Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

In this paper we studied movement and
amplification of the exciton pulse created by a laser
pulse in a double quantum well in an
inhomogeneous potential. In the presence of an ex-
ternal electrical field perpendicular to the quantum
well plane, an electron and a hole of an indirect exci-
ton are separated in the space into different quantum
wells that inhibits their mutual recombination.
Therefore, the excitons have a long lifetime and can
be shifted in an inhomogeneous field at large
distances. These states are called indirect excitons,
and their properties are expected to be used in
electronic systems in which control of the process is
implemented not with electrical field, but by laser
[1]. In this work we studied firstly one-dimensional
motion of indirect excitons in the potential that
linearly depends on the coordinates for two cases:
excitons are found in a gas phase or excitons are
found in a condensed phase.

a)

b)

The density of the exciton condensed phase was
studied in Landau model generalized on the system
of unstable particles taking into account the finite
value of the exciton lifetime. It was shown that in
the condensed phase the maximum value of exciton
density remains constant during the exciton lifetime,
while width of the pulse decreases [2]. But in the
case of the gas phase the maximum value of the
pulse fades. The path, traversed by the maximum of
the exciton condensed phase pulse, might be in-
creased by imposing an additional laser pulse on the
system (Figure). These results were confirmed for
excitons of the real system in which one dimensional
exciton movement may be realised [3]. In this
system the double quantum wells in a semiconductor
placed between two metal electrodes with a slot in
the one of electrodes. Thus such a system can be
used for data transmission of signals through the
exciton condensed phase.

First (above threshold) pulse

Second (below threshold) pulse

c)

Cumulative pulse

T T T T
0 50 100

T T T T 1
150 200 250
z

Exciton pulses in different moments of time.

1. A.A. High, E.E. Novitskaya, L.V. Butov, and A.C.
Gossard, Science 321, 229 (2008).
2. O.I1. Dmytruk and V.I. Sugakov, Phys. Lett. A 376, 44

(2012).
3. V.I. Sugakov, J. Phys.: Condens. Matter 21, 275803
(2009).
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PAJIALIMHA ®I3UKA TA PAJIIALIMHE MATEPIAJIO3HABCTBO

JIEKTPOHHBLIE YPOBHU KOH®UI'YPALIUN JTUBAKAHCHUI B KPEMHUU

A. I1. Jloaroyenko

Hucmumym soepuvix uccneoosanuti HAH Yxpaunwt, Kues

OO0mydeHue sIEpHBIMEI YaCTHIIAMU SIBISIETCS d-
(DeKTHBHBIM METOJIOM HCCIICIOBaHUS B (u3uke
TBepnoro tena. K HacrosmeMy BpeMeHH cTajia ode-
BHJHA HEOOXOJAMMOCTh YTOYHEHHUS JJIEKTPOHHBIX
YpOBHEH IMBAaKaHCHH B 3alpelleHHOW 30HE KpeM-
HUs. BhICOKOOMHBIE 00pa3iibl n-, p-Si, BeIpalllCHHbIC
METOAOM OECTUreJbHOM 30HHOM IIIaBKM OBUIM 00-
JMy4eHbl OBICTPHIMH HEHUTPOHAMH peakTopa IpHu
T =287 K. HUsmepeHrne NPOBOIUMOCTH H IIOCTO-
sHHOI XoJuta ObUIM BBIIIOJIHEHBI MeTOAOM Van der
Pauw 10 u mociie M30XPOHHOTO OTXKUTA B TEMIIE-
patypuom untepsane (150 +600) °C B TeueHue
60 MuH. TeopeTHuecKkuil pacyeT >HEPreTUUYECKOro
MTOJIOKEHUST B 3allpelIeHHON 30HEe KpEeMHUS pajua-
LIMOHHBIX JAe(PEKTOB U MX KOHIICHTPAIUN BBIMOJIHCH
OOBIYHBIM MeToaOM [1].

Pesynbrarh sKCIEepUMEHTA M pacUETHBIE KPHBBIE
1ocjie HEKOTOPBIX TeMIepaTyp U30XPOHHOTO OTXKH-
ra mpeJCTaBlIeHbl Ha pucyHke. B oOmactu Temme-
patyp 230+ 250 K nuBakaHcHMM MEHSIOT KOH(U-
Typalui: JKCIepUMEHTaJIbHble 3HAYCHHs JIeXKaT
BBIILIE TEOPETUUYECKOU KpUBOH. JIBIpKM HE ycCHenu
3axBaTUThcA Ha ypoBeHb Ey + 0,365, a Ha ypoBeHb
Ey + 0,21 3B eme pano.

IOH_
OTHMr
104 . Talzasojc
e T,=450°C
10" 4 T, =200°C
o v T =300°C
5 11 “
o 107 4
IOItl
9
10" 4
10° . , . ; .
3 4 5 6 7 8 9
-1
1000/T, K

TemneparypHasi 3aBUCUMOCTb KOHUEHTPALUU HOCUTENEH
B n-, p-Si (ng = 1,19-10" em™, py = 1,6:10"'em™), o6my-
YEeHHOTO OBICTPHIMU HelTpoHamu peaktopa (P, = 1,25 x
x 10" n%em?,  @,=2,0-10"" n%cm?)
mociie oTkura mpu Temmeparype: I - 200°C; 2 — 350 °C;
3-450°C; 4— 300 °C, e- D3KCIEPHMEHT, — pPacuyer;
OTKUT — 60 MUH.

COOTBETCTBEHHO

JHepreTHyecKoe MnoJioKeHue ypoBHeil TUBAKAHCHH B Pa3JIMYHOM 3apsi/IOBOM COCTOSIHUU B KPEeMHHH
B 3aBMCHMOCTH OT ATOMHOIi KOH(pUTypanun

ATOMHAasI KOH- E.-E, 9B E,+Eg4 5B AE. 5B
¢urypanus =/ —/0 0/+ 0/0 ’
Dy 0,261 0,426 0,365 0,53 0,165
Cou 0,17 0,42 0,20 0,45 0,25

Heiirpansabnii ypoBenp nuBakancuun Eyv+ 0,45 3B
BO BTOpOW KOH(UIYpalMOHHOH sIME HOABEPKEH pe-
aKILUY [epe3apsaKu VV'S VV +VV7, re. BBICTYIIA-
€T KaK OOBIYHBIN PEKOMOWHAITMOHHBIN IICHTpP, KOTO-
PBIA IIpU TEMIIEPATYpPE BbILIE KOMHATHOM 3aXBaTbIBa-
€T DJIEKTPOHBI, & HUKE — JIBIPKHU. YPOBHH Pa3IMYHbIX
3apsIIOBBIX COCTOSHUM [WBaKkaHCUM B KPEMHUHU B
3aBUCUMOCTH OT KoH(purypamu Q; u Q, npezcrase-
HBI B TAOJHLIE.

Pacuer meTomoM MoneKyISpHBIX opOuTaneit [2]
MOJTHOCTBIO TMTOATBEPAWII TIPEACTABICHUE O IBYXb-
SIMHOM TIOTEHIIMaJle TUBAKaHCHUHM B KPEMHUH B HEH-
TpPaJbHOM M 3apsKEHHBIX COCTOSHUAX. M30XpOHHBIM

[IOPIUHUK - 2012

OTXHT N, P-Si MOKA3bIBAET YTO KOHIIEHTPALIUS JBIPOK
B 00pa3imax pacter ¢ 3Heprued aktuBanuu 0,91 u 1,3
9B, KOTOpbIe OOBIMHO CBS3aHBI ¢ MHrpanueit VV u
MEXKIIOY3€JIbHBIX aTOMOB KPEMHHUSI M3 JIOKaJIbHOTO
CKOIUIeHUS B Kiactepax. Ho ux akientopHele ypoBHU
HE MOTYT OOBSCHUTH HAOIIOAAEMYIO KOHIICHTPAITHIO
JIBIPOK, BO3MOXKHO MEJKUWA aKIENTOPHbIA YpPOBEHb
MIPUHAJICKUT TeKCOBaKaHcuu [3].

1. A.P. Dolgolenko, Phys. Stat. Sol (a) 179, 179 (2000).

2. C.C. Monusep, ®TT 44, 404 (1999).
3. AL Joaronenxo, BAHT, 5(81), 13 (2012).
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EPR SPECTRA AND THE INTERCONFORMER TRANSITION
OF THE STABLE CH;CHCOO™ RADICAL IN ALFA-ALANINE

V. F. Onischuk, V. R. Zaitov, A.I. Levon

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

Increasing interest to alpha-alanine is associated
with its use in the EPR-alanine dosimetry.
Dynamical proparties of the free radicals
CH,CHCOO™, which manifest themselves in the

change of the EPR spectra at room temperature,
have been studied previously [1, 2]. The authors of
these publications concluded that the observed
temperature dependence of the EPR and ENDOR
spectra is due to the transition between two
conformers of the radical. However, the structures of
these conformers have not been determined.

In this study, we investigated the reversible
temperature dependence of the EPR spectra of the

CH,CHCOO" radicals in the range of 220 - 430 K,

which are stabilized by the gamma-irradiation of the
alpha-alanine crystals. The EPR spectra were
recorded in the X-range as the second derivative for
three crystallographic axes. From comparison of the
spectra of the stable radical at low and high
temperatures and the spectra of the intermediate

radical CH3CHCOO’ [3], an assumption was made

that the structure of the first conformer (A)
corresponds to the structure, first described in [4],
and the structure of the second conformer (B)
corresponds to the structure, described in [3]. At the
same time, despite the same chemical formula of the
radicals, their interaction with the immediate
environment is significantly different. As a result,
their thermodynamic properties are different;
therefore the activation energies E4 and Eg, the pre-

exponential factors toa and Top in the Arrhenius
equation, determining the dependence of the lifetime

Ta and tp of the conformers from temperature, can
vary significantly.

104

To test this assumption the theoretical EPR
spectra of the radicals CH,CHCOO™ were calcula-

ted in the conditions of transition between the two
conformers for three crystallographic axes. The
parameters of the interkonformer transitions and the
hyperfine splitting (HFS) of alpha and beta protons
in the spectra were determined by a least-square
method. The HFS wvalues, thus obtained, were
compared to experimental ones. The results are the

following: Top = 1.7-10" s, Ex = 24.3 kJ/mol and

Tog = 2.5-10"% s, Eg= 3.8 kJ/mol. Discussion of the
reasons for the significant difference of the values of
the parameters, defining the lifetimes of two
conformers, was carried out on the basis of the
theory of transitional state, taking into account
different interaction of the radical with the
immediate surroundings in two conformers.

Due to the significant differences of the
thermodynamic properties of the radiation defects in
the states A and B in the EPR spectra at low
temperature, the only conformer A is observed since
the conformer B is weakly populated. At increasing
temperature and the population growth of the
conformer B, the observed EPR spectrum is
averaged. The intermediate states are displayed in
the broadening of the EPR lines.

1. B. Rakvin, N. Maltar-Strmecki, D. Kattnig, and G.
Grampp, J. Phys. Chem. A 114, 7500 (2010).

2. 1. Miyagawa and K. Itoh, Journ. Molec. Strct. 190, 85
(1988).

3. J. Sinclair and M.W. Hanna, J. Phys. Chem. 71, 84
(1967).

4. 1. Miyagawa and K. Itoh, J. Chem. Phys. 36, 2157
(1962).
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AHOTaUiT pobiT 3 i3uKKu Nnasmu

BIIVINB MATHITHUX OCTPOBIB
HA YTPUMAHHS EHEPIIMHUX YACTHHOK Y TOKAMAIII

O. C. bypao, . 1. Koaecauuenko, FO. B. SIkoBenko

Tnemumym adeprux docnioscens HAH Vipainu, Kuis

OcTaHHIMH POKaMH CIIOCTEPIraeThCcsl 3HaYHa 3a-
IIKaBJICHICTh y BUBUCHHI MPUINH BTPAT EHEPTIHHUX
YaCTUHOK, 1HXKEKTOBAHUX Yy TUIA3My TEPMOSICPHHX
MPUCTPOIB 1 3aCO0IB MOMEPEIKEHHSI IHOTO SBHILA.

Ha BTpartu eHepriiiHux 4acTHHOK, 30KpeMa y cde-
puaaoMy Topi NSTX mim gac jaBuH amb()BEHOBHX
HECTIMKOCTEH, BIUIMBAIOTh MArHITHI OCTPOBH, IO
YTBOPIOIOTHCSI BHACHIJOK HU3bKOYACTOTHUX KOJIH-
BaHb, SIKi CYIIPOBOIKYIOTh alb()BEHOBI HECTIHKOCTI.

OnHKUM 13 METOJIIB JOCII[)KCHHS BIUIMBY MarHiT-
HUX OCTPOBIB Ha PyX € CTEKEHHS 32 TPAEKTOPIEIO
3apsiKEHO] 4acTUHKHM (y HAIIOMY BHNAAKY — Yy
nperioBoMy HAONMIKEHHI) Ta BHM3HAUEHHS TOYOK
NEepEeTHHY TPAEKTOpii 3 AEAKOI (DIKCOBaHOIO IUIO-
[IMHOIO, IEPIIEHANKYIISPHOIO 0Ci TOpa, TOOTO MO0Y-
noBa BimoOpakenHs [lyankape.

VY He30ypeHHX Mar"iTHHUX KOHQIrypamisx BiJo-
Opaxenns Ilyankape pyxy 4YacTHHOK TOIIOJIOTIYHO
€KBIBaJIEHTHE CHCTEMI BKJIAJICHUX K1

Sxuio MarHiTHa KOHQIrypaiisi BHACTIJOK THX Y1
IHIIMX MPUYHH 3a3HAE HU3bKOYACTOTHOTO 30ypeHHs,
TO Ha BiAMOBIAHMX BimoOpaxeHHsx [lyankape mo-
KYTh 3’ SIBUTHCSI MarHiTHI OCTPOBH, a TaKOXK CTOXac-
THYHI IIapH, OI0 IX OTOYYIOTb.

Mertoto 11iei po6oTH OyJI0 HOCHiIHKEHHS pyXy iH-
JKEKTOBAHHX y TIa3My €HEPTiHHUX 1OHIB MiJl BITIH-
BOM MAarHiTHHX OCTPOBIB y BHUMAJIKaX 3 HEMOHOTOH-
HUM Tnpodinem koediumieHTy O€3MEKH TOKaMaky
(pucyHoK).

[IOPIUHUK - 2012
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Hemonotonsi npodini g(r) -xoediuieHra
0e3IeKy ToKamaka.

BuB4eHHS pyXy YaCTHHOK IIPOBOAMIIOCH i3 3aCTOCY-
BaHHsAM koxy ORBIT [1]. Po3paxynku npoBoguiucs
Uil KOH(Qirypamiii i3 pi3sHUMH amIUIiTyAaMu 30Y-
peHb. byno mokazaHo, 10 iH)XXKEKTOBaHi i0HH MO-
JKYTh 3HAYHO BIAXWISTHCS 4Yepe3 BIUIMB MarHiTHUX
OCTPOBIB, IO MO’KE OYTH NPUYMHOIO IXHIX BTpAT.

1. M.H. Redi et al., in Plasma Physics and Controlled
Fusion (Proc. 29" EPS Conf. Montreux, 2002) Euro-
phys. Conf. Abstr. Vol. 26B, EPS, 2002, CD-ROM file
P-1.081.
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TPAHCIIOPTHI NPOLHECH HIBUJAKHUX IOHIB ¥ TOKAMAKAX

B. O. SIBopcbkuii

Tnecmumym soepuux docnioxcenv HAH Yrpainu, Kuis

PoGora npucssdeHa oy TEOPETUYHUX Ta €KC-
NEPUMEHTANBHUX JTOCHIIKeHb YTPUMAaHHS IIBUAKHX
10HIB y TOKamakax mpH BiacytHocti MI'J] 30ypeHs.

YV He30ypeHii m1a3mi Tokamaka yTpUMaHHS 10HIB
BHCOKHX CHEpTiii BU3HAYAETHCS TaK 3BAaHUMH KJIaCH-
YHUMHU TPaHCHOPTHUMH Mponecamu [1, 2], mo o0y-
MOBJICHI CTIENH(IKOI0 OpOITATBHOTO PyXy Ta KyJO-
HIBCHKMMHU 3ITKHEHHSMH 13 YaCTHMHKaMH OCHOBHOI
IUTa3MHU.

VY naniii poOOTi PO3TISTHYTO OCHOBHI MEXaHI3MHU
BTpaT INBHIKHX 10HIB, IOB’s3aHI 3 KIACHYHUMH
TPaHCIIOPTHUMH IpOIeCaMH: MHUTTEBI, a TaKOX IU-
(y3iiiHi Ta kKoHBekTHBHI BTpatu. IIpoBenmeHo aera-
JIbHE TOPIBHSHHS EKCIIEPUMEHTAJIbHUAX JAHUX IO
BTpaTax iOHIB IHXKEKIIi Ta 3apsHKEHUX MpPOLYKTiB
peakuiii CHHTE3y 3 pe3yJibTaTaMd MOJAETIOBaHHS Ha
tokamakax TFTR, JET, JT-60U Ta iH. PosrmsayTO
TAKOXX CKCIIEPUMEHTH Ta MOJCIIOBAHHS 3 BIUIUBY
nuy3iiHOrO Ta KOHBEKTUBHOTO MEPEHOCY Ha IMPO-
LIECH B IUIa3Mi TOKaMakKa, 110 TI0B’s[3aHi 3 MIBUIKUMHU
ioHaMu (emicisi HeHTPOHIB, TaMMa-BUIIPOMIHIOBAaHHS
Ta HEWTpaJiB BHCOKMX eHepriii). [IpoaHanizoBaHo
pe3yibTaTH Cy4YacHHUX TPOTHO3HHX PO3PaxyHKiB
PO KIACHYHUX TPAHCIOPTHHX IPOIECIB B YTpPHU-
MaHHI 1OHIB IHXKEKLii Ta 3apsHKeHUX MPOIYKTiB
peakuiii cuaTe3y B Tokamarii [TEP.

BucHoBku poboTH:

1. MuTTeBi BTpaTH WIBUAKHUX 1OHIB BiIIrparoTh
BAXJIMBY POJIb Y CyYaCHMX TOKaMakax. Taki BTpaTH
po3MoMiJieHI B IMMPOKOMY Iiama3oHi IOJIOITHHUX
KyTiB. BOHN HafiiiHO CTIOCTEPIraloThCsA Ta MOZEIIO-
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FOTBCS.

2. Hudy3iiHO-KOHBEKTUBHUHN NEPEHOC IBUIKUX
10HIB HaI3BUYAWHO YYTIWBHU IO TOPOITHO-acHMe-
TPUYHUX 30ypeHb MAarHiTHOTO TOJS 3aBISKH IHC-
KPETHOCTI KOTYIIOK TOPOiNHOi KOMITOHEHTH B, Kko-
TYIIKaM PE30HAaHCHHUX MAarHiTHUX 30ypeHb AJs Ta-
myBaHHsI ELM akTWBHOCTI, ()epUTHUM BCTaBKaM
Uit ochalneHHs TOpoinHUX To¢piB, MPOOHUM MO-
IynsiM OaHKeTy.

3. Btpatu, obyMoBieHI audy3iiHO-KOHBEKTHB-
HUM pajiajJbHUM IepEeHOCOM, JIOKANi30BaHI Y BY3b-
KOMY [iama3oHi MOJIOINHUX KYTIiB HIDKYE €KBaTopa.
TopoigHo acuMeTpudHi 30ypEeHHS] MarHiTHOTO ITOJIS
MPUBOMATH IO JOAATKOBOTO TOJIOIMHOTO 3MIIICHHS
Ta JI0 CYTTEBOT TOPOIMHOT MOAYJIALIT BTpaT.

4. HesBaxkarouu Ha CXOXICTh MUTTEBHUX BTpar 3a-
psamxenux npoxaykris JJJ1 ta JIT cuaTesy, iXHi BTpaTh
3aBASKU 3ITKHEHHSIM MOKYTh 3HAUHO Pi3HUTHCE.

5. CyvacHi MeToaw pO3paxyHKiB AuQy3iiHO-
KOHBEKTHUBHUX BTpPAT MIBUIKUX 10HIB 3a0€3MCUYIOTh
JIIIE SIKICHE Y3TOKEHHS 13 CIIOCTEPEKCHHSMHU, B
OCHOBHOMY Y€pe€3 BUCOKY TOPOiJHY Ta IOJOIIHY
JIOKAIli3alilo MOTOKIB Ha Tepiry cTiHky. HoBi mo-
KpamieHi TiAXOoAu JUIsi MOJACIIOBAHHS TaKUX BTpaT
HEeoOXiZHI A iHTepnpeTanii Cy4acHUX eKcrepuMe-
HTIiB Ta MPOTHO3IB TEIUIOBUX HABaHTAXKEHb 1 ()IIFOCH-
CiB BHCOKOEHEPTeTUYHUX 10HIB TSI MalOyTHIX TO-
KaMaKiB peakTopiB

1. Ya.l. Kolesnichenko, Nucl. Fusion 20, 727 (1980).
2. S. Zweben et al., Nucl. Fusion 40, 91 (2000).
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OI3UKA ITIAZMU

AJIb®BEHIB KOHTUHYYM TA KOHTHHYYM T'EOJAE3UYHOI AKYCTUYHOI MOJH
B TOKAMAKAX 3 BUCOKHUM THUCKOM IIVIA3MU

O. I1. ®ecenok, . I. Koaecunuenko, 0. B. SIkoBenko

Incmumym si0eprux docnioncenv HAH Yrpainu, Kuig

HemomaBHO cTano 3po3ymisio, Mo BaXIIMBY POJIb
y 0araTboxX mporecax y TEPMOSICPHUX HPUCTPOSX
Bifirpae reoge3nyHa akyctuuHa moga (I'”AM), icuy-
BaHHS 5IKOi OyJo mependadeHo e B 1968 p. B pobo-
Ti [1]. Bona BaxkimBa i1 30HAJBHUX TEUil, anbd-
BEHOBUX KAacKaliB Ta EHEPreTHYHHUX YaCTUHKOBUX
MOJI.

ITix TAM MaroTh Ha yBa3i akCHaIbHO-CHMETPHI-
Hi KOJHMBaHHS (KOJMBAHHS 3 JIOMiIHYIOUOK TapMOHi-
KOIO 3 7 0), posramoBaHi B HalHIKYIHM IIiTHHI
ans(BeHOBOTO KOHTHHYYyMa. Yactota 'AM € Bepx-
HBOIO MEXKEI0 HIUTMHUA alb(BEHOBOI'O KOHTHHYYMa,
CIIPUYMHEHOT CKiHueHHicTIO B. [ Bu3Ha4YeHHs 11
XapaKTepHOro 3HAYEHHS TPAJHULIITHO KOPHCTYIOTHCS

[ " j,
2q

Iie ¢y — MBHIKICTH 3BYKY; Ry — BEIUKUN pamiyc TO-
pa; g — pakrop Oe3neku Tokamaky. OnHak Bupas (1)
cpaBemBHit mume npu Bg° < 1/8 [2], xe B, =.
+ v vy — anb(pBEeHOBA MIBUAKICTH, Y TOH Yac sK
y IEHTpi IUTa3MH CyYacHUX TOKAaMakKiB MOxe OyTH

2
C

S

R

(o) =2

(11

Bsq® ~ 1[3]. Tomy mera 1i€i po6OTH — PO3TTISHYTH
gactory '’AM 1 migvuH B aTbGBEHOBOMY KOHTHHYY-
Mi y BHIAJIKy, KOJIM IIapaMeTp Lq° He TyKe MaIHii.

VY poborti BpaxoBaHo MHOXHUK (1 + ) y piB-
HSIHHI Ui 3BYKOBUX KOJMBaHb Ta 3a4YETUICHHS MiX
rapMmoHikamMu @D,,, Ta D,,.2, CKAIIPHOTO EICKTPUY-
HOTO TIOTEHI[iAly dYepe3 CTHCIMBICTh IUIa3MH Ta
SIINTHYHY TapMOHIKY METPHYHOTO TEH30pa B PiB-
HSHHI U1l anb(BCHOBUX KOJUBAaHb. Y pe3yJbTaTi
OTPUMAHO BIJHOCHO TIPOCTI BUpPA3H [UISI YacTOT
I'AM i minuH B anb(pBEHOBOMY KOHTHHYYMi (IUB.
tabmumto). [lokazaHo, 1m0 BpaxyBaHHS HEMaJOCTi
napamerpa S,q° iCTOTHHM YHHOM 3MiHIOE MOJOMKEH-
HS X Y9aCTOT.

Otpumani BUpa3u OyJIo TEPEeBipEHO MIITXOM II0-
PIBHSIHHSL 3 YHCIOBUMH OOYMCIICHHSIMH PO3B’S3KiB
XBUJILOBOTO PIBHSHHSA 3 ypaxyBaHHSAM 0araThbox
XBWJIBOBUX TapMOHIK, 3 YHCIOBHMH OOYHCICHHSIMU
PO3B'A3KIB CIPOIIEHOI0 XBHJILOBOTO PIBHSHHS, I10-
IOHOTO 10 piBHAHHSA MaTbhe (VIS HECKIHYECHHOI
KUTBKOCTI XBWJIBOBUX TapMOHIK), Ta 3 YHCIOBHMH
o0UHNCIeHHSAMH  anb(BEHOBOTO KOHTHMHYyYMa IS
cepuuHoro Tokamaka NSTX, BUKOHAHUMH KOJOM
NOVA-K.

XapakTepHi 4acTOTH MO/ JJIf eJINTHYHOIO NMONEePeYHOr 0 Nepepizy Tokamaka (x> 1)

gB<<1 7p<l
1 2 1/2 ) 1/2
~ 2+1/q° | 5 € 1
2+ — ‘ Ze2 -
Oryp {(( ZqZ]K2+1B°:| {1_6;2/2{B(I+ ) j+q2 ®FAM‘|}
1/2
~ 1‘2—4/1+3€§2/4 1 (en) s 3
Orypar —_— ——— | 2B| 1+—== |+ | 1+ €y | =\ Orisy
2 e l-¢,,/4 4 4q 20 ¢
q 1 €g2/4 22
~ HUIC l I_C;Z/z L1—€g2/2 - 1 "
EABM g\ 1+¢,/2 g’ l+e,/2 " l+e,/2
~ cepx 1 |l+eg, /2 L1+682/2+“ 3 )\
EABM g\1-€,/2 G l-c,/2 "1-¢,/2

[MIpumirka TABM i EABM — anb¢BeHoBI BiacHi MO/M, TIOB’s13aHi 3 TOPOINATIBHICTIO 1 ENNTHYHICTIO, BIAIOBIIHO,

K — eMNTHYHICTS, O=0R,/v,,

B=B,/(1+B,),

B=2B/(x>+1), €, =(" =1/ (> +1),

Orip =201 _(1_36;2 /4)q47 O = 1/q4 +B€g2(1+€g2)/q2 +Bz(1+€g2)2 /2.

1. N. Winsor et al., Phys. Fluids 11 2448 (1968).
2. O.P. Fesenyuk et al., Plasma Phys. Controlled Fusion
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54, 085014 (2012).
3. M. Podesta et al., Phys. Plasmas 17, 122501 (2010).
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I'EOJE3UYHA AKYCTUYHA MOJA B TOKAMAKAX 3 BUCOKUM THUCKOM IIVIA3MHU

5. 1. Kosecunuenko, B. B. JIynenko

Tnemumym adeprux docnioscenvs HAH Yrpainu, Kuis

I'eogesnuna akycruuna moga (I'”AM) — HUBBKO-
YaCTOTHI 3BYKOMOIOHI KONHWBaHHS B TOPOIAHIM
TUT1a3Mi, SIKi € CHMETPUYHHMH BiZJHOCHO TOJIOBHOT OCi
Topa (TopoinanpHe XBHIboBe unciao n=0) [1]. [Ipu
TAaKUX KOJIMBaHHSIX 3BUYAHA MPUYUHA 30y DKCHHS
HU3BKOYACTOTHHX HECTIMKOCTEH — MpPOCTOpOBa He-
OJTHOPITHICTh PO3IMOILTY YAaCTUHOK, & TOYHIIIE 3a-
JEXKHICTh (QYHKLIT po3moainy 4dacTuHOK (F') Bif
iXHBOTO KaHOHIYHOrO KyTOBOrO MOMeHTy (F,) He

BIUTMBA€E HA CTIHKICTh, TOMY I’ AM 30ymKyeThes abo
SHEepriiHUMHU 10HaMH 3 1HBEPCHUM €HEpPreTHYHHM
posnoaiom (0F (e,u, F,)/ 0e >0, ne & Ta p— eHep-

riss Ta MarHiTHUA MOMEHT YaCTHHOK BIJIOBIIHO),
a00 MikpoTypOyneHTHicTio ma3Mu. Ciill Bi3HAYU-
TH, IO B TEPEBaXKHIN OINBIIOCTI MyOiKaImii BUKO-
PHUCTaHO JIOKaJIbHE HAOIMKEHHS, 110 JIA€ JIUIIEC KOH-
TUHYYMHY 4actoTy. Kpim Toro, mepeBaxna Oiyib-
HIiCTh POOIT CTOCYETHCA MJIa3MHU 3 AyKE HU3BKUM [3

(P — BigHOWIEHHS THCKY IIa3MH JI0 TUCKY MarHiTHO-

ro mosst). TuMm yacom, ik TIOKa3aHo B [2], BIaCTUBO-
cti [AM-KOoHTHHYYMa, a TaKOX amb()BEHOBOTO KOH-
THHYyMa, JOKOPIHHO 3MIHIOIOTHCS B TUIa3Mi 3 BEIH-
KM THCKOM. Lle mocTaBuiio Ha MOPSOOK ACHHHM
uTaHHs mpo BiacHi ['AM-konuBaHHS Ta 30yIKeH-
HS IUX KOJIMBAaHb y IUIa3Mi BeIUKUM THCKOM. Ilep-
1Ie 3 HUX PO3MISIHYTO Yy Lil poOoTi, a apyre — B [3].
VY wiit poboTi BUBEJECHO PiBHSHHS, IO ONHCYIOTH
I'’AM-konuBaHHS B IJia3Mi 3 €HEPTIHHUMH 10HAMH.
[Tokazano, mo J3 -3aueruieHHs pomiHyroouoi (yp’e-

rapmoniku  ®,, 3 rapmonikoro P,, (P, -
(m, n)-rapMoHiKka CKaIsPHOrO MOTEHIANy eIeKT-

POMAarHiTHHX 30ypeHb, m — MOJIOiJalIbHE XBUJIbOBE

YHCII0) 1a€ 3MOTY BHUPIIIATH IMATAHHS MPO ICHYBaH-
HS BIIACHHUX Ta BUMyIIeHHX ['AM-Mon y TopoimHiit
mwia3mi. TUM caMUM yKa3aHO Ha MOMJIMBUU MeXa-
Hi3M (GOpMyBaHHS PaAiajbHOI CTPYKTYPHU LMX MOJX
(BigmiHHMH Bif 3anponoHoBaHoro y [4]). CtBopeHo
YHCIIOBUI KOJ, SIKUU pO3B’A3y€ BUBEACHI PiBHSHHSL.
Kox cnpsimoBanuii Ha TOLIyK BIACHUX YacTOT Ta
BU3HAUCHHS pajiaibHOi cTpyktypu Dy, D,,, a

TaKo)X BEIMYMH, IO XapaKTepPH3YIOTb CTHCHICTh
mia3Mu. [IpoBecHO KOHKPETHI PO3paxyHKHU U 3HAK-
neHo BiacHi [AM-koyMBaHHS y TOKamakax 3 o0ep-
HEHUM IMUPOM MarHiTHoro mouis. [lokazaHo, 110
HaBITh TIPU MOHOTOHHOMY TPOQimt0 KoeillieHTy
Oesnexku Tokamaky [q(r)] I'AM-KOHTHHYYyM MoOXe
MaTH EKCTPEMyM, a OTXKE, € MOMJIMBHUMHU BIJIACHI
["AM-KoUBaHHS; 1€ MOKE MOSICHUTU €KCIIEPUMEH-
TanpHi crioctepexeHds Ha JET.

1. N. Winsor, J. L. Johnson, and J. M. Dawson, Phys.
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kovenko, Plasma Phys. Control. Fusion 54, 085014
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3. O.II decenrok, .1 Konecumuenko ta HO.B. fko-
BEHKO, y Te3zu Oonosioeu XX wopiunoi Hayko8oi KoH-
Gepenyii  Incmumymy  sdepuux Odocniodcens HAH
Yrpainu, Kuis, Yxpaina, 28 ciuns — 01 niomoeo 2013 p.
(Kwuis, 2013), c. 124.

4. S.1. Komecumuenxko, b.C. JlensBko ta B.B. Jlymnenko,
y Tesu donogioeii XX wopiunoi nayxkoeoi konghepenyii
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JBOIIIIMHHAN CIIEKTPOMETP JJISI JIATHOCTHUKHM BTPAT HIBUJIKHUX IOHIB
HA TOKAMAKAX-PEAKTOPAX

B. 5. FOJIOﬁOpO)ILKOl, B. Kintinmii?, ®. Cecir’

1 . .. .
Tucmumym s0eprux docnioxceny HAH Yipainu, Kuig
? Kanemcuvruii naykosuti yenmp 3 keposanozo cunmesy, Kanem, Anenis
? IIxona waxm, Konopado, CIILIA

Ha Garateox icHyroumx tokamakax (JET (AwnT-
nist), ASDEX (HimeuyunHa) Ta iH.) yCTaHOBJICHO Ta
e()eKTUBHO TPAIIOIOTH JIETEKTOPU IIBUJIKHX 10HIB,
10 BTpadaroThes. Cepen HUX CIiJ Bi3HAYUTH CITU-
HIWISILIHHI TETEKTOPH, 1110 Jar0Th iH(GOpMAIIiIO PO
CHEepPreTHYHi Ta MiTY-KyTOBI PO3MOAIIM IIBHIKUX
ioHIB, Ta (apanaeiBChKi JETEKTOpH, WIO [AIOTh
iHdopMarlito mMpo eHepreTUdHi CHEKTPH 10HIB, IO
BTPavyaroTHCS.

3BakalouW Ha BAKIHMBICTH iHQoOpMarii mpo
YTpUMaHHS MIBHAKHX I10HIB y TOKaMalli-peakTopi
ITEP, mo crnopymKyeTbcsi MiKHAPOAHOIO CILTb-
Hotoro y M. Kagapam (®panuisi), mocrae HarajgbHa
HEOOXiHICTP PO3pOOKH BIAMOBITHUX ETEKTOPIB
IIBUJIKKX 10HIB JUIS 11i€] ycTaHOBKU. [CHYIOYI JeTek-
TOpH HE 3MOXKYTh NPALIOBATH B yMOBAaX IJIa3MOBOTO
po3psany Ha Tokamarli ITEP, me o4ikyroThcst TOTOKH
IBUIKUX 10HIB Ta HEHTPOHIB Ha MOPSAIOK BHUII 3a
PEKOpAHI BEIMYMHU HAMKPYMHINIOTO Ha CHOTOIHI
Tokamaka-peaktopa JET (Anrmis).

V naHiif poOOTI MPEACTABICHO MPOCSKT MOMKIIABOL
MOJICpHi3allil OJIHOTO 3 YCTaHOBJICHUX Ha TOKaMalli
JET dapaneiBcbKkux OETEKTOpiB Ta NEPETBOPEHHS
HOTO y NMBOIIIIMHHAN CIIEKTPOMETpP IIBUAKHUX 10HIB.
['o0BHOIO OCOOJIMBICTIO 3alpPONOHOBAHOTO JETEK-
TOpa € Te, MO0 B HBOMY 37e0iJbllle BUKOPHUCTO-
BYIOTBCSI BXKE BCTAaHOBJICHI B KaMmepi TOoKamaka-
peaktopa JET enementu koHcTpykmii. Ile Moxe

I[OPIUHUK - 2012

CyTT€BO 3MEHIIUTH BUTPATH HA BUTOTOBJICHHS JIETE-
KTOpa Ta 3HaYHO IMOJIETIINTH HOro BCTAHOBJICHHS Ta
eKkcruryaTanito. IIpencraBneHo Takox po3poOieHuit
B [S1]] HAH VYkpainu 4nciioBuii maker Jjsl ONTUMI-
3alii TeoMeTpii 3amporOHOBAHOTO JAeTeKTopa. Y
BOMY YHCJIOBOMY IIaKeTi BUKOPHUCTOBYETHCS pea-
JIbHE MarHiTHe II0JIe, 110 PO3PaxOBYETHCS Ha TOKa-
Marii-peakropi JET 3a 10mOMOTOI0 YHCIOBOTO KOIY
EFIT ynponoBX KOXHOTO IUIa3MOBOIO pO3pALY.
IIpu po3paxyHKax TaKOXX BPaXxOBYETbCS IOJIOXKEHHS
Ta TEOMETPUYHI PO3MIPH CTPYKTYPHHUX €JICMEHTIB
KOHCTPYKLii, 110 pO3TaIlOBaHi BCEpPeIuHI KamMepH
tokamaka-peakropa JET. Ile 3pobmeHO 3 Meroro
onTHMi3alii TeoMeTpii HOBOTO JETEKTOpa IS MaK-
CHUMaJIbHOTO YHUKHEHHS MOT0 3aTEMHEHHsS eJeMEH-
TamMu KOHCTpyKuii. [lokazaHo, 1m0 Takuil AETEKTOD
MOJK€ MaTH 33J[0BUTbHY PO3AUIBHY 3AATHICTH SK I10
EHEpTisX IBUAKHUX i1OHIB, TaK i MO IXHIX MTY-KyTax.
[Ipn npoMy TakMii JETEKTOp 3MOMKE NPALIOBATH B
KOPCTKHX YMOBax Tokamaka-peakropa [TEP.

g TecTyBaHHS HOBOTO JIETEKTOpa MPOIOHY€ETh-
csi HOro BCTAaHOBJEGHHS Ha [Iil0YOMY TOKamalli-
peaktopi JET mixg wac foro miaHOBOI 3yNUHKH Y
2013 p. CymicHa ekclutyaraljisi HOBOro JIeTeKTopa 3
y’K€ BCTAaHOBJICHUMH Ta MPOTECTOBAHUMH 3aco0aMu
BHMIpIOBaHb TIOTOKIB IMBHIWX 10HIB, IO BTpaya-
to1best B Tokamaii JET, mo3Bosuth mpoBecTd iHoro
KaJiOpOBKYy Ta ONTHMi3yBaTu MapaMeTpu poOoTH.
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YU NOB’A3AHI KOJIAIICH IMUJIYACTUX KOJIMBAHBb ¥ TOKAMAKAX
31 CTOXACTU3ALIEIO MATHITHOI'O I1OJIA?

S1. 1. Konecunuenko, FO. B. SIkoBenko

Incmumym si0eprux docnioncenv HAH Yrpainu, Kuig

[TwrgacTi KoMUBaHHSA, 110 NPOABISIOTHCS SIK Yep-
T'YBaHHS IIBUJIKAX TEIUIOBHX KOJIAICIB y HEHTpallb-
Hil YacTHHI IUIa3MH 3 IHTEpBaJaMH MOBIJIBHOTO
HarpiBaHHS IUTa3MH, € OJHIEI0 3 HAWMOIIUPEHIIINX
¢bopm MI'Jl-akTUBHOCTI TIJJa3MH B TOKaMakKax.
OxpiM TOro, 10 BOHH TTIOMITHUM YMHOM BILTUBAIOTH
Ha YTPUMAaHHS IJIa3MH 1 MOXYTb OYTH CIIyCKOBHM
raykoM JJIs IHIIMX HeOE3MeYHUX HeCTIHKoCTe .

He3Baxkaroum Ha JaBHICTh BIAKPUTTS IBOTO SIBU-
13, BaXJIMBl aCIEKTH HOTo MPHUPOIH AOCI 3aJMINa-
I0ThCS 3arajkoro. HaiiBimomima Moaenb MHIT9acTiX
KoJIMBaHb — Mojienb Kamomrena [1] — mosicHIOE KO-
Jlanc mepe3aMKHEHHSIM MarHiTHHX NMOBepXOoHb. On-
HAaK I3HII CTIOCTEPeXKeHHS BUSABIIIN HU3KY (DaKTiB,
SIKl CBiJT4aTh, IO MEPE3aMKHEHHS I'BUHTOBOTO Mar-
HITHOTO TOTOKY MiA Yac KoJamcy, ycymeped ILii
MOJIeNi, € HEMOBHHUM. Y KiJIbKOX poOoTax Oyio
3po0JIeHO CpoOH MOSICHUTH 1€ a00 HAsBHICTIO APY-
roro mepe3aMKHEeHHs, SIKe YacTKOBO JIKBiAye Ha-
cimiky repuioro [2], abo THM, 110 Iepe3aMKHEHHS €
HETOBHHM, 2 BJIACHE KOJIAIIC BUKIIUKAETHCS CTOXAC-
TU3AIlI€I0 CUIIOBUX JIiHIH [3, 4] a00 TypOyJICHTHICTIO
sKoice mpuponu (Hanpukian, [5, 6]). Hapasi
3’sCyBaHHS MEXaHi3My KOIAICy 3aJHINAETbCA BaXK-
JIMBOIO 32/1a4€lO0.

Hamu Gyno mpoBeneHo aHalli3 MOXIIMBOCTI TOTO,
110 KOJIAIIC BUKJIMKAETHCSI CTOXACTU3ALI€I0 CHIIOBUX
JiHIA (el BapiaHT OCTaHHIM YacoM HaOyB IOIMY-
JSIPHOCT).

Y pob6oti [3] Kojamc MOsSCHIOBaBCS CTOXAacTH3a-
€0 MarHiTHUX CHJIOBUX JIiHIH TIPU TMEPEKPUTTI
MAarHiTHHX OCTPOBiB, CTBOPEHHX BTOPHHHUMH PE30-
HaHcamu. Ham anani3 mokasye, 1o mpu peamicTHy-
HHAX aMIUTITyJaX CaTelliTHUX TapMOHIK 30ypeHHS
HaBpsJ YU BiIOYBAE€TbCS TEPEKPUTTS BTOPHUHHUX
OCTpOBIB, K€ Ma€ CIPUYMHUTH cTOXacTu3auito. Llei
BHUCHOBOK IIATBEPIUKYETHCS YMCIOBUM MOJIEJIIOBAH-
HSM CWJIOBHX JIiHIH, SIKE IOKa3ye (PUCYHOK), IIO
CTOXaCTHYHICTh € CIa0KOI0 1 HE MOIIUPIOETHCA 0
MarfitHoi oci (1o O0yso 0 MoTpiOHO IS TOSICHEHHS
KoJarcy). AHamiTH9HA OLiHKa AuQy3ii mpu mepe-
KPHUTTI BTOPUHHHUX OCTPOBIB JJa€ 4ac BTPATH €Heprii

) _ o
~1072 107 ¢ nmpu crocTepexeHiii B eKkcrepuMeH-

Tax TpuBanocTi komamcy ~ 107" c.
o x cTOCyeThCs cTOXacTU3allii MarHiTHOTO TO-
TS, 3HAWJEHOI B po3paxyHKax poOotu [4], To BoHA

HE MOKE€ MaTH MICIII Yepe3 CUMETPII0 CUCTEMH, IO
PO3IJISAAETHCS B TiKh po0OTi, 1, CX0XkKE, BUHUKAE BHA-
CIIIIOK ITOXUOKH OOYHCIIEHD.

12 —
1
08
06
04

02 —

04 —
06

08

120 -08 -06 -04 -02 0 02 04 06 08 1 12

Kapra Ilyankape MarHiTHUX CHJIOBHX JIiHIH y MOJIOigHO-
My Tiepepi3i Tokamaka IpH HassBHOCTI MarHiTHOIO OCTpO-
Ba. CroxacTuyHa 30Ha B OKOJI CENepaTpucH OCTpOBa HE
JIOCSITAa€ MarHiTHOI oci (LIeHTpa KOHIEHTPUYHHX KiJI).

Y Oynb-sikoMy pa3i CTOXacTu3allisi € MOMITHOIO
JUIIe TOJMi, KONW KoedilieHT Oe3lekn Ha oci €
MeHImuM 32 0,8 (I1e BiI3HaYaI0ch i B caMUX poOoTax
(3, 4]).

SIKIO B3ATH BCE 3rajlaHe JI0 YBaru, 37a€ThCs Ma-
JIOMMOBIPHAM, MO0 CTOXACTHYHICTh MAarHiTHUX CH-
JIOBUX JIiHIH Biflirpa€e BENUKY POJb y KOJarncax M-
YaCTUX KOJMBaHb.

JInst OCTaTOYHOTO BUCHOBKY Oa)KaHO MPOBECTH
MOJAIBIN aHAMTHYHI Ta YHCIOBI JOCIIKEHHS,
30KpeMa YMCIIOBE OLHIOBaHHS yacy audysii B cTO-
XaCTHYHOMY TMOJIi, IO TUIAHYEThCS 3pOOUTH Haii-
OIMHKIUM JaCOM.

—_—

b.b. Kagomres, ®usuka mwiasmsr 1, 710 (1975).

2. Ya.l. Kolesnichenko et al., Phys. Rev. Lett. 68, 3881

(19892).

A.J. Lichtenberg, Nucl. Fusion 24, 1277 (1984).

V. Igochine ef al., Nucl. Fusion 47, 23 (2007).

5. C.G. Gimblett and R.J. Hastie, Plasma Phys. Control.
Fusion 36, 1439 (1994).

6. F. Porcelli et al., Plasma Phys. Control. Fusion 38,

2163 (1996).
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JECTABLII3ALISA TEOJE3UYHOI AKYCTUYHOI MOJAU EHEPITMHUMHA 10HAMHU
B IIVIA3BMI TOKAMAKIB 3 BUCOKUM THCKOM

5. I. Konecanuenko, b. C. JlensaBko, B. B. Jlynenko

Incmumym si0eprux docnioncenv HAH Yrpainu, Kuig

HecriiikocTi mia3mu, moB’s3aHi 3i 30yHKEHHIM
n= 0-momu (n — TopoimaibHE XBUJIHOBE UHUCIIO) —
TaK 3BaHOI «T'€0Ie3NTHOI aKyCTHIHO1 Moan» (I"AM)
— CHEpriilHMMHU 10HaMH, CIIOCTEpiraiucs SIK Ha TO-
KaMakax, Tak 1 Ha crenaparopax. 30KpeMa, Ha TOKa-
mami JET HecTiKicT, BUHHKAJIA BHACIIIOK IMPHUCKO-
PEHHSI 10HIB NPU 10HHOMY LUKJIOTPOHHOMY Harpi-
BanHiI wasmu [1]. ¥V tokamani DIII-D HecrilikicTh
30y/mKyBajlacsl TPH 1HXKEKIii My4YKiB eHepriiHuX
HEHUTpaJIbHUX aTOMIB, IPUYOMY YacTOTa KOJHMBaHb
Oysa 3HauHO MeHIIoK0 Bix [AM-uactoTu [2]. [Tosc-
HEeHHS 1IboMY ¢akTy Oyno naxo B [3], ne Oyio moka-
3aHo, mo 3MmiHa gactotu B DIII-D BimOysamacs 3a
paxyHOK BHECKY EHEpriiHUX i1OHIB y IUCHepciiiHe
piBHAHHSA, TOOTO cniocTepiranacs «["’AM-mona eHep-
ritanx yactuHOK», ETAM. VYV Ha3BaHHX eKcIiepH-
MeHTax napamertp P (B — BiJHOIIEHHS TUCKY TIIa3MH
IO THUCKY MAarHiTHOTO Toysi) OyB AyKe HHU3BKUM,
npubnusHo 0,4 %, y uentpi mwiasmu. lluranas npo
I'AM-HecTilKICT, ¥ TIa3Mi 3 OUTBII BHUCOKUM [3,
TOOTO y IJia3Mi, siKa SIBJISE 1HTEPEC I TePMOsIIep-
HOi mpoOiemMu, 10 UBOr0 Yacy He BHBYaocs. 3 iH-
moro 00Ky, sSIK TIOKa3aHO y HEMOAaBHIN ImyOikaril
[4], BmactuBocTi TAM-KOHTHHYYMa, a TaKOX ab(-
BEHOBOTO0 KOHTHHYYMa 3HAa4HO 3MIiHIOIOTBCS IIPH
36inbureHHs 100yTKy Bq’ (q — KoedimieHT Gesmnexu
Tokamaka). Lle cTumymioBaIO BWKOHAHHA IaHOI
pobotu, ae po3rsiHyTO Aectadimizaimiro [AM-Monu
B m1asmi 3 BucokuM THcKoM (B’ < 1) mpomiTHIME
SHEPriHHUMH 10HaMH. PO3TIIsIHYTO SIK BUIAJOK Bif-
HOCHO MaJIOro THCKY €HEepriiHuX 10HIB, KOIH P, ~ B
(Bn — BiOHOILIEHHS TUCKY €HEPTiiHUX 10HIB 10 TUCKY
MarHiTHOTO TIOJIS), TaK i BUOAAOK 3 Py ~ B. Y mep-
[IOMY BHUNAIKy aHali3 MPOBEACHO aHAIITHYHO 3a
JOTIOMOT00 METOAY Teopii 30ypenb. BuBuenus apy-
roro Bumaaky, Tooto EI’AM-HecrTilikocTi, IpoBee-
HO YUCIIOBUM METOJIOM.

PesynbraroM po0OTH CTalo BUBCICHHS PIBHSHD,
mo omucytoTh EI’AM-konvBaHHS B IUia3Mi 3 BHCO-
KUM [} TIp¥ HasBHOCTI MPOJIITHUX €HEPTiHMUX 10HIB.
ITokaszamo, 1o miIa3Ma 3 KOIHKEKIICI0 € OlIBII CTii-
KOI0, HIJK 3 KOHTpiHXeKIi€er. J[ns Bunaaky Oe3 3aue-

I[OPIUHUK - 2012

rierHs (00) 3 (20) rapMOHiK, OTpUMaHO 3MEHIICHHS
YacTOTH MOJM TP 30iTbIICHHI TMOIMYJIAIil eHepriii-
HUX i0HIB. Po3paxoBaHo KOJIMBAHHA Y IIa3Mi 3 BUCO-
KHAM THUCKOM Ha 0a3i oTpuMaHUX PiBHSHbB. Pe3ynbTaTi
PO3paxyHKIB MPEICTaBICHO Ha PUCYHKY.

0.9 5 — 0.25
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o
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lnkun xontunyyma EI'AM 3a pisHux ymoB. ['inmku, mo
CMajaloTh, — yactora. ['iJIKu, 110 3pOCTal0Th, — IHKPEMEHT.
Bianosianicts 3a kosmbopoM. [inku [ - 3 — KOHTp-
IDKeKIst; 4 — koimkekmis. [ - y, = 0,8, ps/r = 0,1;
2 -%=0,5, p/r =0,1; 3 - 4,= 0,5, py/r =0,03; 4 - 5, =
=0,8, po/r=10,03; y, — MTY-KYT My4Ka IMBUAKAX TACTUHOK.

Jlo IpyKy TOTyeThCS CTATTs, Jie BUKJIAJCHO OIHU-
CaHi TYT pe3yJIbTaTu Ta MOJAHO JleTajJbHEe BUBEICH-
Hs piBHSHB. KpiM TOTO, Ii pe3yibTaTh JOTOBIANIH-
¢ Ha HaykoBiii koH(pepeHtii I[HCTHTYTY saepHUX
nocmimkenb HAH Ykpainu (Kuis, ciuens 2013 p.).

1. C.J. Boswell et al., Phys. Lett. A 358 154 (2006).

2. R. Nazikian et al.6 Phys. Rev. Lett. 101, 185001
(2008).

3. G.Y. Fu, Phys. Rev. Lett. 101, 185002 (2008).

4. O.P. Fesenyuk, Ya.l. Kolesnichenko, and Yu.V. Ya-
kovenko, Plasma Phys. Control. Fusion 54, 085014
(2012).
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SUPPRESSION OF THE ALFVEN CASCADES
DURING ELECTRON CYCLOTRON RESONANCE HEATING

V. S. Marchenko

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

Electron cyclotron heating (ECRH) and current
drive (ECCD) serve as an efficient tool for the con-
trol of MHD instabilities in modern tokamaks. The
reason is a unique property of ECRH/CD — the very
narrow deposition profile (full width at half-
maximum ~ few c¢m in current experiments). In par-
ticular, suppression of the neoclassical tearing mod-
es by ECRH/CD is now well documented [1], and
recently the amplitude of the harmful ‘monster’ (i.e.
fast ion stabilized) sawteeth has been successfully
reduced by ECCD [2]. There is also an interesting
report from TCV tokamak on the nonthermal effect
of ECRH on the edge localized modes [3].

In 2008 DIII-D experiments have demonstrated
one more possibility of control with ECRH [4]. In
discharges with reversed magnetic shear, an impor-
tant class of the fast ion driven instabilities, the so
called Alfven cascades (ACs) [5], have been sup-
pressed when ECRH was deposited just inside of the
magnetic surface with minimum safety factor, ¢,
(Figure).

legy (P

1 {kHz)

1{kHz)

300 400 500 600
Time {ms)

Spectrogram of the reflectometer signals for ECRH depo-
sition on-axis (a), just inside of the g,,;,, — surface (b), and
just outside of the g,,;, — surface (c). The Alfven cascades
(bright spectral lines with upward frequency sweeping)
are suppressed only in (b).

In despite of the 5-year age of this experiment,
suppression mechanism remains unclear. In the pre-
sent work it is shown that the horizontal polarization
of the plasma during ECRH [6] can suppress ACs
via formation of the potential ‘hill’ in the

eigenmode equation. Taking into account modifica-
tion of the cross-field drift and associated kinetic ion
compression, this equation takes the form

%(S+x2)d§;’” -(s+x'-0)®, =0, (1)

where § is the eigenvalue and Q is the parameter of
the potential ‘well’. Analysis of Eq. (1) reveals that
discrete spectrum exists only when QO > 1/4. There-
fore, the robust condition for AC suppression is
O < 0, which is possible only when (i) ECRH is
deposited inside the ¢,;,, — surface (consistent with
experiment) and (ii) the amplitude of the right-hand
polarized component of the ECRH electric field, E.,
exceeds the critical value given by

m, R, ®

1

; 2

ci

where Vgc = cE. /By with B, the equilibrium mag-
netic field, 7 is the plasma temperature, (o) = qo, Mm;
is the ion mass, Lyc = (dInE’*/dr)”" is the gradient
scale length of the ECRH deposition at ry, which
must be negative for suppression, R, is the tokamak
major radius, v, is the electron collision rate, and w,;
is the ion gyro-frequency. For parameters of the
experiment [4], Eq. (2) yields E“ = 50 V/cm, a
fairly low value for the ECRH power density pecry =
2 W/em® used in the experiment [4].

In summary, the piling up of the negative charge
at the low-field side of the tokamak during ECRH
(horizontal polarization) strongly modifies the ki-
netic ion response to the Alfven wave. This leads to
(i) enhancement of the compressional gap in the
Alfven continuum and (ii) suppression of the Alfven
cascades under conditions consistent with DII-D
experiment [4].

1. G. Gantenbein et al., Phys. Rev. Lett. 85, 1242 (2000).
2. LT. Chapman et al., Nucl. Fusion 52, 063006 (2012).
3. J.X.Rossel et al., Nucl. Fusion 52, 032004 (2012).

4. M.A. Van Zeeland et al., Plasma Phys. Control. Fu-
sion 50, 035009 (2008).
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®OKEP-ILVIAHKIBCbKA MOJIEJIb JIJU®Y3IMHUX BTPAT IIBUJAKHAX IOHIB
Y TOKAMAKAX

B. O. SIBopcbkuii'?, B. 5I. Fosto6opoabko’?, A. Mocksitin®, K. [llondg*

! Inemumym soeprux docnioncens HAH Vipainu, Kuis
? ITnemumym meopemuunoi izuxu Incopyyvkoco ynisepcumemy, Incopyk, Ascmpis
3 Xapriscokuil nayionanvuuii ynieepcumem in. B. H. Kapasina, Xapxie

JeranbHe MOJIEIIOBaHHS MTPOCTOPOBHUX Ta LIBH/I-
KOCTEBUX PO3IOJiNIB BTPAT IIBUAKHX 10HIB Y TOKa-
MakKax Ba)KJIMBE ISl MPOTHO3IB TEIUIOBUX HaBaHTa-
JKEHb Ha TIEpITy CTIHKY B MaWOyTHIX peakTopax
TOKaMa4yHOTro THIly. BOHO Takok He0OXimHe s
inerTudikamii Ta iHTepHperanii MexXaHi3MiB BTpaT
MIBUIKAX 10HIB Y cydacHHUX Tokamakax [1, 2]. Sk
MPaBWJIO, BIATOBIMHI YKMCEIbHI PO3paxyHKH 0Oa3y-
Thcss Ha Monre-Kapno migxomax [3, 4] abo Ha
CIPOIIEHUX MOJENAX MPOCTOPOBHX PO3MOALIIB [5,
6] 1 3a0e3meuyroTh JINIE SKICHY, a HE KUIBKICHY
iHpopmManito mpo BTpaTH. MeToro AaHOi poOOTH €
PO3BUTOK (OKEP-TUIAHKIBCHKOTO MiXOAY IS J1eTa-
JIFHOTO KUNBKICHOTO MOJEIIOBAHHS KIACHYHHUX [H-
¢y3ifiHUX BTpaT EHEeprifHMX IOHIB B aKciajabHO-
CUMETPUYHUX TOKaMakax, TOOTO BTpaT 0OyMoOBIie-
HUX 3ITKHEHHSIMHU 13 YaCTUHKaMH OCHOBHO{ ILIa3MHu.

3pyYHHMH JIarpaH)KEBUMH KOOpPIMHATAMHU IS
KIHETHYHOTO ONHMCaHHS YaCTHHOK, L0 BTPAdalOThCs
i3 IT1a3MU TOKaMaka 3a paXyHOK KYJOHIBCHKUX 3iTK-
HEHb, €. CHEprisd YacTHHKH E, mTd-KyT & Ta IMOJIOi-
JabHUN KYT ¥ Ha MepIIiil CTiHII TOKamMakKa, a TaKoxX
kyT 0 <0 <27, m10 3a7a€ MOJOKEHHS YaCTHHKH Ha
opbiti. Y Bka3aHux 3MiHHUX piBHAHHS Doxepa -
[Inanka s i0HIB, IO BTPAyYalOThCS HA CTIHKY Ka-
MepH, Ma€ BATII [7]

90,f =g ""0xg" (d+Dog)f, (1)
ne g — sko0iaH mepexony Ao KoopauHat Jlarpanxa;
d Ta D — TpaHCIOPTHI KO€(ILiEHTH KIACHYHOTO
KOHBEKTUBHOTO Ta AU(Y31iHOr0 MepeHocy MmpH Bil-
cyrHocTi MI'/] 30ypens. Y piBHsHHI (1) 3HEXTyBaHO
CITabKUM TiepeHocoM 1o £ Ta & TOpiBHSIHO 3 epeHo-
COM I10 TOJIOIANBHOMY KyTy y. PyHKIis posminy f
Ma€ 3aJ0BOJIBHSITH TIOYATKOBIH Ta rpaHUYHIA yMOBi

1(9.2)),,=0. f(9.2)_,=A(9). @

ne fi — dyHkiist posmoainy nepudepiiHux i0HIB 3
opbitamu, 10 JOTHYHI A0 cTiHKH Kamepu. Ha pucy-
HKY NPEACTABICHO PE3YJIbTaTH YUCEIbHUX PO3paxy-
HKIB IS IEHTPOHIB 1HXKEKIIil, 0 BTPAdarOThCS 3a
pPaxyHOK KJIacH4HOI panianbHOi audysii 3 mia3Mu
tokamaka JET i3 @ = 0,95 M, R. = 2,95 M, n(0) =
= ni(0) = 0,7 - 10" M, ne(a) = m(a) = 0,2 - 10" M7,
T«(0) = Ty(0) = 5,0 xeB, T.(a) = Ti(a) = 1,0 keB.
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Bukopucrana Mojenb 1ojs i3 madpaHiBCbKUM 3CY-
BoM 0,2 M, enintuunictio k(0) = 1,3, k(a) = 1,7, Tpu-
kyTHicTIO 0,15 Ta cTpymom y turasmi [ = 2,5 Ma.

X, pal

o EREY o,z 0.3 .4 0.5 0.5 o.7 o.8 o9 1

Vi/V =cosy,

OyHKIis po3noairy aedTpoHiB 3 eneprieto 130 xeB Tta
(0 < VWV < 1), mo BTpa4yarThCs 32 PaxXyHOK KJIIACHYHOT
panianboi augysii (6epx) Ta po3MOIIT MOTOKY LUX iOHIB
IO TIOJIOINAIEHOMY Ta IMTY-KyTax (Hu3).

Sk BUAHO 3 pucyHKa, Au(y3iiiHi BTpaTu IeiTpo-
HiB imkekii B Tokamari JET jmokanizoBaHl B JOCUTH
BY3bKill 00JacTi monoinanbHuX KyTiB ~ 20° B okomi
€KBaTOPiaJIbHOT MJIOMIKHH.

BucnHoBku pobotu:

1. YV npetidoBomy HaOmkeHHI (QyHKIIsST po3-
MOJITY MIBUIKHUX 10HIB, IO BTPAYAIOTHCA 33 Paxy-
HOK KJIACHYIHOI pajgianbHOi mudy3ii, omucyerses 1D
y mpocTopi iHBapiaHTiB pyxy 1D mo nomnoinansHoMy
KyTy piBHsAHHAM Doxepa - [Inanka.

2.  Jlmdy3ifiHi BTpaTH IMBUAKUAX 10HIB y TOKa-
Malli JOKaJi30BaHl B JIOCUTh BY3bKiii 00JaCcTi HOJI0i-
JAIBHUX KYTiB B OKOJIi €KBaTOpiaJIbHOI TTOLIHHH.
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3. T. Kurki-Suonio et al., Nucl. Fusion 49, 095001
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4. K. Shinohara ef al., Nucl. Fusion 51, 063028 (2011).

5. V. Goloborod’ko, V. Yavorskij, Nucl. Fusion 29,
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IIUPUHA PE3OHAHCIB IPU B3AEMO/II BUJAKUX IOHIB
13 MHOXKUHHUMHU AJb®EHOBUMM HECTIHKOCTSMH

M. I'. Tumenko, IO. B. SIxoBenko

Incmumym si0eprux docnioncenv HAH Yrpainu, Kuig

IIpocTopoBe KaHaOBaHHSA CHEPrii iOHIB — TIIe
HEIIOJAaBHO BIJIKPUTE SIBHUINE, IO IOSICHIOE aHO-
MaJbHI BTPaTH €HEPrii B HEAKHX TEPMOSICPHHUX
eKCTIepUMEHTax. 30KpeMa, B CKCIePUMEHTaX Ha
chepuuHoMy Tokamaimi NSTX cmocrepiranocs Ha-
CTYITHE: MPH 301IbIIECHH] MOTYXKHOCTI 1HXEKI[iT HeW-
TPaJbHOrO TMyYKa TEMIepaTrypa B LEHTpalbHii 00-
JIACTi TUIa3MHU HE 3MIiHIOBaJlach, a MOJEKYIHW HaBiTh
majgana [1].

A

tigag

1
|
|
|
i
I
' i
I
FL, r

Yacrora GAE-Moau (ropu3oHTallbHA JIiHIS), TUIKK aibd-
BEHOBOI'0 KOHTHHYYMa 3 HOMEepaMHu Mof m, n Tam + 1, n
(xpuBi 1, 2), papiansHui Ipodiss Mydka ioHiB (KpuBa 3).
INokazano xanamoBanHs eHeprii GAE-momoro: mona
BiOMpae eHeprito y mydka iOHIB IepeBaXHO B o0JacTi
r<rp, aje BiJiae CHEPril0 ENeKTPOHAM Yy pe3yJbTaTi
KOHTHHYYMHOT'O TaMyBaHHS B O0JIACTI 7 = 7.

ExcnepiMeHTaTOpu NMOB’SI3aJIK TiACKIICH] BTPaTH
SHeprii 3 MIa3Mu 3 aKTHBHICTIO MHOXXHHHUX BHCO-
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kogacToTHUX (f ~ 1 MI'T) Mon, imeHTH(IKOBaHUX K
GAE. V¥V po06oti [2] BTpaTtu eHeprii 0yJ0 MOsSCHEHO
NPOCTOPOBUM KaHAIIOBAaHHAM €HEprii LIBHIKUX
10HIB — XBWJI BiIOMpalOTh €HEprifo BiJ MIBUAKHX
iOHIB 1 BigmaloTh ii B IHIIOMY Micli (PHCYHOK).
YMOBHU e(EKTHBHOTO KaHAJIIOBaHHS: €HEprisl XBUJIb
MIOTJIMHAETHCSL HE TaM, Je BOHA 30Yy/UKYyeThcs (Ha-
MPUKIaa, KOHTUHYYMHE TaMyBaHHS); XBHJI 31aTHI
BiZliOpaTH 3HaYHY YaCTKY CHEpril CTpyMeHsI.

Y poboTi HOCTiIKYIOTECS YMOBH, 3a SKHX Tepe-
KPHUTTS pE30HAHCIB YaCTHHKH 3 KITbKOMa aJb(pBEHO-
BUMH MOJIaMU Bejie 10 (opMyBaHHS IIMPOKOTO EHe-
PreTHYHOTO Jiamna3oHy, B SKOMY PyX YacTHHKU €
CTOXaCTUYHUM. Y TaKOMYy BHITQAKy nu(y3is dacTh-
HKH Yepe3 110 30HY BiOyAeThCs MIBUIKO 1 YACTHHKA
BiJIIACTh CHEPTiI0 XBUJISIM, a HE II1a3Mi.

[pumyckatoumn, 1m0 MUKIOTPOHHI PE30HAHCH Bifl-

CYTHI 1 XBWJIS € anb(BEeHONOAIOHOIO (30ypeHHs |B

b

1, OoTKe, Apeii(oBi IIBUAKOCTI HEXTOBHI) MOXHA
omiHuTH, MO S5 - 10 Mom 3 amIUITYyZaMH
B/B~5-10"° pmocraTHhO, 06 CTOXACTH3yBaTH
iHTepBan eHepriii Bix 45 no 90 keB i1 Takum ynHOM
BiiOpaTH TOJIOBUHY €HEpTii B iH)KEKTOBAHMX 10HIB
y NSTX. AHaJliTU4HI OI[IHKU MTOKa3yIOTh, 110 B €KC-
nepuMenTax Ha NSTX BHKOHYIOTBCSI BCi YMOBH JUIS
TOTO, MO0 TEepeHeCEeHHs eHeprii XBIWIAMH (IIPOCTO-
pPOBE KaHAJIIOBaHHS) POOMJIO ICTOTHUI BHECOK B
eHeprodanaHc.

1. D. Stutman ef al., Phys. Rev. Lett. 102, 115002
(2009).

2. Yal. Kolesnichenko et al., Phys. Rev. Lett. 104,
075001 (2010).
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RADIATION PROCESSES IN TURBULENT PLASMA
WITH ION TEMPERATURE ANISOTROPY

V. N. Pavlenko, V. G. Panchenko

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

It is known that when the electromagnetic waves
propagate through the plasma, a substantial fraction
of the radiation is transformed or scattered [1]. By
launching a beam of radiation into plasma and col-
lecting some transformed (scattered) radiation, a lot
of information about the plasma properties may be
obtained. Particularly, the spectral distribution of the
transformed radiation is defined by the fluctuations
spectra. This allows to restore the spectrum of the
plasma turbulence through the transformation or
scattering cross-section.

In the present paper [2] on the base of kinetic
theory fluctuations the transformation of longitudi-
nal Langmuir wave into the transverse electromag-
netic wave in turbulent plasma with ion temperature
anisotropy is studied. Transformation coefficient is
obtained when the ion-cyclotron waves are excited
by lower hybrid pump. The intensity of transverse
wave”’s radiation from such plasma is found to de-
pend on ratio between the parallel and perpendicular
ion temperatures.

The intensity of such radiation is connected with

the transformation coefficient d ZHZ by the rela-
tion [2]

dKdo
1=V [[a, S Goan M

where S is the energy density fluctuations.
The plasma with an anisotropic distribution of
the ion velocities has such distribution function

TLi mivii
AQ(T) p( o7

Hz Li

2
"y

2T,

We suppose that the plasma is subjected to a

magnetic field EO =B,Zand a pump wave electric
field E, = E,ycosm,t .

We study the case when the pump frequency o,
the lower hybrid frequency

lies in region

[IOPIUHUK - 2012

1/2

@, ~ @y = 0, (1+(m, /m,)cos’0)"?, o, ~ @, -

Here o, is the Langmuir frequency of particles of

type o, a=e,i, and O is the angle between the

direction of wave propagation and the magnetic
field.
Consider the pump wave decay into lower hybrid

o, and ion-cyclotron waves o [3]:
_ M
W) =0y +0° 7, (2)

where the frequency and the damping rate of ion-
cyclotron oscillations are determined by [3]:

o =Q1+4,8,,)
3)
A

N 2kzvl2 )
(i

YO = (E)l/z AT,

2 kv

exp(

In 3) 4,B,)=1,B,)e"™, where I, is the
modified Bessel function, and B, ~ (kp,,)’ > 1.

Using the fluctuation-dissipative theorem, carrying
out the integration over &’ and taking into account (3)

finally we obtain the dependence of the radiation
intensity on the ionic temperature anisotropy:

1

3/2
TL[

T.
I~ i \3/2
(—T )

Li

(4)

q
exXp(—) .
M%)

Thus, by varying the relation between the ionic
temperatures it is possible to change the intensity of
electromagnetic wave energy radiation from the
plasma.

1. A.IL Akhiezer, I.A. Akhiezer, R.V.Polovin et al.,
Plasma Electrodynamics (Pergamon, Oxford, 1975).

2. V.N. Pavlenko, V.G. Panchenko, Physica Scripta,
2013, to be published.

3. H. Wilhelmsson, V.N. Pavlenko, and V.G. Panchenko,
Physica Scripta 44, 599 (1991).
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HYDRODYNAMIC REDUCTIONS OF THE KINETIC PLASMA THEORY MODELS
AS A TOOL ENABLING FINDING OF CONTINUOUS SYMMETRY TRANSFORMATIONS

V. B. Taranov

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

Kinetic plasma theory is based on the integro dif-
ferential systems of equations for particle distribution
functions and self consistent fields. Continuous sym-
metry transformations of these systems determine the
form of possible invariant solutions which depend on
the less number of variables and describe some as-
ymptotic states of the nonlinear models considered.

These symmetries can be deduced from the
groups of symmetry of the corresponding infinite
systems of partial differential equations for the mo-
ments of distribution functions. This method leads,
however, to the cumbersome calculations, especially
in the spatially 3D case. In addition, infinite systems
of equations cannot be solved by computers. To
simplify the problem, we can consider hydrody-
namic reductions of the kinetic models.

Cold plasma solutions of the kinetic plasma the-
ory models form the most symmetric submanifold.
On this manifold the infinite system of partial differ-
ential equations for the moments of particle distribu-
tion functions is reduced to the finite system deter-
mining particle densities, main velocities as well as
electric and magnetic fields. Continuous symmetry
transformations in this case can be found by the
standard Maple programs. Then, corresponding
symmetries of the general kinetic theory can be de-
duced. Different spatially 3D kinetic models were
considered in the above described way in [1].

However, cold plasma model can be much more
symmetric than the general kinetic theory, as it was
shown in [2] for spatially 1D dimensional electron
plasma oscillations and the upper hybrid waves. It is
hard to restore kinetic symmetries from the infinite
dimensional Lie groups in this case.

So, we must consider less symmetric hydrody-
namic reductions. For example, oscillations in the
plasma composed of N cold electron beams (N > 1)

Fltox) =3 (6000 u, (1))

are described by the system of partial differential
equations which symmetry group was found in [3]
by the use of Maple programs:

MR
Ot Oox

o 0 . Y, 0
X, =cos(t)| —+— |- sin(¢) ) —,
3 ()(Gx an 1();&,

i
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) o 0 Y0
X4 :Sln(l‘)(a+a—Ej+ COS(f)ZE,
i=1

i

ox ‘I

This usual Lie group of symmetry allows us to
reconstruct continuous symmetries of the general
kinetic model, which were found previously via the
symmetries of an infinite system of equations for the
moments of distribution functions.

As usual, plasma evolution is determined by the
interactions of many different stable and unstable
waves, so we are interested in the solutions close to
some background equilibrium state. Background
solution must belong to symmetric solutions of the
model. That’s for the symmetry of the plasma theory
models is usually reduced. For example, electron
plasma oscillations close to the background state
with a finite constant temperature are less symmetric
than in a cold plasma case. To obtain the reduced
symmetry group we can consider another hydrody-
namic reduction, so called water-bag model:

J(6x,v) = £, (0 —u, (2, x)) = 0(v —u, (2, X))).

In terms of the plasma density and its main velo-
city

n(t,x) = f;)(uz(tﬂ X)) - Ml(t,X)) s

u(t,x) = %(uz(r,x)) Fuy(1,))

the symmetry is now determined by the operators
X, to X, with N = 1. Scale transformation X is

missing since it connects the states with different
background temperatures.

Multi beam solutions helped us also to clarify the
general properties of the soliton gas kinetic theory
[4] in the attempt to generalize Zakharov theory of
the rarefied soliton gas.

1. V.B. Taranov, in Proc. of the 6" Int. Conf. “Electro-
nics and Applied Phys.” (Kyiv, 2010), p. 160.

2. V.B. Taranov and Z.J. Zawistowski, J. Tech. Phys. 44,
No. 3, 303 (2003).

3. V.B. Taranov, in Proc. of the 8" Int. Conf. “Electro-
nics and Applied Phys.” (Kyiv, 2012), p. 191.

4. M.V. Pavlov, V.B. Taranov, and G.A. El, Teoret. Mat.
Fiz. 171, No. 2, 675 (2012).
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HELICON PLASMA ACCELERATION BY PONDEROMOTIVE FORCES
RELATED TO THE HYBRID MODES

N. A. Beloshenko', K. P. Shamrai', S. Shinohara®

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
? Tokyo University of Agriculture and Technology, Tokyo, Japan

Helicon plasma sources are most efficient in
plasma production among a variety of other rf
sources and, for this reason, are extensively studied
for developing the plasma thrusters for space propul-
sion. In thruster schemes proposed so far, the heli-
con source normally serves only for producing a
dense plasma, which is then accelerated by the out-
side means. In the VASIMR scheme [1], the ICR ion
heating is used in combination with the magnetic
nozzle. In the helicon-Hall scheme [2], the ions pro-
duced by the helicon discharge are accelerated by a
dc electric field. Meanwhile, it is pertinent to con-
sider the inside acceleration mechanisms that can
arise from interactions with particles of the electro-
magnetic waves intrinsically excited in the helicon
plasmas. In this work, we analyze a scheme of heli-
con plasma acceleration by ponderomotive forces
generated by the wave fields.

Eligible drivers for this scheme are the hybrid
modes that can be excited in a radially nonuniform
plasma column and are formed by coupled helicon
and quasi-potential  (Trivelpiece - Gould, TG)
waves. These modes exist in the range of axial wave
numbers that is determined by the condition
k,<k,=2 (oo/c)(mpo /(x)ce) (w,, is the plasma
frequency at the column center where the density is
maximum, n(r)=n,), under which the surface of
mutual conversion of the helicon and TG waves,
=n,(k,/k,)*, fits in the plasma bulk.
The hybrid modes possess strong electric field,
which are much stronger than those of the usual
helicon modes, owing to both the presence of a sub-
stantial potential component and the effect of non-
uniform plasma polarization. For this reason, these
modes can produce intense ponderomotive effects.

The spectrum of radial eigenmodes, computed
for a compact, 10-cm-diameter helicon plasma, is
shown in Fig. 1. The first radial mode is the least
damped and, as the analysis shows, is just the hybrid
mode, whereas the rest of modes are strongly
damped, almost pure TG modes. The radial profiles
of the rf electric field components for this mode,
which are shown in Fig. 2, demonstrate that the ra-
dial electric field is concentrated closer to the
plasma boundary, and is intense even at a moderate
magnitude of the B, field.
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Fig. 1. The spectrum of radial eigenmodes in a compact
helicon plasma. o/2n=7 MHz, ny=2 - 102 em™, By =
=100 G, and p4, = 20 mtorr.
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Fig. 2. Radial profiles of the rf electric field components
for the first radial mode, at |B_|n.x = 1 G.

A specific ponderomotive force from the mode
fields is: f =—mn((¥V)¥+(1/c)(¥xB)), where ¥

and B are the oscillatory electron velocity and the
wave magnetic field, and angular brackets denote
time averaging. This force draws electrons along the
ambient magnetic field. An arising charge-
separation dc electric field is applied to ions to form
a thrust force. An integral ponderomotive thrust
force is found to exceed an integral thermal force
from the electron pressure gradient (= 2 mN) at the
moderate wave amplitude, |B.|n.x = 1.5 G. It grows
quadratically with the mode amplitude and, thus, can
be an efficient driver for plasma acceleration.

1. F.R. Chang Diaz, The VASIMR rocket. Sci. American
283, 90 (2000).

2. R.A. Martinez, W.A. Hoskins, P.Y.Peterson, and
D. Massey. Development status of the Helicon Hall
thruster. In Proc. Int. Electric Propulsion Conf. (Ann
Arbor, USA, 20 - 24 Sept. 2009) IEPC-2009-120.
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EXCITATION OF A ROTATING POTENTIAL FIELD IN A DENSE PLASMA COLUMN

. P. Shamrai’, T. S. Rudenko', S. Shinohara®, T. Matsuoka®, 1. Funaki’, H. Nishida
K. P. Sh i', T.S. Rudenko', S. Shinohara?, T. M ka®, I. Funaki’, H. Nishida®

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
?Tokyo University of Agriculture and Technology, Tokyo, Japan
3 Osaka University, Osaka, Japan
? Japan Aerospace Exploration Agency, Kanagawa, Japan

The efficiency of rotating field penetration into
plasma is crucial for development of the Lissajous
Helicon Plasma Accelerator in which a magnetized
plasma is accelerated with use of a set of powered
phased electrodes [1]. In the previous paper [2], the
scaling for the field penetration was deduced using a
1D plane model. In this work, we examine the prob-
lem in more realistic 2D cylindrical model.

A plasma column of radius R, immersed in an ax-
ial magnetic field B, is coaxial with a cylinder of
radius R > R, to which a potential —(Vy/2)cos(wz - 0)
is applied to produce in vacuum a uniform rotating
field of strength E, = Vy/2R. The width of the vac-
uum gap between the plasma column and the cylin-
der is chosen equal to electron excursion length in
the edge plasma field, R — R, = eE,(r = R,)/m®,.

With uniform plasma density, the plasma field is

uniform, and its amplitude, £, :EVZ(«/1+q —1)/q,
is similar to the 1D case, but the scaling parameter,
q=2eV,,/ mo’R’, is (0./o)* times larger. For

this reason, it is more difficult to satisfy the condi-
tion of efficient field penetration, ¢ << 1.

In a nonuniform plasma, due to bulk polarization,
the radial field is strongly enhanced at the plasma
edge, but almost vanishes at the center. Its peak
amplitude is E,(r = R,), and the field profile is char-
acterized by the radial half-width, or,, defined as
Ep(l" = Rp - 5]"1/2)/Ep(l" = Rp) =1/2.

Dependences of the radial field amplitude and
half-width on various parameters were computed for
a 5-cm-diameter plasma column with a parabolic
density profile, at a frequency @2z =13.56 MHz and
Vo=300V. As seen form Fig. 1, the peak field grows
rapidly whereas the half-width decreases slowly
with the magnetic field increase. Fig. 2 demonstrates
that the peak field decreases with density whereas
the half width is independent of it. Finally, one can
see from Fig. 3 that the field grows rapidly whereas
the half-width drops rapidly with nonuniformity
increase. In all cases, the edge radial field is much
stronger than the uniform plasma field, but the half-
width makes a few millimeters only.

Thus, a rotating electric field concentrates within
a narrow layer at the edge of a nonuniform plasma
column and penetrates poorly into bulk plasma.
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Fig. 1. The maximum value and the half-width of the edge
electric field peak, as functions of the magnetic field.
ny=1-10"2cm=>, Tedge/Mo = 0.2.
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Fig.2. The same, but as functions of the maximum
plasma density. By = 100 G, negge/no = 0.2.
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Fig. 3. The same, but as functions of the density nonuni-
formity. By=100 G, ng=1- 10" cm™.
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AZIMUTHONS IN A PLASMA WITH THERMAL NONLOCAL NONLINEARITY

V. M. Lashkin

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

The link between vortices and soliton clusters
was established with the introduction of a novel
class of spiraling solitons called optical azimuthons
[1]. Azimuthons appear via continuous azimuthal
deformations of a vortex soliton and are character-
ized by two integer indices: the topological charge /,
and the number of intensity peaks along the vortex
ring. It was demonstrated numerically [2 - 6] that the
family of nonrotating and rotating azimuthons is
continuously parameterized by the angular velocity
or, equivalently, by the depth of azimuthal modula-
tion of the condensate density.

We consider the following system of equations,
written in appropriate dimensionless variables

1(38_‘P+A Y+0¥Y =0,

a’0-A,0=|¥,
where A, is the transverse Laplasian. This system
describes the propagation in z-direction of the elec-
tric field envelope lP(x, y,z) coupled to the tem-

perature perturbation 6(x,y,z) in partially ionized

collisional plasmas. The parameter o’ stands for the
degree of nonlocality of the nonlinear response. In
the limit o’ >>1 the system reduces to the usual
nonlinear Schrodinger equation; the opposite case
a’ << 1 corresponds to a strongly nonlocal regime.
We look for stationary solutions in the form
Y (x,y,z)=y(x,y)exp(inz). After additional

rescaling one can set o’ =1, and a strongly nonlocal
regime corresponds to large values of the scaled
propagation constant p>>1. 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 (-4, /) (for
definiteness / > k). The general rule is: the structure
(azimuthon) has k£ + [/ peaks and k + [ + 1 singulari-

[IOPIUHUK - 2012

ties in the phase with £ + / singularities on the pe-
riphery with the charge m = 1 and one singularity at
the center with the charge m = jk so that the total
topological charge is m,, = k + [ - k = [ (alterna-
tively, the structure can be characterized by the topo-
logical charge m,,, = [ and the number of peaks N =k
+ + /) . Some of the azimuthon solutions are pre-

sented in Figs. 1 and 2.
(@

Fig. 1. 3-peak azimuthon (-1, 2). It is seen 4 singularities
in the phase: 3 on the periphery with the charge 1 (blue-
red) and 1 singularity at the center with the charge -1

(red-blue). The total charge is 2.

Fig. 2. .5- peak azimuthon (-1, 4). It is seen 6 s1ngular1t1es
in the phase: 5 on the periphery with the charge 1 (blue-
red) and 1 singularity at the center with the charge -1
(red-blue). The total charge is 4.
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JOCIIKEHHS BIVIMBY INIOTEHHIAJIY TOPHEBOI'O EJIEKTPOJA
HA BJIACTHUBOCTI IIVIASMHU TI'EJIIKOHHOI'O /UKEPEJIA 3 IINIAHAPHOIO AHTEHOIO

B. M. Cno6oasin, JI. 1. Pomaniok, B. @. Bipko, K. I1. Hlampaii

Incmumym si0eprux docnioncenv HAH Yrpainu, Kuig

HeBix’eMHUMH elleMEHTaMU TENIKOHHUX JDKEPE
IUTa3MH 3 IUTAHAPHOIO aHTEHOIO € MeTaneBa IIiH]-
pUYHA Kamepa Ta TOPLEBHA METaIEBUIl E€NeKTpO,
SIKU OOMEKY€ CUCTEMY B TIO3JI0B)KHBOMY HAIPSIMKY
1 B TEXHOJIOTIYHUX MPHUCTPOSX BUKOHYE (YHKIIIIO
CTOJIUKA Uil PO3MIIIEHHS O0OpOOIIOBaHUX 3pPa3KiB.
Y Toif yWac SK TOTEHIan KaMepH MiITPUMY€EThCS
HE3MIHHUM (K TIPaBWIIO, 3EMIITHAM), TOTCHITIal
TOpIEeBOro enekrpoaa Upnp MOXKe OyTH TIABAIOUYUM
(V) abo BapiroBaTHCh y MEBHUX TPAHULAX. Y JaHIN
po6OTI 3’SICOBAaHO 3aJIEIKHOCTI TUIABAIOYOTO TTOTEHITI-
aJly TOPIIEBOTO EJEKTPOJa BiJl PEXKHMY PO3pSIy Ta
BIUIMB TMOTEHIially 3MIiLICHHS IIOTO eNeKTpoJa Ha
XapaKTEPUCTUKH PO3PSAY Ta BIACTHBOCTI IIA3MHU.

ExcriepuMeHTaIbHUN TPUCTPIit SABIISIE COOOIO 1TU-
JTHAPUYHY METaJIeBY PO3PAIHY Kamepy AiaMeT-poM
20 cMm Ta moexkuHO 30 CM, 3 OJHOTO TOPIS OOMe-
JKEHYy KBapIIOBHM BiKHOM, 30BHI SIKOTO pO3MiIlIeHa
IuiaHapHa 30yJDKyBallbHa aHTEHA, [0 JKUBUTHCS Bij
BU-renepatopa wactotu 13,56 MI'l Ta moTy>KHOCTI
10 2 kKBT. 3 mpoTHiexXHOTo TOPIS KaMepa oOMexke-
Ha eJIEKTPOJIOM JiaMeTpoM 15 cM, Ha SIKUH 1OJIa€Th-
cs1 Hampyra 3mimenHs (1o -100 B). MarnitHe nose
(mo 250 I'c) CTBOPIOETBCS YOTHUpPMa COJICHOITAMH 3
He3aJe)KHO KEPOBaHUMH CTpymamu. Pobounmii ra3 —
aproH MpH TUCKY AEKUIbKa MTOpP.

JlociimkeHo 3alekHICTh MJIaBalovoro MOTeHIia-
Jy TOPIIEBOTO ENEeKTPOAa-CTOJHMKA BiJl BEITUYHHU
MarHiTHOTO TIOJIS MPHW BHKOPHCTAaHHI aHTEH DPi3HUX
po3mipiB. IlokazaHo, 10 He3aJeKHO BiZl PO3MIpiB
AHTEHU B JOCIIDKCHOMY Jliarla30HI MarHITHUX TOIIB
TUTABAIOYHMH TIOTEHIIIAN eJIEKTPO/Ia-CTONINKA € Hera-
TUBHHM 1 Jiocsrae HalHmK4Ioro piBHs (~ -20 B) mpu
BUCOKHMX MAarHiTHUX IMOJISIX Y PEXUMI 3 NPOBAJIOM
po(hiro TYCTHHY TIa3MHU Ha OCi.

JlocmimKeHo  BONBT-aMIIEpHI  XapaKTePUCTHKH
TOPLIEBOTO €JIEKTPOIa-CTOJIMKA B NIMPOKOMY Jiara-
30HI po3psaaHuX ymoB. [lokazano, mo npu BY-mo-
Tyx)HOCTI ~1 KBT iHTeTpaNbHWI 10HHUW CTPYM Ha-
CHUYEHHS HA TOPUEBHH EIEKTPOA MOXKE IEePEBHILY-
BaTu 2 A, 110 BiJINIOBi/Ia€ CepeHil I'yCTHHI 10HHOTO
cTpymy 10 10 MA-cM .

Jnst pizHuX KoHQIrypauiii aHTeHu MMoKa3aHo, 110
rmojiaya Ha eJEeKTPOA-CTOJIUK HEraTUBHOTO TOTEHIII-
ay mpu3BOAUTH 10 3Ha4HOTO (o 30 + 50 %) 3po-
CTaHHS 3arajbHOTO PiBHS TYCTHHU IUIa3MH, 30KpeMa
70 JNiKBijamii mpoBany paaiaJbHOro Mpogimo ryc-
THHH TIA3MH Ha OCI CHCTEMH, KUK peai3yeThCs B
oJTHOMY 3 pexuMiB [1] (pucyHOK). Y CTaHOBIICHO, 1110

3pOCTaHHS TYCTHHHU IUTa3MHU TIEPEBAKHO JIOKAJI3Y-
€ThCSI CaMe TaM, JIe Y 3BUYaHOMY PEKUMI PEECTPY-
€ThCSI TIOHW)KCHHS IJIABAIOYOT0 TMOTCHINATY 30HJA.
[lomaya HEeraTMBHOTO 3MIIIEHHS Ha TOPLEBUH eleK-
TPOJ HPU3BOAMTH 10 MOAaBIcHHs iHTeHcuBHOI HU-
HECTIMKOCTI, sIKa BJIaCTUBA JICIKUM PEXKUMaM JIOCIi-
JKYBaHOi po3psiiHOI cUCTeMHU [2].
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PanianeHi npodiai iOHHOTO CTPYMy HACHUEHHS Ha 30HI
NP IUIaBAlOYOMY Ta HETaTHBHUX IOTEHIlialax Ha Toplie-
BOMY €JIEKTpO/li; aHTeHa JliameTpoM 17,5 cM, THCK aproHy
3 mTop; BU-noryxHicts 1 kBT, MarniTae nose 170 I'c.

OtpuMaHi pe3yJbTaTH TMEPEKOHIUBO CBIiIYaTh,
IO BUSIBJIGHUH Y TOTEPEAHIX eKCIIEPUMEHTaX aHO-
MaJbHO HHU3BKMH TOTEHINiaNl TUIaBalOuoro 30HIA €
HACJIIJTKOM MPHUCYTHOCTI B IUIa3Mi 3HAYHOI TMOITYJIs-
il BUCOKOCHEPIeTUYHNX HEMaKCBEJUTIBCHKUX €JIeK-
TPOHIB, SIKi, BiJOMBAIOYNCH BiJ HETATUBHO 3apsiIikKe-
HOT'O eJIEKTPO/Ia, 3AIMCHIOIOTH JIOJJATKOBY 10HI3aIlI0.
Hocnimkene mxepeno 3ade3nedye iHTEHCHBHI TOTO-
KH 10HIB Ha TIOBEPXHIO 1 TOMY € TIEPCIIEKTUBHUM IS
3aCTOCYBaHHSI B TEXHOJOTISX OOpOOKH MarepialiB.
BapiroBaHHsI MOTEHIIaNy €NEKTPOIa-CTOIHKA MOXKE
OyTu eheKTUBHUM 3aCO00M KEpyBaHHS MapamMeTrpa-
MU IDIa3MH B TEXHOJIOTIYHUX MPHUCTPOSX Ha OCHOBI
TeNIIKOHHOI PO3PATHOI CHCTEMH 3 IUTAHAPHOIO aHTe-
HOIO.

Pobora Bukonana 3a cnpussHas YHTL[ (mpoekt
Ne 5713).
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BIIMB HAIIPYKEHOCTI EJEKTPUYHOI'O NOJISI HA PO3BUTOK HECTIMKOCTER
Y IIVIA3MI [HINIMOBAHUX IPOBIIHUKAMUW IMIIYJIBCHUX PO3PANIB YV PIIIMHAX

II. . Crapuuk, II. B. Ilopunbkuii

Tnemumym adeprux docniosxcens HAH Yrpainu, Kuig

3aMHUKaHHA 3a JIOTIOMOTOK) IIiHIHHUX MPOBiJ-
HHKIB MDKETIEKTPOIHAX TIPOMIKKIB TIPH iMITYJIbCHUX
po3psiax y pianHax (QiKCye MOJIOKEHHS PO3PITHHX
KaHaJIiB 1 cTabini3ye mpouec iXHbOro po3BuUTKY. [Ipu
IIbOMY CIIOCTEPITaeThCsS TPHUTHIYEHHS PO3BUTKY
30ypeHb y IUIa3Mi PO3PsIIiB 10 PO3MIPIB, HEIOCTYII-
HUX PEECTPYIOYii amapaTypi IpH MOYATKOBHX
HATPYKCHOCTAX EJNCKTPUYHOTO TOJsl B  PiMHAX
Ey > 1 kB/cwm. Tlpu Ey < 1 kB/cm 3acTocyBanHs mpo-
BIIHUKIB HE MEPEITKOIKAE IHTCHCUBHOMY PO3BUTKY
TypOyJieHTHOTO TepeMinryBaHHs. Ha prcyHKy HaBe-
JICHO KiJbKa 3HIMKIB IIa3MOBOT0O KaHaIy, IO Xapa-
KTEPU3YIOTh €BOJIOIII0 CTPYKTYpU 30ypEeHb MOBEp-

i

XHI PO3PSAIHOTO KaHATY MPH J0ACPKaHHI OCTAHHBOT
YMOBH. 3’sicyBaHHS PUYWH IIHOTO SIBHIIA J]A€ 3MOTY
YAOCKOHAIUTH iICHYI0YY MO/JICIb TIOIIOHUX PO3PSIIB,
YTOUYHUTH IXHi BJIACTUBOCTI, MiABHIIUTH €(eKTUB-
HICTh iIXHROTO BUKOPHCTAHHS HA ITPAKTHIII.

o mporieciB, MPUYETHUX A0 PO3BUTKY TiAPOAU-
HAMIYHUX HECTIMKOCTeH B IMIIyJIbCHUX pO3psaax,
nepedir sIKMX BHU3HAYAETHCS CIICKTPUYHUM IOJEM, Y
TIEpITy YepTy CIiJ BiTHECTH pyWHYBAaHHS iHIIIIFOIOYO-
ro MPOBIJHUKA Ta AMHAMIKY HArpiBy Iua3mu. AHaii3
BIUIMBY 3MiH IT0YaTKOBOT HAIIPYXEHOCTI €IEKTPHUYHO-
TO TTOJIA Ha IIi MPOIECH BUABHUB MEXaHI3MH, CIIPOMO-
KHI 3a0€3MEeYHTH MPOSB TaHOTO eeKTy.

-

o

COP-rpama po3BHUTKY IIa3MOBOT0O KaHaiy. [Hilitoroua BosibpamoBa qpotuHka aiamerpom 20 MM, Eg= 0,75kB/cm.

st oOTpyHTYBaHHS 3pOOJICHUX BHCHOBKIB OYJI0
MIPOBENEHO PO3PaXyHKH TEIOMI3UIHUX BIACTHBOC-
Tell (TEMIOEMHOCTI, MPOBITHOCTI, 130€HTPOMIYHOTO
koeilieHTa, B sA3K0CTI, KoedimieHTiB audysii) Oa-
TaTOKOMIIOHEHTHO! IUIa3MH ITIBOJHUX PO3PAMIB Y
MeXax TeMIlepaTyp 1 THUCKIB, IO CIOCTEPIratoThCs
pu 3MmiHiI Ey Bix 0,5 no 5 xB/cm. [lns BpaxyBaHHS
BIUIMBIB Ta30BOi 1 IJIa3MOBOI He1/1€albHOCTI Ta MiX-
YaCTHHKOBOI B3aeMoiii OyJjia po3poliieHa W 3acTo-
COBaHa PO3LIMPEHa Mpouenypa 00YHuCcIeHb Ha OCHO-
Bi Mmetony ['pena [1, 2].

3’sicoBaHO, IO TMPU 3MiHI TEMIEpaTyp IUIa3MH
pospaniB y mexax T = 8 + 12 kK, mo BinnoBinarots
3actocyBaHHO FEp < 1 xB/cM, TpoBigHICTh IIa3Mu
BOAM 3 JOMIIIIKAMH METAiB Ha TIOPSIKHA TICPEBHIILYE
MPOBIAHICT MJIa3MU 3 4YKMCTOI Boau. [lpu Oinbin BU-
cokux T (Ey > 1 kB/cM) i mpoBiTHOCTI 30MKYFOTHCSE
W BIIPi3HAIOTHCS Masio. B’sA3KicTh MIa3Mu B 3rajjaHo-
My BHIIIE Jliaria30Hi TeMIepaTyp TaKOX CYTTEBO Tepe-
BHIITY€ B S3KICTh Harpitoi mo 7> 15 kK mma3mu [1].

Taxuii xapakTep 3aneXHOCTi Bix 7 MPOBIAHOCTI
I1a3MH  3YMOBIIIOE TIJICHJICHHS Jii 30ypeHb, sKi
YTBOPIOIOTHCS 3aBSIKM HEOJHOPITHOMY pyHHYBaH-
HIO iHIIIIOIOYHUX PO3PSIIU MPoBiAHUKIB. [Jo mii razo-
KIHETHYHOTO THCKY 30ypeHb T'YCTHHH IUIa3MH TPH
LBOMY JOJA€THCS Hisi 30ypeHb MOHAEPOMOTOPHHUX

[IOPIUHUK - 2012

CHJI, 3yMOBJICHUX HEOJHOPITHICTIO PO3MOALTY TyC-
THHHU PO3PSIHOTO CTPyMy. Y pemTi po3mip 30ypeHb
npu Ey < 1 kB/cM nepeBuiye noporoBuii, HeoOXij-
HUH U1 pO3BUTKY peJiel - TeHIoPiBChKOT HECTINKO-
CTi, 1 TUTa3Ma po3psAmiB TypOymizyerhes. IlimBummena
B’S3KICTh IUIa3MH B JaHOMY BHIIQJKY JOJATKOBO
MIPUCKOPIOE Lieit mporec.

I3 3pocrannsM Ej iHILIIO0YI PO3pSau MPOBIIHU-
KM PO3MaJaloThCs HA BCE MEHIIN (parMeHTH. 3poc-
TaHHA OOYMOBJIGHUX HUMH MaJoMacIiTaOHHX 30Y-
peHb oOMexeHe MepexoJ0M Yy HeINiHIHY CTamifo i
IIBUJKO YIMOBIIBHIOETBCSA. [IporpiB miasMu 70
T > 12 kK Bukjrouae MexaHi3M eJIeKTPOMarHiTHOT
mifikaykd 30ypeHb, a BHCOKA TEIJIONPOBIAHICTD
IUIa3MM HIBEJIOE TXHIO aMIUTITYIy. 3amporoHOBaHE
MOSICHEHHSI PO3TJITHYTOTO SIBUINA TiATBEPKYIOTH
eKCTICpPUMEHTH 13 IITYYHHM YBEACHHSIM 30ypeHb.
SIK1Io OCTaHHI NEPEeBUIIYBATU MEBHHUN MOPOTOBUI
piBeHb. IxHili pO3BUTOK crocTepiraBcsi B3IOBK
YCBhOIO Yacy pO3psIiB.

1. P.D. Starchyk and P.V. Porytskyy, Problems At. Sci.&
Techn. Ser.«Plasma Phys.» No. 1(71), 140 (2011).

2. P.D. Starchyk and P.V. Porytskyy, Problems At. Sci.&
Techn. Ser.«Plasma Phys.» No. 6(82), 214 (2012).
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ELECTRON BEAMS FOCUSING BY PLASMA LENS WITH POSITIVE SPACE CHARGE

I. V. Litovko', A. A. Goncharov’, A. M. Dobrovolskij’, V. I. Gushenets®’, E. M. Oks’

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
? Institute of Physics, National Academy of Sciences of Ukraine, Kyiv
3 High Current Electronics Institute, SB Russian Academy of Sciences Tomsk, Russia

The electrostatic plasma lens (PL) is an axially
symmetric plasma-optics device with a set of cylin-
drical ring electrodes located within the magnetic
field region, with field lines connecting ring elec-
trode pairs symmetrically about the lens middle
plane. It is a well-explored tool for manipulating and
focusing high-current large-area, moderate energy
positive heavy ion beams where the concern of the
beam space charge neutralization is critical [1]. The
advances in plasma lens creation for positive ion
beam led to idea utilize PL with a positive space
charge cloud for focusing high-current negatively
charged particle beams. Recently [2, 3] we proposed
and explored a new original plasma-optical tool for
negative charged particle beams focusing and ma-
nipulating with a dynamic cloud of non-magnetized
free positive ions and magnetically isolated electrons
produced by a toroidal plasma source like an anode
layer thruster. In such kind systems the electrons are
separated from ions by relatively strong magnetic
field in the discharge channel. The accelerated ions
are weakly affected by the magnetic field owing to
their mass.

Here we describe the new experimental and
simulation results of wide-aperture (6 cm) non-
relativistic (up to 18 keV) intense (up to 400 mA)
electron beam focusing by the positive-space-charge
plasma lens. The plasma electron source based on
electron extraction from vacuum arc discharge with
hollow anode was used for generation of this beam.

Our preliminary lens modification [2] had restric-
tions due to momentum aberrations leading to double-
humped space charge potential distribution. The new
lens modification is a result of the further efforts to
eliminate these drawbacks. We optimized the mag-
netic field and simultaneously increased the positive
ions energy by use of the new pulsed power supply.

The experimental results for new modification are
presented in the Figure, a and b. Ones can see that PL
operation (curve 3) lead to focus distance decreasing
and additional beam compression in comparison with
only magnetic lens (ML) action (curve 2). The beam
current density at the focus increase up to 5 time as
compared with lens off and almost twice in case beam
focusing by magnetic field only. The focus distance is
15 cm for electron beam energy 10keV passing
through PL with anode potential 2.4 keV with accor-
ding to experimental measurements.
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The electron beam current density distribution: on the axis (@ — experimental data) and at the electrostatic lens focus
cross-section (b — experimental; ¢ — theory). I — Lens off and magnetic field absent; 2 — ML (the anode potential is

zero); 3 — PL with the same magnetic field.

The results of the computer simulation are shown
good agreement with experimental data. Focusing of
the electron beam by electrostatic plasma lens was
firstly separated from magnetic focusing experimen-
tally and the compression factor was up to about 5.
Obtained experimental results demonstrate the pos-
sibility to create a low-cost high-effective tool for
negatively-charged particle beam focusing without
influence of momentum aberrations.
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XAPAKTEPUCTHKH BY-PO3PANY, 3BYJKYBAHOI'O JIHIMHOIO THAYKIIMHOIO
AHTEHOIO B MATHITHOMY I10JII

B. ®. Bipko, B. M. Cioboasin, FO. B. Bipko, K. II. Hllampaii

Incmumym si0eprux docnioncenv HAH Yrpainu, Kuis, Ykpaina

IToganpmuii pO3BUTOK IIIA3MOBUX TEXHOJIOTIH
OB’ sSI3aHUK 13 HEOOXIIHICTIO OJHOPIAHOT 00pPOOKHU
MOBEPXOHb MaTepianiB yce Oinpmoi mmomri. Haii-
OLITBII palioOHAIEHUM MUIIXOM BUPIIIEHHS i€ Mpo-
OneMH € 3acTOCYBaHHsS JDKepesa IUa3MH 3 TYCTH-
HOI0, OJTHOPITHOIO B3JIOBX OJHi€el koopauHaTth. To-
I, pIBHOMIpHO TMEePEMIIIyI0YH TTOBEPXHIO B TIEPIICH-
TUKYISIPHOMY HANpsSMKY, MOXXHa TOCTIZOBHO Tij-
JaBaTH OJHOPIIHIN 00poOIli 00’€KTH 3HAYHOI ILIO-
. Buximaum ams takoi po3poOku moxke Oyt BYU
po3psid, mo 30yKYEThCS HAa a3UMYTaIbHO CHMET-
puuHiit (m = 0) MOJIi TETIKOHHUX XBWJIb KiJIbIIEBOIO
AHTEHOIO, PO3TAILIOBAHOI0 Ha TIOCKOMY IieJIeKTpH-
YHOMY BiKHI HEPIEHAUKYJISAPHO 0 MarHiTHOTO HOJIS
[1]. Y po3pobneHoMy jKepelti JBOBUTKOBA KiJIbIIEBa
aHTeHHa Oyia aedopMoBaHa y BHIOBKEHY METIIO 3
MNPSIMOTIHIMHAMU TTapaJIeIbHAUMU  TUTSTHKAME  JI0B-
xuHO0 30 cM Ha BigcTtadHi 3 ¢cM OAHA Bif OAHOI.
3aMicTh TIOCKOTO BaKyyMHOTO BiKHA MPSMOIIHIAHI
JUISTHKY aHTEHH OyITM PO3MIILEHI Y JBOX KBapLOBUX
TpyOKax (miamerpom 15 MM), TpOMyIIEHHUX Kpi3b
BaKyyMHHH OO’€M y BepXHIM YacTHHI MeTaleBOi
po3psimHOi Kamepu y (opmi kyba 3 pedpom 22 cMm.
TakuM YMHOM, aKTHBHA YAaCTHHA aHTEHU CKJIafajach
13 TBOX MPSAMOINIHIHHUX TPOBITHUKIB 13 MpoTH(A3-
numMu BUY ctpymamm, momiOHO a0 JBOMPOBIIHOT
TiHii, SKi cOMyYalrch MK co00I0 3a MEXaMH PO3-
psgHOTO 00’e€My. 30BHIIIHE MarHiTHe IIOJe, IO
CTBOPIOBAJIOCH JIBOMA MPSIMOKYTHHMH KOTYIIKaMH,
OyJI0 OJHOPITHMM y MEXKax KamMepu 1 CIpsSMOBaHO
BEPTUKAIBHO, MEPIEHANKYISPHO A0 TUIOLIMHU aH-
tean. Ilpm BY motyxkuocti 1 kBT Ha dactoTi
13,56 MI', tucky aprony 0,65Ila i MarHiTHOMY
noni 6mu3bko 5 MT ropinHs po3psay Oyio cTabifib-
He i BU moTyxkHicTh 100pe MOTrIMHANIACE Y TIIa3Mi.
BumiproBaHHS pO3MOALTY TYCTHHH 10HHOTO CTPyMY
Ha 30H] y3/I0BX aHTCHU Ha BijacrtaHi 12 cMm Big Hel
MOKa3aJIo, IO ICHYIOTh PEKUMH, B SKUX IUIa3Ma 10
1,5-2% € onmHOpIAHOIO Ha JOBXHWHI TOPSIKY
10 cMm. Y TOi1 jxe yac BUSBJIIEHO, IO MPH OJU3BKUX
napameTpax (He3HayHid 3MiHI TMOTY)KHOCTi, Yy3ro-
JDKEHHST 200 MarHiTHOTO TIOJIA) IIATO 3HHMKAE 1 MPO-
Gidb KOHICHTpAIl B3IOBXK BCIEl JIOBXKHUHU CTa€
HeomHOpiaHUM. {71t 3°sicyBaHHSI yMOB, HEOOXiTHUX
UL OEPKaHHA OIHOPIAHOTO HpOodinto, MOTPiOHI
monmanpmi  fmochimkeHHs. IloctymoBe 3poctaHHS

[IOPIUHUK - 2012

KOHIIEHTpaLii NpHu 301IbIIEHH] 30BHIIIHEOIO MarHi-
THOTO TIOJISI CYIIPOBOIKYETHCS 11 ESKUM CTPHUOKO-
MOAIOHMM 3MEHIIEHHSM 1 3aKiHIyE€ThCS ITOBHUM
3pHUBOM po3psiay. KpuTuuHi MaraitHi moss, mio Bij-
MOBIAfOTh UM CTPHOKaM, 3POCTAOTh MPH 3011b-
[IEHHI BUXIJHOI MOTYXXHOCTI reHeparopa. Taka mo-
BEJIHKA € XapaKTEePHOIO U PO3PSAIiB IBOTO THITY i
CIPUYMHSETECS, SK OyJO BCTaHOBJIECHO, 3MiHOIO
MTO3IOBKHIX MO CTOSYNX TSIIKOHHUX XBWIb [1]. Y
HAIIOMY BUIMAJIKy BHMipsHA 3aJIe)KHICTh 10HHOTO
CTPYMy Ha 30H] BiJl MATHITHOTO TIOJIsI BUSBJISIE JINIIIE
OIUH CTPUOOK KOHIEHTpALii, 110 BKa3ye Ha HasB-
HICTh JBOX XapaKTEpPHUX PEXHMIB PO3pILy — IO
cTpuOKa KOHIEHTpawii 1 micig ctpubKa, 10 0CTaTo-
YHOT'O 3pHUBY. 3a JONOMOTOI0 PyXOMOT'O MarHiTHOrO
30HIAa JOCITIDKEHO MPOCTOPOBHUI PO3MOALT aMILIi-
Tynu BY XBUIILOBOTO MarHiTHOTO TOJISI MK aHTe-
HOIO 1 IHOM PO3pAaHOI Kamepu. Bumipsni npodimi
BUSIBIIIIOTHCS. TUIIOBUMH CTOSYMMH XBHJISIMH, ILO
MiATBEP/IKYETHCS TAaKOXK MPOTH(A3HICTIO KOJMBAHb
y cycimHix MakcuMmyMmax. [Ipu MEHIIMX MarHiTHHX
MOJISIX, 10 CTPUOKA T'yCTUHH, JOBXHHA XBHJIl MEHIIIA
1 B MeXaxX pO3pSAHOI KaMepH peali3yeThCsl TPEeTs
MOJ]a CTOSYOT XBWJII, TOMAI K NPU OLIBIIOMY MO,
nepea 3pUBOM  PO3PSIy, CIOCTEPIraeTbcs Apyra
MoJa 3 OUIbLIOI NOBXMHOK XBuiui. Taka 3amex-
HICTh Y3TOIKYEThCS 3 JIMCIEPCIEI0 TeNIIKOHHUX
XBHJIb, JIOBKHHA SIKHX 3pOCTAa€ MpH 30UIbIIEHHI
MarHiTHOro mojs [2].

Takum umHOM: 1) MOKa3aHO MOKIMBICTH 30Yy-
JOKEHHSI PO3psiy JiHIHHOI THAYKIIHHOK aHTEHOO
Ta HAsBHICTb PEXUMIB 3 OJHOPIAHOIO IUIA3MOI0 Ha
3HAYHIM BiJCTaHI B3JJOBXX aHTEHHU; 2) MPOJEMOHCT-
POBaHO XBWJIBOBY (TENIKOHHY) TPUPOAY PO3PALY;
3) 3ampONOHOBAHO 3pYUHY B peajizallii KOMIOHOBKY
po3psiny 3 IHAYKUINHOIO aHTEHOI0, 3aHYPEHOHI B
miasMy; 4) ofgepkaHo IIa3My, sSKa € OJHOPITHOIO Ha
3HAYHIN BiJICTaHI B HamNpsSMKY B3JOBXK aHTCHH, 3
FYCTHHOIO 10HHOTO CTpyMy 25 MA/cM’, 1O BiAmoBi-

JTa€ KOHIEHTpAIlii 8 - 10" oM.

1. B.M. Cnobonsn, B.®. Bupko, I'.C. Kupuuenko u
K.II. [ITampaii, Bonpocsl aTOMHON HAayKd W TEXHUKH,
cep. [IDHMVY(3) Ne 4, 235 (2003).

2. M.A. Lieberman and A.J. Lichtenberg, Principles of
Plasma Discharges and Material Processing, 2nd Ed.
(Wiley Interscience, New York, 2005).
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RESULTS OF CYTOGENETIC STUDIES OF MURINE RODENTS
OF THE CHORNOBYL EXCLUSION ZONE

0. O. Burdo', D. A. Vishnevskiy’

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
? State Specialised Scientific & Industrial Enterprise “Chornobyl Radioecological Centre”, Chornobyl

The assessment of the anthropogenic impact on
the biosphere has been one of the main trends in bio-
logical research since the second half of the 20th
century. A special place in this research occupies
pollution - introduction of new substances and fac-
tors into the environment, which affects adversely
the biological systems.

Radioactive contamination is a relatively new
and the most specific human factor. Global impact
on the biosphere has been recorded since the middle
of the 20-th century with the development of nuclear
technology — nuclear weapons and energy. A charac-
teristic feature of radioactive pollution is the inertia
of its consequences for biological systems, which
concerns primarily genetic effects.

In Ukraine, the problem of radioactive contami-
nation will be relevant for a long time due to the
Chornobyl accident. As a result, 200,000 km® in Eu-
rope have been contaminated. In Ukraine the area of
about 100,000 km® has been contaminated by "*'Cs
over 10 kBg/km®.

Decontamination of the land polluted with *°Sr,
B7Cs, °Pu is very expensive and will hardly be
done in the foreseeable future. Accordingly, in the
areas of different levels of contamination, inhabited
with wild animals and plants have formed peculiar
ecosystems, which have been developing in the con-
ditions of high-dose ionizing radiation.

The studies were conducted on four species mur-
ine rodents: Apodemus flavicollis, Chlethrionomus
glareolus, Microtus agrestis, Microtus arvalis. The
number of murine rodents is sufficiently uniform in
all test sites. This indicates that the radiation factor
is not revealed at the population level. In the areas
with the highest values of the radiation factor, a high
degree of cells loaded instability. The extent of the
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genome damage (high micronucleus test indices)
depends on the values of the radiation factor (DER
and the specific activity of radionuclides in the body
of animals)-

There was found out a positive correlation be-
tween the specific activity of *’Cs in the carcasses
of animals (Figure) and the number of cells with
micronuclei, the number of cells with exactly one
nucleus the total number of micronuclei in yellow
necked mouse Apodemus flavicollus.
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Content of radionuclide in the body
of the Chlethrionomus glareolus.

In bank vole was found a positive correlation be-
tween the specific activity of *°Sr - mitotic index and
the number of binuclear cells. Besides, there was
found a positive correlation between the number of
cells with micronuclei, total number of micronuclei,
the number of cells with 1, with 2 and with 3 micro-
nuclei not associated with a specific activity.

IHCTUTYT AJAEPHUX JOCJIKEHb HAH YKPAIHU
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HUCCIIEJOBAHUE KOHIEHTPAIIUU PAJJMOHYKJINIOB
B TOINVIMBOCOJAEPXKALIIMUX OBPA3LAX U3 4-ro JQHEPI'OBJIOKA YAJC

. M. Bonnapobkos', M. B. Kearono:xkekas', H. B. Kyanu', A. MaKCHMEeHKO"
p Y

1 o
Hucmumym soepruix uccreoosanuit HAH Yrpaunol, Kues
2
Medicoynapoonas paduoskonozuneckas rabopamopust, Cragymuy

[IpoBeneHbl CHEKTPOMETPUYECKUE U PATHOXHU-
MUYECKHE MWCCIIEOBAHMSA TOIUIMBHBIX YacTHUI] W3
4-ro sueprobmoka YADC, oroOpaHHBIX B MeCTax,
T/Ie NPOTEKaIH OCHOBHBIC MOTOKH JIABbl. I/Iccnea{ye-
MbI€ YaCTULIBI UMENH akTUBHOCTH 1o ~'Cs ot 10 no
107 Bx/r. Macca yacTui| 6bl1a TIOpSIKA COTEH MHUK-
porpamMm. OCHOBHbBIE W3MEpPEHHs MPOBOIMINCH Ha
Ge- u a-crieKTpoMeTpax.

M3 nmnomydeHHBIX B pe3yibTare HU3MEpPEHUi
Y-CIIEKTPOB YCTAHOBJEHO, YTO B o0OOpaslax JaBo-
00pa3HbIX TOIUIMBOCOAEPKALIUX Marepuanax
(JITCM), otobpannbIx u3 4-ro sHeprodmoka YADC,
B HACTOSIIIEE BPeMs HaGII0NAETCS AKTHBHOCTD > Am.
Ha m3y4ennsix criekrpax B obmactu 70 - 80 k3B mpu-
CYTCTBYEeT MYJBTUIUIET Y-TMHUHI ¢ 3HEprusimu 73,4,
74,4, 76,6 u 77,1 x3B. DTN Yy-mMHEM OBUTH HaMH
WACHTU(GHULIUMPOBAaHBl KAaK MHKH CYMMHPOBaHUS

Ly-m3nyuenus HentyHus c¢ y59 x3B: 59+ La,
¥59 ©3B + LB, y74,67 **Am u muk Bbitera y86k3B —
K,Ge.

st 3TOr0 MPOM3BOAMIM MEPEBO]] PAIUOHYKIIU-
JIOB B PACTBOP IyTeM KHUCIOTHOTO BCKPBITUS «TOPA-
YUX» YACTHIl ¢ MPUMEHEHHUEM KOHIICHTPUPOBAHHBIX
HF (mnmaBukoBas), HNO; (azornas) u HCI (comns-
Has) B TeduoHoBOM crakaHe. [locne momHoro pac-
TBOPEHUS «TOPAIUX» YACTHUI] MOTYyUEHHBIH PacTBOP
yHapUBAJICS JI0 BJIKHBIX coliei. C MOMOIIbI0 METO-
Jla HEMOCPEICTBEHHOW OL-CIIEKTPOMETPHH OBLT TIO-
JIy4EH U30TONHBIN cocTaB o-uznydareneut. ns ato-
T0 TPOU3BOAMIIOCH IIEKTPOJIUTHYECKOE OCAKIACHHE
PaAMOHYKIUAOB Ha JWUCKE U3 HEPIKaBEIOIIEH CTaiH.
W3mepenus MpoBOIMIN HA Oi-CriekTpoMeTpax Alpha
Analist.

OTHocHTeTbHbIE AKTHBHOCTH PaTuOHYKINI0B BO ¢parmenTe TCM u B HemoBpeKIEHHOM TBIJIe

H3oron @parmeHT TB3J1a ®parment TCM H3oron ®DparmeHT TB3J1a ®parment TCM

s 0,12 0,11 2py 0,03 0,10

e 1000 1000 239.240py, 14,7 48

By 4,57 15 28py 7,19 29

5By 1,09 3,2 2lpy 163 820

PS¢ 949 3292 P Am 0,05 0,14

iy 0,05 0,13 2 Am 27,8 83

23y 0,001 0,004 224 0m 0,64 1,79

Zoy 0,01 0,02 *2Cm 0,03 0,09

28y 0,02 0,05

IIpumedanue. [lorpemHOCTs B IpeACTaBICHHBIX JaHHBIX HE TpeBbimaet 10 %.

Ilony4yeHHble JaHHBIE TPUBEACHBI B CBOJHOMU
tabmune. [lo pe3ynbraTaM U3MEpeHHUN MBI Pa3/Ieiu-
M W3y4YeHHbIE TOIUIMBHBIE YACTHIBI 110 THIIAM:
(bparMeHTBl HETIOBPEXXIEHHOTO TBAJIA U (hparMeHTHI
TCM. PacueTsl BbIropaHusi HAMH OIPEIEIISINCH 110
topmynam [1]. Beropanue mns gparmeHnrta Hepas-
PYWICHHOTO TBYJIA, NOJIYYEHHOC M3 COOTHOMICHHSA
n3otoroB -~ 'Cs, " "Eu W H30TOIOB IUTYyTOHHUS
okazanock paBHbM 11,0, 13,0 u 12,8 cooTBeTCTBEH-
vo. Jlma ¢dparmenta TCM wu3 4-ro »Heprobioka
YADC 6pumn nmomydensl cootHomenus 10,0, 14,2 u
14,4 cootBerctBenno. Kak u B [2], BUAHO, YTO Ha-
OmoaeTcs CHCTeMaTHYeCKOe 3aHW)KEHHE BBITOpa-
HUS, ONPEACIEHHOTO IO H30TOIHBIM OTHOIICHUSM
B47Cs na 2 - 3 MBT-CyT/KT ypaHa, [0 CPaBHEHHMIO
C pacueTaMH MO EBpPOMNHIO W IUTYTOHHIO. MOXXHO
MIPEATIOIOKUTE, YTO KOADPHUITMEHTH I pacdeTa
BBITOPAHUS IO LIE3UI0 3aHUKEHBI.

AHanu3 JaHHBIX 00 O-M3ITydYaTeNsaX OPYTHX HYK-
JIUJOB TOKAa3bIBACT 3HAUUTEIBHBIE PACXOKICHUS C
TEOpEeTHIECKUMHU pacuyeramu. Hampumep, Teoperu-
YecKOoe 3Ha4yeHHWe I HW30TOIHOTO OTHOIICHUS
M8 Am cocrasnser BEJIMUMHY 2,2 - 10'3, T.C. 3a-

L[OPIYHUK - 2012

BbIIIIeHO mpuMepHO B Ha 30 % 1Mo cpaBHEHHIO € dKC-
NEPUMEHTANLHBIMU 1AHHBIMA. B T0 xe BpEMs CpaB-
HEHHWE aKTUBHOCTH ~~ Am ¢ CyMMapHOH aKTHBHO-
crbio 2?*Pu nokaspIBaOT, UTO B npejenax TOYHO-
CTH M3MEPEHUU WX COOTHOIICHHE COBIIAJIAET C pac-
YETHBIMU 3HAYECHUSIMH.

OKCIeprUMEHTalIbHbBIC 3HAYCHUS IS 00JIee TshKe-
JBIX TPAHCYPAaHOB OKAa3aJIOCh 3aHKEHHBIMH 10
CpPaBHEHHUIO C TEOPETUYECKUMH pacyeramu B 2 - 3
pasa B 3aBUCUMOCTH OT BHITOPAHHUS.

B o-cnektpe MBI HMACHTHQHUIEPOBAIH O-TIEpe-
XOJIbI, TIPUHAJUICKAIITNE PACTIaTy 2Cm. VuursBas,
yto Ty Cm = 162 CyT, MOKHO CHEJIaTh BBIBOJ O
TOM, YTO MBI HaOIIFOJaeM pacmaji ®Am ¢ T,n =141
Ol HA OCHOBHOE COCTOSIHHE >Am, KOTOPBIH HAXO-
JIUTCSL B PAaBHOBECHUH C 2Cm. Takum 00pazoM, MbI
HaOII0]aeM LIETIOYKY 2L2LIB N

1. A.A. Boposoii u D.M. Ilazyxun, Pagnoxumus 45(2),
191 (2003).

2. M.B. XKenronoxckas, SInepna disvka Ta eHepreTHka
10(4), 409 (2009).
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®OPMYBAHHS MOIIMHEHUX /103 B OPTAHAX I TKAHUHAX JIABOPATOPHHUX
I[YPIB 3A MEPOPAJIBHOI'O HAJXO/KEHHS "“'I

L. II. Apo3a, A.lL Jlunceka, O. A. CoBa, B. A. llluTiok

Tnecmumym soepuux docnioxcenv HAH Yrpainu, Kuis

@dopMyBaHHS 103 BHYTPIIIHEOTO ONPOMiHEHHS B
OpraHi3Mi CCaBIliB BU3HAYAETHCS, TOJOBHUM YHHOM,
0COOJIMBOCTSMU KiHETUKH 1HKOPIIOPOBAHHUX pajio-
HYKIiZiB B OpraHax i TKaHWHax Ta iXHIMHU SAEPHO-
bizumuanME  xapaktepuctukamMu [1, 2]. Ockimbku
HOIl € TUPEOTPOIIHUM EJIEMEHTOM, BiH Ma€ CYTTEBI
0c00MMBOCTI JJ030YTBOPEHHSI MOPIBHAHO 3 1HIIMMH
pamionykmigamu. Tak, 1031 B OpraHax i TKaHWHaX 3a
KOPOTKOYACHOTO HAIXOKeHHs °'| Maiike Ha JOTH-
pU TOpPSAKM MEHIII, HDK y IIUTONOAIOHIM 3ano3i
(I113). OueBumHO, came 3aBASKH BOMY MPUILUIITH
OyX€ MaJ0 yBaru BHUBYEHHIO J030yTBOPEHHS B
iHmux opraHax, kpim 3. Cmig 3a3HaunTty, mo 6e3
3HaHHs JIOKaJbHUX /103, HNOTJMHEHUX Y KOKHOMY
opraHi, HEMOXJIMBO BH3HAUYHTH €()EKTHBHY 03y, 3
SIKOI0 TIOB’S3YIOTh IUTOTEHETUYHI, T'€MaTOJIOTIHI,
iMyHoJIOT14Hi Ta iHIi pagiobionoriuHi edexTu.

Juts nociimKeHHs KIHETHKH 130TOIy OYJI0 IIpoBe-
meHo Tpu cepii mocmimiB. Llypam-camisaM miHii
Bicrap mouatkororo Macorw 200 £+ 15 r nepopanbHO
yepe3 30HJ OAHOPA30BO BBOAWIM PO3YHH Y IUCTHU-
THLOBaHIN BOJI HATpit0 Hoaumy akTuBHICTIO 3,3; 19,2
ta 114,8 bk BiamoBimHO Ha TBapuHy. TBapuH
YMEPTBISUI 3TiAHO 3 PoOOYUM TpadikoM 3 JOTpH-
MaHHSM BUMOT cT. 26 3akony Ykpainu “IIpo 3axuct
TBAapUH BiJ] )KOPCTOKOTO MOBOJDKEHHS . MeToaoM
raMMa-cIieKTpoMeTpii BH3HA4ajid BMICT i30TOINy B
KO)KHOMY OpraHi Ta TKaHWHI B AWHAMIIli TIPOBEICH-
HSl EKCIIEPHMEHTYy. 3a MWTOMHM BMICTOM HOIy B
opraHax i1 TKaHMHaxX OyayBamu rpadiku HaKOIH-
YEeHHS Ta BUBEJCHHS 130TOIY, 32 SKUMH BH3HAYaJH
edexTuBHI nepioan HamiBBUBeAeHHA (Tadm. 1). [lpu
OOMY BHBEICHHS paliOHYKIiJa ONUCYBAJIOChH
OJTHOIO UM JIBOMa €KCIIOHEHTaMH

gi= qo T (a exp(-0,693 t/T;) + b exp(-0,693 t/T>)),

Jie q; — aKTHBHICTH Y i-My Oprasi Ha 4ac t; o — aKTH-
BHICTh, IO HAaJIHNLIIA 70 opraHizmy; f — yacTtuHa
AKTUBHOCTI, IO HaJidmIa a0 opraHa; a, b — momi
130TOMy, IO BHUBOJIATHCSA 3 TEpiojlaMy HaIlliBBHUBE-
neuns T, 1 T, BignmoBigHo.

[HTErpyIOYM aKTUBHICTH MiJ] KPUBUMHU, IO OIH-
CYIOTh TPOIIECH HAaKONMMYEHHS Ta BUBEIEHHS 130TO-
Iy 3 OpraHa 3a yac Horo mpakTHYHO ITOBHOI'O PO3Ia-
ay (80 nib), orpuMyBanIy CyMapHy KilbKiCTh po3ma-
niB N; B OUHHIII MacH opraHa 4u TKaHuHU. [lormm-
Heny 103y (I'p) po3paxoByBayiu 3a BUpa3oM

D = k Eeth:

nrek=16-10" Jx/MeB; E.f— eexTuBHa eHepris,
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IO MEPEeJAEThCsl OPraHy B KOXKHOMY aKTi pO3Many
i3oTomy, MeB/po3ma.

Tabnuys 1. BiokiHeTHYHI KOHCTAHTH Bl |

Opran uu £ a b Ty, T,,

TKaHHHA noba | moba
1113 0,44100 1 - 4,61 -
ITeuinka 0,00818 1 - 3,70 -
Hupku 0,00235 | 0,51 0,49 | 0,131 | 3,88
Jlereni 0,00208 | 0,79 0,21 | 0,119 | 3,36
Cenesinka 0,00143 | 0,82 0,18 | 0,132 | 345
M’s3u 0,04190 | 0,80 0,20 | 0,121 | 4,02
CiM’sHUKHU 0,00430 | 0,83 0,17 | 0,153 | 3,97
[kipa 0,16900 | 0,825 | 0,175 | 0,110 | 4,43
[InyHok* 0,00855 | 0,93 0,07 | 0,256 | 3,44
Kumikisaux* | 0,01270 | 0,77 0,23 | 0,335 | 3,58
CF"*OBj‘“ 0,00019 | 0,93 | 0,07 | 097 | 3,16
MiXyp

* [30TOI NMIIIE B CTIHKAX OpraHa.

[TopiBHIOIOYM CITIBBIIHOMICHHS MK [03aMH B
opraHax i TkanuHax Ta j030t0 B 11[3 3a pi3Hux akru-
BHOCTEW MOy, IO HAIIWIIOB 0 OpPraHi3My, BHSBH-
JIM, 110 BOHU Mali’ke He 3MIHIOIOTHCS, TOOTO MaroTh
moxuOKy, 0 He mepeBuinye 15 %, MOXKHA BBaXKaTH,
o0 103a B i-My oprasi D; NiHIHHO 3a7eKUTh BiJl J0-
3y U3 Dy

D;=nD,

1e n — KoedilieHT mponopuidHocTi (Tadm. 2).

Tabnuya 2. KoepinieHTH 17151 po3paxyHKy 103

OpraH 4 TKaHWHA n
ITeuinka 0,000066
Hupku 0,0000704
Jlereni 0,0000334
Cenesinka 0,0000218
M’s13u 0,0000177
CiM’ IHUKH 0,0000236
IIkipa 0,0000627
KicTkoBuii M030K 0,000390
IInmyHok* 0,0001090
KunikiBauk* 0,0000751
CeuoBnii Mixyp* 0,0000361

* He BpaxoBye€ 103y Bijl HAITOBHIOIOYOI PEYOBUHHU.

Takum umHOM, 3Haroun no3y y L3, moxnHa nerko
po3paxyBaTd [O3M B IHIIMX OpraHax Ta TKaHU-
Hax.

1. FO.U. Mockanes u B.C. Kanucrparosa, Kunemuxa
obMmena, Ouonoeuyeckoe Oeticmeue paouOaKmuUGHIX
uzomonos ooa (Mb®, Mocksa, 1989).

2. A1 Cepkiz ta M.YO. Anecina, Bnaus padiayiiinozo
gaxmopa QopHobunbCbKkoi 30HU BIOUYIHCEHHS HA Op-
eanizm meapun (Atika, Kuis, 2006).

IHCTUTYT AJAEPHUX AOCJIPKEHb HAH YKPATHU




PAIIOEKOJIOI'TA TA PAAIOBIOJIOITA

XPOHIYHUM BILIMB IOHI3YIOUOI PAIALIIL HA JIIOJUHY
L. I1. dpo3n

Tnecmumym soepuux docnioxcenv HAH Yrpainu, Kuis

[IpoananizoBaHO HayKOBHH JOPOOOK LIOAO OCO-
OymBocTel BIUTMBY 10HI3yI04oi pamiamii (IP) BHaci-
nok aBapii Ha YAEC y panHiii Ta BignaneHuii nepi-
omu (1986 - 2012 pp.) Ha y4acHHKIB JiKBigamii Hac-
JMAKIB aBapii Ta XUTENB pajiamiiiHo-3a0pyIHEHUX
teputopiii (P3T). BusiBieno, mo HaiOutemn pania-
UiHO-ypa)XyBaHUMH € KPOBOTBOpPHA, iIMyHHa, €HIO-
KpuHHa ¥ 1ieHTpansHa HepBoBa cuctemu (LIHC), a
TaKOX TCHOM. 3TiTHO 13 CyYacHHM YSBICHHSIM ITi
CHUCTEMHU YTBOPIOIOTH “BENTUKUI PEryIsTOPHUN TpH-
KYTHUK” — €IUHY PETYJIATOPHY HEHpOIMMYHOEH0-
KPUHHY METacHUCTEMY IO 3abe3mnedye MiaTpruMaHHsS
rOMEOCTa3y LUITXOM KOOpIWHALii OCHOBHUX (i3io-
JIOT1YHMX TpoueciB. Y paMKax KOHUenuii MmeTabouti-
4yHOi iMmyHonenpecii [inemana [1] 3MiEM romeocTa-
3y, 110 PO3BHBAIOTHCS BHACTIJIOK pajialliiHO 3yMOB-
JICHOTO TOPYLIEHHS TrinoTajaMo-rinogizapHo-Hal-
HUPKOBOI pEryJiAmii, JimiaHoro 0OMiHy Ta TOB’s3a-
HOTO 3 HUMH ITiIBUIIEHHS PiBHS TITIOKOKOPTHKOIMIB
MOXYTh BHKIUKATH BIKOBY IMYHOJETpeECito, iHIY-
KYIOUH TUM CaMUM TIOSIBY 3JIOSKICHUX HOBOYTBO-
PEHb, aTepoCKIepo3y Ta IHIIMX XBOPOO MOXHIIOTO
Biky. [Ipy bOMY MOCHiOBHICTH MOIIH MOXe OyTH
MpeAcTaBlIeHa HACTYHHUM YHHOM. |HTEHCHBHE
ONIPOMIHEHHS! KOPOTKO>KUBYYUMH PaliOHyKJIiJaMU B
paHHIi micngaBapiiHUN MepioJ, YWHUTH TPAMHAN
BIUIUB Ha KpoBOTBOpHY TKauuHy, LIHC, iMmyHHy Ta
EH/IOKPUHHY CHCTeMH (y TOMY YHCIi Ha IUTOIOIi-
O6ny 3amo3y - II3), iH@yKyIOUH HH3KY BTOPUHHHUX
NPOIIECiB, BINIMBAIOYM Ha META00III3M i MOPYIIYIOUYH
B KIHLIEBOMY paxyHKy romeocra3. llepBunne Io-
mkomkeHHs enemeHTiB [IHC mocumoeTscst mopy-
HICHHSM 3B’s3KiB y cuctemi “tmmyc - 1137, mo
CTBOPIOE TEpeAyMOBU Ui (opMyBaHHS IMYHHOI
HegocTaTHOCTI. [lapanensHO po3BHBAETHCS peaKIlis,
OB’ 13aHA 31 BIUIMBOM CTPECY, KM HEOAMIHHO Cy-
NPOBOKY€E OyAb-SKy HaA3BHUaiiHy cHTyawito (To-
TY)XKHHUM cTpecopoM € i cama IP). Bxmouenns oci
“rimoi3 - Kopa HaTHUPHUKIB” TIOCHITIOE 1HBOJIOIIIIO
TUMYcCa i IPUCKOPIOE PO3BUTOK BTOPHHHOTO iMyHO-
nedinuty. JlomaTKOBUM HETaTMBHUM YHHHHUKOM €
paxiariitHo 3yMoBieHi mopymenas yskmii 1113 Ta
IHIINX CHIOKPHUHHUX OPraHiB, L0 MPOAOBXKYIOTHCS
y BijjaneHuil micisaBapiiHui mepiofn. Yce 1e KoM-
OiHy€eThCS 3 MOPYIICHHSIMH (PYHKITIH BUITUX HEPBO-
BHUX IICHTPIB, fAKi, 3TIHO 3 OCTAHHIMH JTaHUMU, €
paniouyTiauBuMH [2]. 3pemITol0 XpOHIYHHK cTpec i
HHU3BKOJI030BE ONPOMIHEHHS HNPU3BOIATH 10 PO3BH-

[IOPIUHUK - 2012

TKY MeTabOJIIYHOI iIMyHOIEpecii, 10 0COOIMBO BHU-
Pa3HO CHOTO/IHI MPOSIBISIETHCS Y BUTIISL “CHHIPOMY
XPOHIYHOT BTOMH .

Oco0muBy HeOe3MeKy Ui TMOMYJISIiil JIFOUHH
CTAaHOBHUTHL TeHOTOKcHYHA mis IP. Pesynpratn gocii-
JOKEHB CBITYaTh MPO JECTAOUTI3aIli0 XPOMOCOMHOTO
anapaty B KpuUTW4yHHUX rpymnax HacenenHs P3T [3].
Tak, B yciX 0OCTe)KCHHX TpyIlax IITeH BUABIIA HE
JWIIEe BIPOTiJHE MiJBUINEHHS CEPEAHBOTPYHOBOI
YaCcTOTH XPOMOCOMHHX a0epauiil pi3HOTO THITy, ajie
i 30UTBIIEHHS ITUTOTEHETHIHOTO €()EeKTy 3 4acoM 3a
paxyHOK HaKONMYEHHS CTAOUIbHUX YIIKOJKEHb
xpomocoMm. [Ipu pOMy BHSBICHO MO3UTHUBHY KOpe-
TS0 MK IMUTBHICTIO 3a0pyJHEHHS TPYHTY Le3ieM
Ta IHTCHCHBHICTIO ITUTOT€HETHYHOTO edekTy. Yac-
TOTa cTabUIBbHUX abepauildl JOCTOBIPHO BiApI3HSIETH-
s BiJl BIKOBOI HOPMH, III0 CBIAYUTH MPO JTOMiHYBaH-
HS pajiariifHol IPUPOAH XPOMOCOMHOTO MyTarcHe-
3y. [ecrabimizaiisi reHOMY MpOSBISETbCSA sK: 1)
NpUXOBaHa XPOMOCOMHA HECTaOUIBbHICTh (TMigBH-
IICHHS YYTIMBOCTI XPOMOCOM OIPOMIHEHHX COMa-
TUYHUX KJIITHH A0 Jii iHIIUX MyTareHiB); 2) 3aTpu-
MaHa XPOMOCOMHAa HECTaOUIbHICTh, IO EKCIPECy-
€THCA Y BiJIaJIeHUX KIITHHHUAX T€HEepaIlisax Micis mii
IP; 3) TpancmicmBHa XpOMOCOMHa HECTaOUIbHICTB,
sIKa TIePE/Ia€ThCs Yepe3 OMPOMIHEHI CTaTeBl KIITHHU
0aThKIiB y COMaTWYHI KJITHHM iXHiX Hamazikis. Ta-
KHM YMHOM, T€HOTOKCUYHHMIA XpOoHiuHMA Brums IP y
MaJluX J03aX 3arpoXkye cTabiIbHOCTI TEHOMY Ta
30epeeHHI0 reHO(oH Y.

€ mincraBu ovikyBatu po3BuTKy Ha P3T mpore-
CiB pamiOiHAYKOBAHOTO CTapiHHA HACEICHHA Ta
MOB’SI3aHUX 3 HUMH 3arajJbHOCOMATHYHHUX (HOpM
3aXBOPIOBAHbG 1, K HACIIIOK, MOTIPIICHHS SKOCTI Ta
CKOPOYEHHSI TPHUBAJIOCTI JXKUTTS. YCI Ii 3aXBOpIO-
BaHHS MalOTh BEJIHUKI JIATCHTHI MEPioAH, TOMY Hera-
THBHI MEIMKO-0ionoriuHi Hacmigku YopHOOUIbCH-
KOi aBapii o4eBUIHO OyAyTh MPOSBISTHCA IIE TPH-
BaJIUH Yac.

1. B.M. luneMaH, DHOOKpuHOIOZUYECKA
(Mennuwna, Jleanarpan, 1983).

2. E.b. bypnakosa, .M. I'ponzunckuii, T.A. Mrocco u
op., B 25 nem Yeprnobvinvckoi kamacmpoguvl. beso-
nachocms Oyoywezo: C6. ooxn. Medxcoynap. komudg.,
Kues, 20 - 22 anp. 2011 2. (U31-Bo KIM, Kues, 2011),
c.32.

3. M.A. Iliminceka, C.C. Jqu6cekuii, O.B. Jlubcbka ma
in. Luromnoris i reneruka 37(3), 55 (2003).

OHKOJlI02UA

127



AHOTALIIl POBIT

PO3POBKA BA3OBHUX INPUHIUINIB CTBOPEHHSI BIBJIIOTEKH JAHHUX
TA MATEPIAJIIB Ui AAEPHOI KPUMIHAJIICTUKHN B YKPAIHI

O. B. l'aiinap, B. B. Tpumun

Incmumym adepuux docnioscens HAH Yrpainu, Kuig

3rigHo 3 nmocranoBow Kabinery MinicTpiB Ykpa-
i Ne 813 Bix 2 uepBus 2003 p. [HCTUTYT sAepHUX
nociimkens (159/]) HAH Ykpainu Bu3HaueHO roio-
BHOIO CKCIICPTHOIO OpraHi3alli€lo 3 MHUTaHb JO0CIIi-
JDKEHHSI T2 BU3HAYCHHS XapaKTEPHCTHK Pali0aKTHUB-
HUX MaTepialiB, SKi BIIIy9€HO 3 HE3aKOHHOTO 00iry.
Ils mocTanoBa ¢akTHYHO € BH3HAHHSAM IOCBiTy Ta
BUCOKOTO MpodeciiHOro piBHS (PaxiBIiB IHCTUTYTY.
JocsarHyTi pe3ynbTaTd BHCOKO OIIHIOIOTBCS He
TIIBKU B YKpaiHi, ane il MiDKHApOJHUM CITiBTOBApH-
ctBOM. CBITYEHHSIM IIHOTO CTaJl0 IIPOBEICHHSA Y
2011 p. B KueBi Hapagm MixHapomHoOi TeXHi4HOL
pobouoi rpymu 3 saepHoi kpuminamicTuku (ITWG).
s opranizaris 06'emHye MpoBiAHUX (axXiBIliB CBITY
B TalIy3i SIEPHO-KPUMIiHATICTHYHOI €KCTIEPTU3H.

SnepHa KpUMiHANICTHYHA E€KCIIEpTH3a € Oinblie,
HDK aHATITHYHE BU3HAYCHHS XapaKTEPHUCTHUK BIUIY-
YeHUX SIICPHHUX Ta THIIUX pajialiiHUX MarepianiB
(SIPM). Ti kiHIIEBOIO METOIO € iHTepIpeTallis OTpH-
MaHUX pe3yJbTaTiB Ta BIAMOBIAs HA IUIAN P MH-
TaHb, 30KkpeMa "lllo sBIsSE cOOOI0 BIITYUCHHIA MaTe-
pian?", "Slkum Oyno HOro TepBHUHHE NPH3HAYCH-
Ha?", "Jle BiH BHKOpHCTOBYBaBci i XTO OyB #oro
OCTaHHIM 3aKOHHHMM BjiacHUKOM?", "SIKUM IUISIXOM
el MaTepiai Mir OTPaNUTH Ha Mice momii?". s
TOTO MO0 OTPUMATH BIAIOBIAI HA IIi 3aUTaHHS, HE-
00Xi/Ha iHTerpamis JOCBiMy Ta 3HaHB i3 pi3HOMaHI-
THHUX Tally3ell HayKH, TEXHIKH Ta TEXHOJOTIH, Kpu-
MiHaJIICTUKHU TOIIO.

Metonu saepHOT KPUMIHATICTUKHA 3HAYHO BiIpi-
3HSIOTHCS BiJl CTAHAAPTHUX KPUMIHAJICTHYHUX Me-
TONIB. flnepHa KpUMIHATIICTHKA MAa€ BUSBUTH HaAOIp
XapaKTepHUX O3HaK BHJIIYUEHOTO MaTepiaiy Ui Imo-
PIBHSHHS 3 KOMOIHAITIE€IO0 BiJOMHX KJIaciB crierudi-
YHHMX O3HAaK MaTepialiB (CIiBBIJHOIEHHS MiX i30-
TOMAMH, €IEMEHTHUH CKIIaJ, XiMiuHi JoMimrku, i-
3UYHI XapaKTepUCTHKU TOII0). OIHIE0 3 YMOB IS
e(eKTUBHOTO Ta CBOE€YACHOTO BHPIIIEHHS IMOCTaB-
JICHUX 33/1a4 € HAsABHICTh pedepeHTHHX 0a3 JaHuX
Ta 0i0mioTek MartepiamiB. Taki 0i0TIOTEKH SBIAIOTH
00010 BaXJIMBUN KOMIIOHEHT y OOpOTHOiI 3 He3a-
KOHHMM OOIroM sJepHUX MaTepialiB Ta NPOTHAii
SIIEPHOMY TEPOPU3MY.

OpanM 13 6a30BUX MPUHIMITIB CTBOPEHHS CIIEIli-
aizoBaHMX 0a3 JaHWX € Opi€HTalis Ha TICHY CIHiB-
MPAIlo KiHIIEBUX CIIOKWBaYiB iH(OpMAIiitHOTO Mpo-
IYyKTy Ta #oro po3poOHUKIB Ha Bcix eramax. Oco0-

JIMBOTO 3HAYEHH I Ha0yBae B yMOBax, KOJIH IpakK-
TAYHHUNA JOCBiJ] CTBOPEHHS TakWX 0a3 BiACYTHIH 5K
Ha HaIIOHAJTHLHOMY, TaK 1 Ha MUKHApOIHOMY PiBHSX.
CamMe TOMy CTBOpEHHs 010JI0TEKM TaHUX Ta MaTepi-
aIliB JUIsl SIACpHOI KPUMIHANICTHKH MPOMOHY€ETHCS Ha
6a3i [51J]1 HAH Yxkpainu, B SKOMy TiCHO CIIiBIIpa-
LIOIOTh SIK €KCTIEPTH 3 SICPHOI KPUMIHATICTHKY, TaK
1 BHCOKOKBaJlipikoBaHi (axiBui B ramysi iHdopma-
MIHHUX TEXHOJIOTIHN.

BaxnuBUM NPUHIKIIOM NIPU CTBOPEHHI IPOEKTY,
peaitizailis KO0 nependadac BUKOPUCTAHHS Mepe-
ki [HTEpHET Ta cIiBmpaIo K yKpailHCHKHX (axiB-
IiB, TaK i MDKHAPOJHY KOOIIEpaIlito, € BH3HAUCHHS
MeXaHi3MiB 3axucTy iH(popmalii Ta 30epekeHHs ii
LimicHOCTI. 3 ypaxyBaHHSIM YMHHOTO 3aKOHOJIABCTBA
Ykpainu i HasBHOI Ha ChOTOJIHI HOPMATHBHOI JIOKY-
MEHTaIil MIOTHUH MPOEKT iHPOpMAaIiitHOT cucTeMH
Oyze BKIIOYATH JaHi TUIBKH 3 BIAKPUTHX JKepel
iHdopMarii Ta gaHi, OTpUMaHi B paMKax MDKHApOJI-
HUX TIPOEKTIB.

B skocti 0a30BUX NPUHIHMIIIB TIpU PO3pOOII
CTPYKTypH 0a3u naHux obpaHo pexoMeHnamii ¢axi-
BuiB ITWG ta MATI'ATE. 3rigHo 3 nuMu peKoMeH-
JamisMu 6aza JaHuX CTPYKTYPYETHCS Y BiIIOBIIHO-
CTi 10 CTaiill siIEepHOrO LUKy, TUIIB JHKEpes 10Hi-
3YI04OTO BUIIPOMIHIOBAaHHS.

BusnaueHo 06a30Bi rpynmm KOPHCTYBadiB CTBO-
proBaHoi iHQOpMaLiiHOI CHCTEMH, ISl SIKHX IIOTIe-
PEIHBO BCTAHOBJICHO INEPETiK HA0Opy NpOrpamMHUX
3aco0iB ISl BBEACHHS JTaHWX, BUOIPOK JTaHUX Ta iX-
HBOTO aHaji3y, IHCTPYMEHTIB Ui MOJICJIIOBaHHS Ta
aHaJi3y MpocTOPOBO PO3MOAiTIeHOI iH(popMarii.

CrtBopenHs 0i67i0TeKH peepeHTHUX MaTepiajiB
JUISL SIIEPHOT KPUMIHAIICTUKU Ma€e 3a0e3MeUUTH He
TIIBKU HaJIMHE 30€peKeHHS 3pa3KiB 1 CYIpoBO-
JoKyrodoi iHdopMartii, ane i TPOBEACHHS B TOIa-
JBITIOMY, TIPH TIOSIBI OUTBIIT JOCKOHAJIOTO O0JIaTHAH-
HS YM PO3pOOKH HOBUX METOJIWK BHMIipIOBaHb, JIO-
JATKOBUX aHAJITHYHUX BU3HAYEHb Ta IOPIBHAHHS
OTPUMAaHHX PE3yNIbTaTiB.

bazoBi migxoau 10 po3poOku OiOIIOTeKH JaHUX
Ta MarepiamiB JUIg SACPHOI KPUMIHAIICTHKH B
VYkpaini Oynu mpencTaBieHi Ha TEXHIYHIM Hapani
MATATE "Implementing Guide for the Develop-
ment of a National Nuclear Forensics Library" (15 -
19 xoBtHsA 2012 p., Bimenp, ABCTpis) i OTpUMAaIH
CXBaJIbHI BIATYKHM YYaCHUKIB Hapau.
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PAIIOEKOJIOI'TA TA PAAIOBIOJIOITA

JAUHAMIKA HEPEKMCHHUX INPOLECIB ¥V KPOBI IYPIB _
3A YACTKOBOI'O BJIOKYBAHHSA HUATOHNOAIBHOI 3AJIO3U CTABIJIBHUM HOJO0OM

0. II. I'puneBuy, A. L Jlunceka, C. B. Teaenbka, B. B. IlocnoJira

Incmumym si0eprux docnioncenv HAH Yrpainu, Kuig

Jmns 3axmery murononiouoi 3amosm (I3) Bixm
ONPOMIHEHHS BHACJIIOK HAKOITUYCHHS pPaliOaKTHB-
HUX 130TOMIB MOy 3aCTOCOBYIOTH NpenapaTH cTadi-
nbHoro itomy (‘2'1). Moro cBoeuacke BkHBaHHS (Ha-
nepeoHi a00 OJHOYACHO 3 HAIXOKEHHSIM CTali-
JBHUX 130TOMIB) A03BOJISIE €(PEKTUBHO 3a0JIOKYBATH
I3 i maibxe B 100 pa3iB 3MEHIIUTH 103y OMPOMi-
HEHHA LbOTO BAKIMBOI'O EHIOKPUHHOIO OpraHa.
MeHm BHpakeHWH pajio3axvcHUi edekT mocsra-
€THCA 32 BXKMBaHHS CTA0UIBHOTO 130TOITy TCHA Hall-
XOIDKEHHS PaJioaKTUBHOTO HOMy, OJHAK IIei TepMiH
Mae OyTH MiHIMaJbHUM, OCKUIBKM dYepe3 8 roj
edexT 6mokyBaHHs L3 mpakTH4HO 3HUKAE.

broxysanns 1113 cyTTeBO 3MiHIOE TIEpEPO3IOALIT
Ta KIHETHKY paJiOaKTHBHOIO HOXy B OpraHi3mi,
OCKUIBKH BiJIOMO, IO TEPiOJy HAIiBBUBEACHHS 3
IHIIMX OpraHiB € 3HAYHO MeHmuMH, Hix i3 11]3. Bi-
JIIOB1THO 3MIHIOIOTHCS W TIPOIIECH JTI0O30YTBOPEHHS B
opraHizmi. Y 1IbOMy KOHTEKCTI HayKOBHH iHTepec
MPEICTaBIIsI€ IMOPIBHAHHSA OKHUCHO-BITHOBHUX IIPO-
IIeCiB B OpraHi3Mi 3a HAIXOHKCHHS PagiOaKTHBHOTO
viomy mpu OnokyBanHi I3 Ta 0e3 OJOKyBaHHS.
OcCkinbkd  HE3pUIi  KIITHHH KICTKOBOTO  MO3KY
(KKM) € omHuME 3 HalpaAioIyTIMBIIINX B OpPTaHi-
3Mi, caMe Ha HHX, KpPiM KJIITHH IIJTbHOI KPOBI, JOITi-
JBHO BHBYATH Mepedir MepeKHuCHUX NpoueciB 3a Aii
1HKOPIIOPOBaHOTO HOLY.

VY mocTymHii HaM JiTepaTypi JOCUTh Majo JaHUX
npo BB 'l Ha TmepeBir MepeKHCHUX MpOLECB y
KkpoBi. [lepeBakxHa yacTHHa HAayKOBHX MyOIiKaLil,
IO MPHUCBSYCHI HAAXOIKEHHIO PaJiOaKTUBHOTO HO-
Iy JI0 OpraHi3My, BUCBITJIIOIOTH OCOOJIMBOCTI MOP-
(omnoriyHux 3MiH KIiTHH KpoBi Ta 1113.

Hamu nmocmimxeHo AMHAMIKY NMEPEKHCHHUX IPO-
meciB y kpoBi Ta KKM abopatopHuX ITypiB-caMIliB
niHii Bicrap 3a wactkoBoro OiokyBanus 113 crabi-
neHUM HomoMm. Ilicns BimOopy y TBapuH KpoBi i3
xBocToBOi BeHHM (0,1 MJI) XBOCTH 3aHypIOBaau Ha
30c y 5 %-Huil cIUPTOBUI PO3YHMH €IEMEHTaPHOTO
crabinmproro #omy '“’I. Uepes 1 rox wmiit rpymi
TBapuH OyJI0 BBEAEHO MEPOPAIBHO Yepe3 30HA
65,9 kbx/TRapuHy po3unH Hatpio iomuay (Na'"'T) y
JUCTUIILOBaHIN Boai. BusHaueHo, mo 3a Takux yMOB
13 6yna 3abnokoBana Ha 77 % [1]. Apyriit rpymi
TBAapWH, SKUM HE MPOBOIWIN HOIHY MPOQIITAKTHKY,
BBEJIU 130TOI y Ti€TK aKTUBHOCTI.

[IOPIUHUK - 2012

PiBenp mepekucHHUX mporeciB y kpoBi Ta KKM
JOCITI/DKYBAT METOAOM XEMITIOMIHeCHeHIT [2] y
nuHamili excriepumenty Ha 0,125 (3 rox); 1-y ,3-10
Ta 6-y noOM BiJ OYaTKy BBeJeHHs i30Toiry. CBiTIIO-
CyMy Ta MaKCHUMajbHY IHTCHCHUBHICTh CBIUCHHS MJIS
cycrensii KKM pospaxoBysamu Ha 10° kmiTun. Ak-
TUBHICTh KaTalla3u y KpPOBiI BH3HAYalM 32 METOJOM
[3]. 3pasku kpoBi Ta KKM Oynu HamaHi CriiBpoOiTHH-
KaM# J1abopaTopii pafiaiiHol HATOTEHETHKH Ta J0-
KITIHIYHOTO BUIPOOYBaHHS pajiodapMIipenaparis.

3a gactkoBoro OiokyBaHHs 11[3 cTabimpHUM Fio-
JIOM yKe uepe3 3 roJ| CIIoCTepiraiy 3HIKSHHS PIBHS
MEPEKUCHUX TPOLECIB K y TeMoi3aTax KpoBi, TaK i
B KKM. Ilicns mepmoi o0u ixHil piBeHb IMOYWHAB
301IbINYBATHCh 1 HA IIOCTY 100y HAOJIM3UBCS 10
BUCXI/IHUX 3Ha4eHb. J[MHAMiKa aKTUBHOCTI KaTajla3u
Y KpOBi Ta IEPEKUCHUX MPOIIECIB Y IMX JBOX rpynax
TBapUH NPOTUJIEKHO CIpsIMOBaHa. Tak, HaWBHIIY
aKTHBHICTh KaTalla3d y KpOBI CIIOCTEpirajiu uepes
3 rox (0,125 no6wu) micns Beexenms °'I i BoHa mepe-
BHIIlyBaja BUCXIiJHI MMOKa3HUKH Yy TPYyIi TBapuH 0e3
onokysanns 113 B 1,4 pa3u, a 3 OIOKyBaHHAM — B
1,3 pasu. ¥V noganemiomy piBeHb aKTUBHOCTI KaTa-
JIa3W 3aJUINABCS IMiIBUIICHUM IOPIBHSIHO 3 BHUCXIif-
HUMH 3HaYeHHSIMH B IUX rpymnax TBapuH. Lle o0y-
MOBJICHO THM, IO TMEPEKHUCHI MpolecH Ha KiHelb
TEPMIHY CIIOCTEPEKEHHs IIe He HOPMAaTi3yBallUCh i
Karajasza, y JaHOMY BHUMAJKY, IPOJIOBKYE BUKOHY-
BaTH (DYHKIIII0 OCHOBHOTO (hepMEHTY aHTHOKCHIAH-
THOT'O 3aXHUCTY.

OtprMaHi faHi 3MiHU BiTBHOPAIWUKaJIHHOTO IIe-
peokucuenns (BPII) y remomizatax kposi Ta KKM
1IypiB CBiT4aTh Mpo Te, Mo BBeAeHi akTHBHOCTI '
K 32, Tak 1 6e3 6nokyBanHs L3 cTabinbHUM HomoM
HE TIPU3BOIATEH JO CYTTEBHX 3MiH mepebiry BPII i
MIPOOKCHIAHTHO-aHTHOKCHUJAHTHOTO CITiBBITHOIICH-
HsI OKHCHOTO ToMmeocTa3sy. lle Bka3ye Ha Te, 10 He-
Mae HeoOXiTHOCTI B IPOBEIEHHI KOPEKITii OKUCHOTO
rOMEOCTa3y 3a HalIXO/KCHHS BiJTHOCHO HEBEIHUKUX
Kinbkocreit °'1 10 oprauismy.

1. LIL. Hposn, A.l Jlunceka, T.B. Luranok ma iu., y
H]opiunux-2011 (I HAH VYkpainu, Kuis, 2012),
c. 119.

2. SIW. Cepxus, H.A. [Ipyxwuna, A.Il. Xpuenko u dp.,
Xemuniomunecyenyus Kpogu npu paouayuoOHHoOM 603-
oeticmeuu (Hayx. mymka, Kuis, 1989).

3. M.A. Kopomwok., JL.W. UBanosa, U.I'. MaiiopoBa u
op., J1ab. memo. 1, 16 (1988).
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CUCTEMA TEPMOCTABUII3ALIL 3PA3KIB JIUISA PAJIOBIOJIOTITYHUX JOCJIJIKEHb

0. C. IBanos', B. A. JliGman’, O. 0. Muxaupkmnii', M. I. Coconkin', O. B. IlleBuenko>

s . . . . . .
Midxcnapoonuil yenmp acmpoHOMIUHUX Ma MeOuKo-eKoao2iyHux docniodcenv HAH Ykpainu, Kuis
2 . .. .
ITncmumym adeprux docnioxcens HAH Yrpainu, Kuig

Juis migTpuMmaHHs 3aJaHOl TeMIieparypu 0ioJo-
TIYHUX 3pa3KiB MiJ Yac ONMPOMIHEHHS HEHUTpOHaMHU
a00 piKOIOHI3yYNM BUIIPOMIHIOBAaHHSM OYJIO CIpO-
€KTOBaHO 1 BHUTOTOBJIEHO CHCTEMY TepMocTabiiiza-
ITii 3pa3KiB i3 BiAJaJICHUM KOHTPOJIEM TeMITepaTypH.
Meton TepMOCTaTyBaHHS — aKTHBHHUH MiJirpiB 3
peneiiHIM perynoBaHHSIM. MeToJ mepenadi JaHux
npo Temreparypy B T-00kci BUOpaHO HaOLIBII TIe-
pemKoo3axullleHnit — “cTpymoBa metis. [laTumk
TEMIIepaTypl - HamiBIPOBIAHUKOBA MiKpocxema
TMP-01.

CTpyKTypHY €JIEeKTpHUYHY CXeMy TepMOCTaTa Ha-
BE/ICHO Ha PUCYHKY. BoHa cKJIaaeThCs 3 TAKUX Yac-
TUH: TepMmocTtatoBaHuii Ookc (T-0okc) 3 kameporo
JUTSI 3pa3KiB; OJIOK KepyBaHHS T-O00KCOM; ITyJIBT Bill-
nayienoro koutpoiro; UTP kabens mynbTa Bijjmase-
HOTO KOHTPOJIIO.
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CTpyKTypHa cXeMa CUCTEMH.

OCHOBHI NapaMeTpr CUCTEMHU:

niarma3oH pobodmx TemrepaTtyp y kamepi +30 -
+44 C,

TOYHICTh miaTpuManHs Temneparypu 1 C;

30BHIIIHA Temneparypa +5 - +24 C;

Yac BCTAHOBJICHHS TEMIIEPATYypH 2 TOJ;

BijicTaHb Bij T-OOkCcy mo OJioKa KepyBaHHS JI0
2M;

BiICTaHh 1O MyJbTa BIIHAICHOTO KOHTPOJIIO
100 m.

[Tpu po3pobui Ta BurotoBieHi T-0okcy mepeBara
Ha/JaBanach MarepiajaM, IO HE aKTHUBYIOTHCS abo
c1ab0 aKTUBYIOTHCS B HEWTPOHHUX MOJSAX: MiTIrpi-
Bad — CBUHIIEBA cTpiduka 3 mepepizoM 0,7 X 1,5 mm;
KOpITyC Ta €JIEMCHTH KPIIUICHHS — 3 TIOJIETHICHY,
MHOTIOIypeTaHy Ta CBUHIIIO; MaTepial BiKHA s
BXOJy BHIIPOMIHIOBaHHS — JIaBCaHOBAa IUTiBKa 3a-
BTOBIIKH 10 MKM 3 arOMIHIEBUM HAITUJICHHSIM.

Cucrema MOXe BHKOPHUCTOBYBATHCh SK y CKIIAAl
EKCIIEPUMEHTAIBHOI OTPOMIHIOBAIBHOI YCTAaHOBKH
Ut HerTpoHno3axBatHoi Tepamii (H3T), Tak i 3 mke-
peaMu piKOiOHI3YI0YOr0 BUIIPOMIHIOBaHHS — MO-
nemoBanns npomeneBoi tepamii (IT1T). Temmeparyp-
HUI Jlialma30H CUCTEMH Ja€ 3MOTY TaKO IPOBOAUTH
eKCTIIepUMEHTH 3 TireprepmMii Ta il komOinarii 3 H3T
abo IIT.

1. BM. Keiin, Koucmpyuposanue mepmopezyisimopos
(Cos. pagmo, Mocksa, 1971).

2. ILA. JaBeInoB, Ananuz u pacuem menniogulx pedicu-
mos, (Dueprusi, Mocksa, 1967).
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OCOBJIMBOCTI MITPAILII TEXHOI'EHHHUX PATIOHYKJIIAIB
Y IPYHTAX BJMW/KHBOI 30HU BIJUYKEHHS YAEC

A. L. JIunceka, B. 1. Hikoaaes, B. A. lllutiok, M. B. Kearono:xkcoka, H. B. Kymiu

Incmumym si0eprux docnioncenv HAH Yrpainu, Kuig

IIpoBeneHO OIIHKY Mirpamii pamioHYKIiIIB Y
IPYHTOBO-POCIMHHUX KOMIUIEKCAaX OIMKHBOI 30HU
YAEC. [locmimkeHo BMICT Ta pO3MOILT pagiOHyKITi-
IIiB Ha TEPUTOPIAX 3 PI3HUM peibedoM Ta CTyneHeM
3BOJIOKEHHSI TPYHTIB. {151 mociimkeHs Biqoupanmch
TISHKA HaAO1IbII THIIOB] I maHol micuesocti. Ha
JOCIIJHOMY TIOJIITOHI HepeBa)kalld IepHOBO-IiA30-
JHCTI MiIaHi Ta cymimani rpyHTH. MicsiMu 3ycTpi-
Yanch 3a00J104eHi 3HIKEeHHS. KHUCIIOTHICTD IPYHTIB
Ha penepHux AinsHkax oyna pH =5 - 5,5. TpaBocriii
Ha TOHWKEHHSX TYCTHH, B OCHOBHOMY OCOKOBHH.
Ha cyxux rpyHTax 0igHa 371aKOBa pOCIHHHICTb.

VY Micusx Bigbopy mpob IpyHTY BHMIpOBAIH TO-
TYXHICTb JO3HW Y-BHIIpoMiHIOBaHHS (Bim 600 1m0
5000 mxP/rom). Xapakrep i BETHUHHY BEPTHKAIHHOL
Mirparii pamioHyKIiIiB Y IPyHTOBOMY Tpodisi m0-
CITIDKyBaIH MOIIapoBo jo rmmbouau 30 cM. Pociua-
Hi poOu BimOMpa y Ha THUX K€ AUITHKAX, 1110 1 Ipy-
HTH. Ilicns cranmapTHOI JTabOpaTOpPHOI MiATOTOBKH
po0 MPOBOAMITH TXHIO Y- Ta B- cneKTpOMeTpuo

Ha cyuacHomy erami *'Cs i *Sr e ocHoBHUME
BI/IHpOMlHIOBa‘{aMI/I o q)opMyIOTL Paai0aKTUBHICTh
IpyHTY. BMiCT iHIIUX pafiioHYKIiIiB y IpyHTax OyB
He3HauHui [1].

BusiBieHO TepuTOpianbHy HEpiBHOMIPHICTH 3a-
OpyIHEHHS JOCTIIHUX JUISHOK paJiOaKTHUBHUMU
BUKHJIAMH Ta BIJIMIHHOCTI Y TiIPOJIOTIYHUX YMOBaX.
Jliama3oH TIUTBHOCTI 3a0pyIMHEHHS TEPUTOPIi JOCTi-
nHEIBKOr0 momirona 'Cs (13 - 62) MBr/m?, *°Sr
(0,30 - 1,85) MBx/M?, **'Am (0,07 - 0,12) MBx/m>.

Bwmict pamioHyKIIIIB y BEpXHBOMY IIapi IPYHTY
(0 - 2 cM) 3 pi3HUX AUISTHOK HPEACTABICHO B TAOJIHIIL.

IInToMa aKTUBHICTH BEPXHBHOTO LIAPY IPYHTY
3 pi3HUX IUISIHOK JOCTiTHOT0 MOJiroHa

Tinsnka . ITutoma aKTI/Igl(S)HiCTL, 1<]SI</I<2r4 :

Cs Sr Am
1 169 £ 8 56+6 4+£02
2 245 £ 12 152+ 17 7+04
3 319+ 16 78 +9 4+£02
4 436 + 22 222 +£25 16 £0,8
5 447 £ 22 70+9 6+0,3
6 1026 £ 51 190 + 21 11+0,5

Ha Oimpmiocti DOCTIAHHUX AUISHOK KOHIICHTpAITis
Cs B rpynri Gyma B 1,5 - 3 pasu GibIoro, Hixk " ST.
3araapHOI0 3aKOHOMIPHICTIO BEPTHUKAIBLHOTO PO-
3MOUTY PaXiOHYKIIIAIB B YCiX THIAX IPYHTIB € €KC-
MTOHEHIIiaThbHEe 3MEHIICHHS IXHBOTO BMICTY 3 TIIHOH-
HOM0, TIPU I[LOMY MPOIECH MEPEPO3NOIiITy IHTCHCH-

[IOPIUHUK - 2012

BHiIIe BiOyBaloOThCs B TiazpoMopdHHUX TpyHTax [2].
31 301IBIICHHSIM CTYTICHS 3BOJIOKCHHS TPYHTIB TIIH-
OMHA TPOHWKHEHHS OCHOBHOTO 3amacy pamioHYKIi-
IiB 30inpmIyeTses 1o 10 cMm.

Haiibinpmmii BMIiCT pagioHYKJIiTiB (,Z[O 90 %) pe-
ECTPYETHCS Y BEPXHHOMY KOpeHeBMICHOMy mapi
IPYHTY, IO CBIJYUTH MPO HU3bKI TEMITH TXHHOI Bep-
TUKAJIBHOI Mirparlii. 3aBIsKy MaJiid IBHKOCTI MiT-
parlii HalOIMKYUM 9acoM He CJIiJI OYiKyBaTH CYTTeE-
BOT'0 OYMIIIEHHS [BOTO MIAPy IPYHTY.

JlocmipkeHO HAKOMUYEHHsI PaliOHyKIiIiB  poc-
nuHamu. B Polytrichum commune, Carex hirta (L.),
Stipa tenuissima (L.), Calluna vulgaris (L.) 3apeect-
posamo HasHicTs 'K, *'Cs Ta *’Sr. BusiBieHO Mik-
BUJIOBI BiaMiHHOCTI, BMicT " CS B POCIHHAX Bapiio-
BaB Bix 170 mo 730 xbr/kr, a *’Sr GyB B Mexax 95 -
680 xbk/kr. BMicT pamioHYKIiIiB y pocinHax 30i-
JBIIYETHCS MPOMOPIIIHO 31 3pOCTAaHHSM iX KOHIIEH-
Tparii B IpyHTI.

HocnimkeHno npobu HagzeMHOi (iTOMacH KyIIiB
Calluna vulgaris (L.). Y maHoro BUIy POCJIHH CIIO-
cTepirany BUCOKi Koe(illieHTH HaKOIMMYECHHS pajio-
HyknigiB. Lle Moxxe Oyt 00YMOBIEHO THUM, IO KO-
PiHHS Bepecy TiCHO OIUIETEHE MIKOPH3010, sKa IO-
Kpallye IOCTYIl TIO)KUBHUX PEUYOBHH Ta PadioHyKJIi-
IiB 13 TpyHTY. TakuM 4nHOM TpHOH IHTEHCHDIKYIOTD
HAJXOJDKCHHS PATIOHYKJIIMIB 10 BHINUX POCIIHH,
0COOIMBO [0 THX, SKI 3HAXOASATHCS B CUMOIO31 3
rpubamu. BusBIeHO BiIMIHHOCTI B HaKONMWYEHHI
PamIOHYKIIIIIB MK JIUCTSAM, IUIOJAMHU Ta TUIKaMHU:
Bmict 'Cs Ta ’Sr 3pocTae B psigy “TiNKH - JHCTS -
wioawn”. YCTaHOBIIEHO, IO PiBHI HAKOIWYEHHS pa-
TIOHYKJITIB pociuHaMH B 2 - 3 pa3d HWXKYi, HIK Y
rpu0iB, BiiOpaHUX HA OHUX 1 THX XK€ JUITHKAX.

BusBneHo, 1m0 BemMUMHA aKyMYJIALIi pagioOHyK-
JITIB JIICOBOIO MMiJICTHIIKOIO iICTOTHO BapilO€ 3aJICIKHO
Bif ii THy.

OTxe, IHTEHCUBHICTH MEPEXOY PaliOHYKIIIIB i3
IPYHTY B POCIWHHICTh 3aJIeKUTh BiJ CYKYITHOCTI
(hakTOpiB OIOTHYHOI Ta a0iOTHYHOI TIPUPOAH, Cepel
SIKMX: BJACTUBOCTI IPYHTOBO-IIOTJIMHAIBHOIO KOMII-
JIEKCY TpyHTIB, pH IpyHTY, BMIiCT BOJIOTH, METEOPO-
JIOTIYHI YMOBH, BHJIOBI OCOOJIMBOCTI POCIIMH Ta iH.

1. A.L Jlunceka, M.B. XXentonoxcbka., B.I. Hikonaes
ma in. Miscnapoouna nayk.-npaxm. koug. “Onveitico-
Kuil popym — cmpameeii Ykpainu 6 eeononimuyHomy
npocmopi” (CeBacromomns, 2012), c. 37.

2. M.B. Xentonoxckas, H.B. Kynuu, A.W. Jlunckas u
op. Slnepua ¢izuka Ta enepreruka 12(4), 394 (2011).
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METOA OJHOYACHOI'O BUMIPIOBAHHS YPAHY, PANIIIO-226
TA KOE®IINIEHTA PAJIOAKTHUBHOI PIBHOBAI'M B IIPOBAX YPAHOBUX PY]]
3 BUKOPUCTAHHSM T'AMMA-CIHEKTPOMETPUYHOI CUCTEMM U-Pu InSPECTOR

I. A. Mamwok, O. ®@. Pynuk, B. B. Tpummn

Inemumym sadeprux docniosicene HAH Vipainu, Kuis

3amponoHOBaHO TaMMa-CIIEKTPOMETPHYHUN Me-
TOJ OHOYACHOTO BUMIpIOBAHHS ypaHy, -°Ra Ta Bu-
3HaueHHs Koe(illi€eHTa pPai0OaKTHBHOI pIiBHOBAard
(KPP) Ha OCHOBiI NIEKOHBOIIOLII CyMapHOro IIiKa
peectpanii ramMmma-BunpomiHioBanHs 185,7 keB By
i 186,2 keB *°Ra 3 BUKOPHCTAHHSM CIIEKTPOMETPH-
gHoi cucremu U-Pu InSpector ta mporpamHoro 3a-
oesneuenHs Genie-2000 ¢pipmu CANBERRA [1].

Merton opi€HTOBaHO Ha eKCIpecHe JadopaTopHe
3a0€3MeYeHHs] TE€0J0TOPO3BIAYBAILHUX POOIT TpH
NOUIYKY YPaHOBHX POJOBHII (OCOOJIMBO 3 HEPIBHO-
BaXHUMH PyJlaMH, SIKi OCTaHHIM YacOM BHKIHKAIOThH
HiIBUIIEHY yBary y 3B’SI3Ky 3 PO3BHUTKOM TEXHOJO-
Tifl Mi[36MHOTO BHJIYTOBYBaHHS).

Busnauenns KPP 3 BHCOKOIO TOYHICTIO BUKIIUKAE
iHTepec 1 B AAepHil KPUMIHAIICTHUII, OCKIIBKH BiH €
OJTHI€I0 3 XapaKTepHUX O3HAK (CHTHATYP) YPaHOBUX
pyn.

OcoOnMBICTIO METONY € 3AaTHICTh BU3HAYATH
KPP (BigHOIICHHS TUTOMOI aKTHBHOCTI 226Ra o
nuTOMOi akTHBHOCTI >*U) 6e3 BUKOPHCTAHHS CTaH-
JapTHUX 3pa3KiB ypaHy 1 pafito 3a GopMysoro

S 26pa
— 186.2 keB |
Pp S 2355 5
185.7 xeB

26R, . 35 . . . A
€ Sigerres 1 Sigs7xep — KUIBKICTB IMITyJIBCIB, OTPH-

MaHa B pe3yJIbTaTi IEKOHBOJIOIIT CyMapHOro ITiKa, a
C — KOHCTaHTa, 5IKa PO3PaxoBYETHCS 3a POPMYIIO0

IzssU ] 38y .stsU
— _Tigs7 12 —
C_ 225;{ 235 23877 2 C=0.739 s
a 18} . U
T186.2 12 u

He I23SU i IZZORa

T1g5.7 T186.2

— KBaHTOBI BHXOJIU TaMMa-BUIIPOMi-
HIOBaHHS 3 eHepriero 185,7 ta 186.2 keB pamioHyk-
. . 238 235 . .
miniB **U i *°Ra; T,V i T,,Y — nepiomu Hamis-

. .. . 235 . 238
posmany pamionykmigia Ui >°U;n Y im U —

aToMHa 0715 pagionykiais >°U i 2*U B ypasi.

Takwuii cnioci6 po3paxynky KPP miHimi3ye Benu-
YUHY WOr0 HEBH3HAYEHOCTI, SKa 3aJICKUTh TLIBKU
BiJI HOXHMOKHW JTEKOHBOJIONII CyMapHOTO ITiKa raMMa-
BUIpoMiHIOBaHHA ~°Ra i *°U, a pemTa MHOXHHUKIB
y opMyrax — siaepHi KOHCTAHTH.

[lpu HasBHOCTI CTaHIAPTHOTO 3pa3ka ypaHOBOI
pyau nuromi aktusHOcTi 2PU 1 *°Ra B pocmimkyBa-
Hil Tpo0i BU3HAYAIOTHCA 32 (hopMynaMu

A238U SZ35U
Wu_Leg 1857 keB " b3

A

235U bl
Scaisses  t-m

26, 38y
A T=A "-K

PP »

B8y - 238
Jae A.; — akTuBHICTH ~ U B CTaHJAPTHOMY 3pasKy,

t, tc3 — 9ac BHMIipIOBaHHS JOCIHIKyBaHOI TpoOu i
CTaHIAPTHOTO 3pa3Ka BiAMOBITHO; M — Maca JOCHi-
JKYBaHOI TpooH.

Jlnsi BUMipIOBaHHS BUKOPUCTOBYETHCSA OJHA Ha-
Ba)KKa ypaHOBOI pyau 0e3 repMeTH3allii i JOBroTpH-
BaJIOi BUTPUMKHU MPOOHU JJIsl JOCATHEHHS Pai0aKTH-
BHOI piBHOBaru Mix “*°Ra i iforo godipHiMu Hpomy-
KTaMH PO3May.

Ha pucyHKy HaBeleHO MPHKIAA JEKOHBOIIOIIT
CYMapHOTro TiKa B raMMa-crekTpi pyau 3 KPP = 1.

KinbkicTh BiIUIIKIB

AU — T

T T (S ——

15000}

P11 1] S e

R

184.5 185.5

186.5

keB
JexonBomorisi cymapHoro mika 186 xeB
y raMma-ciexTpi ypanonoi pyau 3 KPP = 1.

[linTBepmKEHO HAMIMHICTH aNTOPUTMIB JCKOHBO-
JIOIIT CYyMapHOIo IMiKa TramMMa-BUITPOMIHIOBAHHS
22Ra i **°U B mianasoni KPP Bix 0,1 mo 10.

3anpornoHOBaHUN METOJ [acTh 3MOTY CYTTEBO
CKOPOTUTH aHATITUYHHUH IHKJII, 3HU3UTH TPYIOMiCT-
KiCTh BUMIPIOBaHHA W MiABULIMTH JOCTOBIPHICTbH
pe3yNbTaTiB aHATI3y.

1. U-Pu InSpector. CISE 943. V1.0 3/95. User’s Manual.
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EKCIOEPUMEHTAJIBHA YCTAHOBKA IJIS1 JOCJIAIB
3 HEMTPOHO3AXBATHOI TEPAIIIQ

B. A. Jlioman', B. ®. Pasoyaeii', B. B. Tpummun', JI. E. Yepsouna',
0. b. llleBuenko', I'. M. JIappenuyk’, FO. C. IBanos’, O. 0. Muxausknii’, M. I'. Coconkin®

I . .. ..
Tucmumym s0eprux docniooceny HAH Yrpainu, Kuig
2 . . N .. ..
Jeparcasna ycmanoea Hayionanonuii nayxoeuu yenmp HAMH Ykpainu, Kuis
y MiscHapooruil yenmp acmpoHOMIMHUX MA MeOUuKo-eKor02iyHux oocaioxceny HAH Yipainu, Kuig

Ha ocHOBI icHy10401 OIIPOMiHIOBaJIbHOT yCTAaHOB-
KM IS HEWTPOHO3aXBAaTHOI CHHOBEKTOMIi Ha TOpU-
30HTATBLHOMY KaHam Ne 5 MOCIHiTHUIIEKOTO PeaKTo-
pa ISJI HAH VYkpainu CTBOPEHO yCTaHOBKY, IIO
JIO3BOJISIE 3JIMCHIOBATH HEHUTPOHHE OMPOMIHCHHS
OlosoriyHMX 00 ’€KTIB TIpH 3aJaHii TeMmIepary-
pi. st uboro OyJio 3po0iieHO cUCTeMy TepMocTali-
mizanii miamocHigHUX Oi0JIOTIYHUX 3pa3KiB IMiJl 4ac
OMPOMIHECHHSI HEUTPOHAMM 3 JUCTAHI[IHHUM KOHT-

poneMm Temrieparypu. TOYHICTH MIATPUMAHHS 3aja-
Hoi Temneparypu 1 °C.

[InsxoM CTBOpEHHS MaTeMaTHYHOI MOJEIi ycTa-
HOBKM Ta pO3paxyHKiB 3a merompoMm Monte-Kapmio
OyJI0 TOCTiHKEHO HEWTPOHHI OISt BCEPEANHI TepPMO-
crabimizoBaHoi kamepu. [Ipu poMy Oynw BpaxoBaHi
BUXiJIHI TapaMeTpy HEHTPOHHOTO IMyYKa, [0 3MiHU-
JICh YHACIIIOK TIEPEBOly peakTopa Ha HU3bKO30ara-
YeHe MMaJIvBo.
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Ewnepris neiirponis, MeB

11ipHOCTI MOTOKY HEWTPOHIB Ta MOTYKHOCTI ekBiBasieHTHOT 1031 (ITE/]) y Tepmocrari.
CepenoBuiie — 0i070rYHA TKAHUHA.

CrekTp HEHUTpOHIB OyB TEPEBaXKHO TEIUIOBUM,
10 OyJI0 JOCSATHYTO PO3MIIICHHSAM Ha My4Ky MOHO-
KPUCTAIIIYHOTO KpPEeMHit0 TOBXHHOIO 40 cM U Jiame-
TpoM ~ 10 cM. Byso po3paxoBaHO MOTOKM HEUTPO-
HIB y IIEHTpPI TepMOCTaTa 3a HAasSBHICTIO Ha MYYKY
HEHUTPOHHOTO (iTBTPa 3 MOHOKpPHUCTaJa KPEMHIIO,
SIKMH 3aCTOCOBYETBCS Ul 3HIKCHHS DPIBHA (oHA
IIBUIKMX HEHTPOHIB Ta ramma-npomeHiB. Po3paxo-
BaHO CIEKTPU Ta IIUIBHOCTI OTOKIB HEUTPOHIB, TO-
TY>KHOCTi TIOTJIMHEHNX Ta €KBIBaJCHTHUX paJlialliii-
HUX 7103 BCEpenuHI TepMOOJIOKa Ha MO3MINI po3Ta-

[IOPIUHUK - 2012

IryBaHHS OioJjoriyHMX 3pa3kiB (pucyHok). Ilokasa-
HO, II0 BBEIEHHS OOPOBMICHHX CIIONYK Y TKaHHHY,
HATIPHKIA GOpHOT KHCIOTH, 3 BMicToM i3otony ''B
0,3 % migumye 11E/] B onpoMiHIOBaNbHIN Kamepi
Ha ycraHoBli y 300 - 400 pasis. Otpumani pe3yiib-
TaTH CBiIYaTh, IO (BpaxoBYIOUH TeMIepaTypHUIl
Jliarma3oH TepMOoCTara) MapaMeTph yCTaHOBKH JIO-
3BOJISIFOTH MTPOBOAMTH 3 i1 JOMOMOIOIO JOCIIKEHHS
in vitro 3 HEWTPOHO3aXBaTHOI Teparii, rimeprepmii
Ta KOMOIHAIIl IIMX TBOX METO/IiB JIIKyBaHHSI.

133



AHOTALIIl POBIT

MOJIU®IKYIOUMIA BILIMB HEMTPOHO3AXBATHUX ATEHTIB
HA PAAIOTI'EHHI 3MIHHM B KJITHHAX IN VITRO

I. /1. JlaBpenuyk', 10. B. IlleBuenxo’, B. B. Tpumnn’

' TV “Hayionansnuii naykosuti yenmp padiayiiinoi meduyunu HAMH Ykpainu”, Kuig
? Incmumym sdeprux docnioocens HAH Yipainu, Kuig

OnHuM 3 HaWOIBII MEPCICKTHBHUM, ajieé OJHO-
YacHO ( HAaHOUIBbII CKIAJHUM BapiaHTOM IpPOMEHe-
BOI Tepamii MyXJIMH € HEUTPOHO3axBaTHAs [IPOMEHE-
Ba tepamis (H3T) [1 - 3]. CemektuBHaA gocTaBKa
atomis '’B 110 MyXIMHM 1a€ 3MOTY, ICIs BIUTHBY
TEIJIOBUMH HEWTPOHAMH, PO3PaxOBYBaTH Ha JIOKa-
JIbHE TIONTKOKEHHS TUTHKU caMmoi MimreHi [3]. bara-
TOOGILIOUMM HATIPAMKOM € CHMHTe3 ' B-, a6o/Ta
'"'Gd-BMicHEX CHIONYK, SIKi MOEIHYIOTH SK BIACTH-
BOCTI HEWTpoHHO-3axBaTHHX areHTiB (H3A) nans
HEeHTpoHO3axBaTHOI Tepamii [4, 5], Tak i poToceHcu-
oimizaropiB (®C) s iHIIOro OIHAPHOTO METOAY,
tdhoroguaamiunoi Tepanii (PT) i mo cyTi € yHiBep-
CaTFHUMH 200 HEUTPOHHO-(POTOHHIUMH CEHCHO1Ti3a-
topamu (HOC). Metoro mociimkeHHsT OyJ0 B eKc-
MEPUMEHTI B TECT-CUCTEMI KIITHUHHOI MOIMYJISAii BU-
3HAYHUTH JT030BY 3AICKHICTh KIITHHHUX PEAKITiH 3a
yMOBH o€ HaHoro BBy H3A Ta pamiarii.

JocnimxeHHs: BAKOHAHO Ha KYJIbTYpPl KIIITHH JiHiT
Loy. bByno Buxopucrano H3A: 1-xapb6a-xio30-
nmonekapbopar mesito ta {5, 10, 15, 20-terpakuc|[n-
(1°-kap0ba-xr030-nonekapbopan-1’-in)rerpadropde-
Hin|17,18-murimponiopdipuH} HATPit0 B KOHIEHTpAIIii
0,1 mxr/mi. OnpowminioBanu y-kBantamu “°Co B J10-
3ax 0,5, 1,2,3,4,5,7,5 ra 10 I'p. KinitnHi Biamosini
OIHIOBAJIA Y Pi3HI TEPMiHU KyJbTHBYBAHHS KIITHH
3a 3aralbHONPUHHATHMHU TOKa3HUKAMH JKUTTE€3aT-
HOCTi: mpomidepaTiBHA Ta MITOTHYHA AaKTHBHICTD,
KUTBKICTh aTHIIOBUX ITOJIIKAPIOIHTIB, alloITO3.

VY pe3ynbTari eKCIepUMEHTaIbHUX IOCIHiIKEHb
13 3aCTOCYBaHHSIM TECT-CUCTEMHU KyJIbTYpHU Ieperie-
IUTIOBAHUX KIIITHH Ta HU3KU MOKA3HHKIB iXHIX MOp-
¢bodyHKIIOHATEHUX XapaKTEPUCTHK OYJI0 OTPHUMAaHO
3aJISKHOCTI «103a - e()eKT» 1 BCTAHOBIICHO XapaKTep
Ta 0COONMBOCTI NOEJHAHOTO BIUIMBY Ha BIDKUBA-
HICTh Ta amonTo3 KiithH H3A Ta y-BUIIpOMiHIO-
BaHHSI, SIKE € CYIyTHIM Il HEUTPOHIB CIEKTpa I0-
Iy, 3 METOIO ITPOTHO3YBAHHS IHTETpabHOI eKBiBa-
JIGHTHOI T0O3W Ha OCHOBI BH3HAYCHHS Ta aHAJI3y
OTPUMaHUX KITITHHHUAX PEaKIii.
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BucHoBku

1. YcraHoBineHo, IO MNpH IHKyOAaIi KIIITHH,
orpoMiHeHuX y Aiana3osi 103 0,5 - 10,0 I'p, 3 H3A B
koHmeHTparii 0,1 MKI/MI croctepiraeTbcs m0303a-
JIe)KHA 3MiHA BIKUBAHOCTI (KJIOHOTEHHOI 37aTHOCTI)
KiTHH. JI030Bi 3aJI€KHOCTI UTS BCiX TPHOX BapiaHTIB
JIOCITiTiB 30iraloThesl Ha BCbOMY JJO30BOMY iHTEpBaJI,
OKpiM 11031 5 I'p, 10 MOXKE CBIMTYUTH MPO OCOOIHBI
MEXaHI3MH 1HAKTUBALi] KITITHH.

2. BusBneHo, mo iHKyOalist KJIiTHH, ONpOMiHe-
HUX y Mamiit no3i 0,5 I'p, 3 H3A He mpuzBoauts 10
aKkThBi3aIlii mpomidepamii Ta BIKHBAHOCTI KIITHH
MOPIBHSHO 3 OKPEMOIO JI€F0 BUIPOMIiHIOBAaHHS.

3. AHami3 MITOTUYHOI aKTUBHOCTI B TeCT-
CUCTEMi KyJNbTYpPH KIITHH 32 YMOB IIO€IHAHOI mii
H3A (xapOopaniB Ta nmop¢ipuHiB) Ta ONPOMiHEHHS
MOKa3aB, IO AJS HUX XapakTepHi pi3HI MeXaHi3MH
BIUTMBY Ha KIIITHHH, SIKi BiAPI3HAIOTHCS BiJl OKpEeMOi
Il pamiaiii: BHKJIMKAIOTh 3aru0elib KIITHH 4Yepe3
ONOKyBaHHS MITO3y (UM TATOJIOTiI0 MiTO3y) abo X
gyepes HEKpoO0io3.

4. Bu3HAYEHHS aronTo3y B TECT-CHUCTEMI KYIb-
Typy KIITHH TIOKa3ajJ0 ¥ JIOBENO, IO MEXaHi3MHu
iHaKTUBaIlii onpoMiHeHnX KimituH 3 H3A pi3ni: ans
peareHTy b mepeBaxkarounmMm € 3aru0enb KIITHH
[UISIXOM aIloNTO3y, Ul peareHTy A J0Ja€eThCs IIe i
HEKPO3.

1. €.B. XmeneBcokuif, CydacHuil cTaH Ta NEPCHEKTHBU
HEeWTpOH3axBaTHOI MpoMeHeBoi Tepartii. http://vestnik.
/mncrr.ru/vestnik/v7/papers/khmelevsky v7.htm.

2. 10.C. Mapneiackuit, B Mam. VII Bcepoc. nayun. ¢o-
pyma. Paouonoeus 157 (20006).

3. Y.J. Nakagava, Neurooncology 62, 87 (2003).

4. B.A. Snposckas, XuMHKO-(QapMaeBTUICCKUN Kyp-
Hai, 45(12), 89 (2011).

5. J.C. Yanch, Med. Phys. 26, 364 (1999).
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PAIIOEKOJIOI'TA TA PAAIOBIOJIOITA

OLIHKA BIUVIMBY HA JOBKLLJIA KOMILIEKCY ITEPEPOBKH
PAJIOAKTUBHUX BIAXOIIB (PEKOHCTPYKLISI) HA 3AIIOPI3BKIN AEC

B. B. Tpumun, O. B. I'aiinap, O. B. CBapuueBcbka, O. B. CBsTyH,
L. O. I1aBaenko, T. O. I'aiinap, P. B. 3aBana

Incmumym adepuux docnioscens HAH Yrpainu, Kuig

OnHiero 3 HEOOXIAHMX YMOB CTaJIOTO PO3BHTKY
HAIIOi IePKAaBU € BUPILICHHA MpoOJieMH i1 HagiHHOTO
eHepro3abesnedeHHs. [Ipu Bcix eKoNoOTidYHUX mepeBa-
rax BUKOPUCTaHHS BiJHOBIIIOBAIBHHUX JDKEpET CHep-
TeTUKH BOHH, IIOHAMMEHIe HAHOIMKIYUM 4acoM, He
3MOXKyTh TIOBHICTIO 3aMIiHWATH TpPaJUIliiiHI IKepena
€HEproloCTayaHHsd, 30KpeMa aTOMHOI EHEpPreTUKH.
OnHak eKOJIOTIYHO BUIIpaBJaHe BUKOPUCTAHHS aTOM-
HOi €HepreTHKH BUMAarae sik IiIBUIIECHHS piBHA 0e3-
MEKN Ta HAIIHHOCTI eKCIUTyaTallii caMuX €HeprooIio-
KiB, TaK 1 peTeJIbHOTO BUOOPY BiAMOBIAHUX JOTOMIXK-
HHUX TEXHOJIOTIH, 30KpeMa 3 MiHiMi3amii Ta iMMoOisi-
3arii pamioakTHBHUX BigxomiB (PAB).

QaxiBusiMu  LleHnTpy ekonoriuHux —mpoOiem
atoMHoi eHepretuku [51/1 HAH Ykpainu nposeneno
OLIIHKY BIUIMBY Ha HaBKOJIMILIHE CEpelOBHIIEC HOBUX
TEXHOJIOTIYHUX PIllIeHb, SIKi TUTAHYIOTBCS JI0 BIIPO-
Ba/DKEHHSI Ha KOMIUIEKCI 3 MepepoOKH pajioaKTHB-
Hux BigxoxaiB (KIIPAB) na maiimanunky 3amopisb-
koi AEC (BAEC). 3okpema, mianamMu 3 peKOHCTPY-
kimii ta wmogepHizanii KIIPAB mnepenbavaerscs
BCTAHOBHUTH HOBI YCTaHOBKH sl (pparMeHTaIlii Be-
nukorabaputHux PAB, cmamioBaHHS BiAmpaiiboBa-
HUX PaJi0aKTUBHO 3a0pyTHEHNX MACTHJI Ta TBEPAMX
roprounx PAB, mpecyBaHHS TBEpIUX HETOPIOUUX
PAB, ycraHOBJICHHS HOBOI CHCTEMH pajiaIliifHOTO
Ta XIMiYHOTO MOHITOPHHTY Y BUKUAX 3 MOJIEPHIi30-
BaHoro KITPAB 3AEC.

Orninka TpoBeleHA Yy TMOBHIM BiIMOBIAHOCTI 3
BHMOTaMH 3aKOHOJIaBcTBa Ykpainu [1 - 3], 30kpema
JBbH A.2.2.-1-2003 [4], Ta peKOMEHIAIIIMU MiXKHa-
POTHUX OpTaHi3aIlii.

Jlns oOrpyHTYBaHHS IOIUTBPHOCTI 3aIlJITaHOBAHOL
JISUTHOCTI Ta XapaKTepUCTUKU ICHYIOUOTO CTaHy
OyJi0 MpOBENEHO aHali3: AJaHUX MO0 HAKOIMMYCHHS
PAB na mafinanunky 3AEC Ta icCHyIOUNMH TTOTYXK-
HOCTSIMH JUTS IXHBOI IepepoOKH 1 30epiranHs; iHDO-
pMariii momo MeToAiB noBomkeHHs 3 PAB, ixHbOI
e()eKTUBHOCTI Ta BIUIMBY Ha JOBKIJJISA B IOPiBHSHHI
3 3aIPOIOHOBAHUMHU JJIsl BIPOBAKEHHS B MPOCKTI
MOJICpHi3allii; eKOJIOTiYHOI Ta COI[iaIbHO-EKOHO-
MiuHOi cutyamii B parioni 3AEC 3a ocranHi pokn
(2005 - 2011); manmx pamiaiifHOTO MOHITOPHHTY

[IOPIUHUK - 2012

ra30-aepo30JIbHUX BUKUIIB PagiOaKTHBHUX PEYOBUH
06’exramu 3AEC (6 enepro6iokis BBP-1000 Ta 2
crierikopmycu) Tomro. IIpu anamizi OyjI0 BHKOpHCTa-
HO cydvacHi MeToau oOpoOku iHpopmalii, y ToMy
YUCITI W MTPOCTOPOBO-PO3MOIIICHOI.

[Ipn owiHIll BIIMBY HA OTOYYIOUE CEPEIOBHIIE
MoJepHizoBaHux yctaHoBok KIIPAB 3AEC 6yno
BpaxoBaHO SIK pajialliiHy, TaK i XiMiYHY CKJIaJIOBi
BIIKBIB. OIIHKM CBiT9aTh, IO 3aBASKH 3aCTOCY-
BaHHIO 0araTOCTYNEHEBOI CHUCTEMH 1HXCHEPHHUX
Oap’epiB 3HAYEHHS PIYHOI €PEKTHUBHOI J03U 3a pa-
XYHOK YCIX IIIAXiB (DOPMYBaHHS BiJ ra30aepo30Jib-
HOTO BUKHUIY HE MEPEBHUIYIOIOThH 10 MK3B/piK, 110
€ 3HaYHO MEHIIOI BEIMYUHOIO BiJl yCTaHOBJIEHOI
HPBY [2] xBoTu nimity no3u 40 Mx3B/pik. Buknau
ximiuamx 3abpymHiorounx pedoBuH CO, HCIL, SO,,
NOx mpu po0oTi ycTaHOBKH cniayfoBanHs PAB 3Ha-
YHO MEHIIE 3a TPaHUYHi JOMYCTUMI BUKWJIHU, yCTa-
HOBJICHUX JUISl CTalliOHAPHUX JKEPENl BUKUILY.

Po3paxoBani BenmmunHN €(EKTHBHUX 03 TIpH
MPOEKTHUX Ta 3alpPOCKTHUX aBapisiX, M0 HE Mepe-
BUILYIOTh 10* Ta 107 M3B BIAIIOBIAHO, TaKOX BU-
SIBIJTUCS] 3HAYHO MEHIITUMH BiJ MiHIMAJBHUX PiBHIB
BUIPABIAHOCTI [UIA BXXUTTS HEBIAKIAJHUX KOHTP3a-
xoxiB — 1 M3B — oOMexeHHs nepeOyBaHHs JiTel Ha
BIIKPUTIi# MiCIIEBOCTI.

Takum 4MHOM, IPOBENICHA OLHKA BIUIMBY Ha Ha-
BKOJIMIIIHE TMPUPOJIHE, COLiajbHE Ta TEXHOTCHHE Ce-
PEIOBHIIE CBITYUTH MPO AOIUIBHICTh peaizallii mpo-
eKTy PEKOHCTPYKIIiI Komruiekcy rnepepodku PAB Ha
3AEC, 10 1acTh 3MOTY TOJINIIHATH €KOJIOTIYHY CUTY-
alilo B PerioHi 3a paxyHOK iXHbOI MiHiMi3awii Ta 3a-
OesreveHHsT yMOB Oe3MeYHOro THMYacoBOTO 30epi-
raaas PAB Ha maiinanunky 3AEC 3 mogamsImoro ix-
HBOIO TIepellaucto Ha TpUBajie 30epiraHHs JI0 IICHTpa-
J30BaHOTO ITyHKTY 30€piraHHs 4u 3aXOpPOHEHH:L.

OCIIY-2005, ICIT 6.177-2005-09-02.

HPBY-97, ITH 6.6.1.-6.5.001.98.

HPBY-97/]1-2000, AT'H 6.6.1-6. 5000-2000.

Ckiaj i 3MicT MaTepialliB OI[IHKH BIUIMBIB Ha HaBKO-
mumHe cepenosumie (OBHC) mpu npoektyBanHi i Oy-
JMIBHUITBI MiANpreMcTB, OyamHKiB 1 cmopyxa. JBH
A.2.2.-1-2003.

N
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CIIOHTAHHA YACTOTA ABEPAIIN XPOMOCOM VY KHUTEJIB
MICT KUEBA I YEPHII'OBA

JI. B. Tapacenko, T. B.Iluranok, 0. O. Hocau, T. B. Meabunk, JI. K. be3apoona

Incmumym si0eprux docnioxcenv HAH Yrpainu, Kuisg

CrionTanHi piBHI abepaiiii XpOMOCOM y KJIITHHAX
JFOJTUHU €, 3 OAHOTO OOKY, TIOKa3HUKOM €KOJIOTIYHO-
IO CTaHy JOBKULIS Ta PU3HUKY PO3BUTKY 3aXBOPIOBAHb
13 TEHETUYHUM KOMIIOHEHTOM, a 3 1HIIOTO — BUKOPHUC-
TOBYIOThCS K 0a30Bi JIaHI MPH JOCII/HKEHHI BILIUBY
Ha JIOJIMHY Pi3HUX FT€HOTOKCUYHUX YAHHHKIB.

Po3BUTOK Cy4yacHUX TEXHOJOIiH, BHUHUKHEHHS
TEXHOTEHHUX aBapiii MOCTYNOBO 301IBIIYIOTh HaBa-
HT2KEHHS Ha JOBKULIA 1, IK HACTIJOK, HA T€HOM
moauad. YopHOOUIIBChKA aBapis CyTTEBO MOTIipIIH-
Jla pa/lioeKOJIOTIYHANA CTaH MOBKULIS, MIO JUKTYE
HEOOXiZHICTh BUBYCHHS CIOHTaHHHX DPIBHIB MyTa-
TeHEe3y 32 HOBUX YMOB.

Mertoro nmocmimxeHHs! Oyll0o BUBYECHHS! CIIOHTAH-
HOTO piBHS abepalliii XpOMOCOM Y JIiM(pOIUTaX Kpo-
Bi KJIiHIYHO 3710poBuUX uTeniB KueBa ta Uepnirosa
(mict, mo odiniitHO HE BiTHECEH] 10 30H pajioaKTH-
BHOTO 3a0pymHeHHs BHachimok aBapii Ha UAEC) y
MOCTYOPHOOMIILCHKUH TIEPIOI.

Ynponosxk Tepminy, nounnatouu 3 2000 p., 00-
crexxero 51 ocoly i3 Kuera i 9 oci6 i3 Uepnirosa 3
BUKOPHUCTAHHSM KJIACHYHOTO METOJY aHami3dy piB-
HOMIpHO 3a0apBieHuX XpomocoM. [IpoaHanizoBano
18651 meradazHa mIacTHHKA.

Uepes 15 - 25 poxki micist YopHOOMIBECHKOT aBapii
B rpymi >xkuteniBKueBa wactora aGepaHTHHX KIITHH
craHoBUTh 3,32 + 0,15 %, ycixX THIIB CTPYKTYypHHX
abepartiit xpomocom: pazom — 3,47 £+ 0,16 %; xpoma-
tuaHoro tuny — 2,20 + 0,12 %; XpoMOCOMHOTO THUITY
- 1,27 £ 0,09 %; auentpukis — 1,00 £ 0,08 %; cme-
nriTHIX MapKepiB OMPOMIHEHHS (IUTIEHTPUIHHUX ~+
LEHTPUYHUX KimbleBux xpomocom) — 0,11 £ 0,03 %
Ta aTUIoBUX MOHOIEHTpUKIB — 0,16 £ 0,03 %. Cmis-
BigHOIIEHH: abepalliii XpOMOCOMHOTO THITY JI0 XpO-
matuaaoro 1 : 1,7, Mo CBIAYWTE TMPO JesKe BiIXU-
JICHHS BiJl KJIACHYHOTO YSIBJICHHS PO CIOHTAaHHUI
MyTareHe3 y mogwan (1 : 2). BusHaueHi crioHTaHHI
TTOIIKOKEHHST XPOMOCOM BIpOTiTHO TIEPEBHUIIYIOTH
PiBHI, HaBelEHI B JIITepaTypi Ui HACEIICHHS €BPO-
neiicekoi yactuan Pocii Ta kpain xomumusoro CHZI

y niepiox 1971 — 1999 pp. (pucynok) [1]. 3a orprma-
HUMH HaMHW pe3yJibTaTaMH IHTEHCHUBHICTH CIIOHTaH-
HOTO MyTareHe3y He 3alIe)KUTh BiJ BiKy OOCTEKEHHX
oci0. HamMu He BCTaHOBIIEHO YiTKOT BIKOBOI 3aJIEKHO-
CTi XpPOMOCOMHHX TIOIIKO/PKEHb, BOJHOYAC BHSBICHO
OipLIy IXHIO YacTOTy B 0ci0, siki Ha yac YopHOOMITB-
CBKOi aBapii Manu Bik 70 3 pOKiB BKIIFOYHO 200 9 - 15
POKIB (TIepiofn IHTEHCHBHOTO POCTY, PO3BHTKY Ta
CTaTEeBOTO JI03PiBaHHS).

%

€BpOMN.YacTuHa
Pocii, kxpainm CH4

= M. KuiB

©C = N W »H

1 2 3 4 5 6

CIIOHTaHHA YacTOTa IUTOTCHETHYHUX TOUIKO/DKEHD Y
xwureniB Kuesa (/ — cymapuux abepamiif XxpomMocom; 2 —
a0eparliif XpOMaTHIHOTO THITY; 3 — XpPOMOCOMHOI'O THILY;
4 — aleHTpPUKIB; 5 — AWLEHTPHUKIB + HEHTPUYHUX KiIeIlb;
6 — aTUIIOBUX MOHOIIEHTPHUKIB).

3a pesynbTaTaMH MAapaNEIbHOIO OOCTEKEHHS Yy
2011 p. xureniB Kuesa (11 oci6) i YUeprirona (9 oci0)
OJJTHAKOBOT'O BIiKy 1 CTaTi cepeiHi CIIOHTaHHI piBHI
KIUJIbKICHUX Ta CyMapHHUX CTPYKTYPHHUX XPOMOCOMHHUX
abepartiii, abeparliii XpoOMaTHIHOTO Ta BCix abepariii
XPOMOCOMHOTO THITY B JKUTENIB 000X MICT BipOTiZHO
He BiAPiI3HAIOTECSA. BoaHouac croHTaHHAa wYacToTa
JMIEHTPUYHHUX + HEHTPHYHHUX KUJIBLEBUX XPOMOCOM
13 CcympoBigHUMH (pparMeHTaMu (crienupiuHux Map-
KEpiB TPUBAIOYOTO PAIiallifHOrO BIUIMBY) y KHUTETIB
Uepnirosa BipoTiJHO BHIIA, 110, iIMOBIPHO, 3yMOBIIE-
HO iXHIM BHYTPIIIHIM OMPOMiHEHHSIM.

1. H.II boukos, A.H. Ye6orapes, JI.Zl. Karocosa u B.1.
ITnaTonosa, ['enetnka 37(4), 549 (2001).

136 IHCTUTYT AJAEPHUX AOCJIPKEHb HAH YKPATHU



PAIIOEKOJIOI'TA TA PAAIOBIOJIOITA

TEMATOJIOT'TYHI IMOKA3HUKHU JIJABOPATOPHHUX II[YPIB
3A OJJHOPA30BOI'O IMEPOPAJIBHOI'O HAJIXO/KEHHS "“'I

T. B. Iluranok, JI. B. Tapacenko, JI. K. be3npo0na, B. 1. ®enopuenko

Tnemumym soepuux docniooxcenv HAH Yrpainu, Kuis

[Micas amapii Ha YAEC HaiOUIbII aKTHUBHO J0-
CIIIZKY€THCSI BIUTUB Ha JKUBI OPraHi3MU JOBrOXKUBY-
9UX PaiOHYKIIIIB YOPHOOMIBECHKOTO BHUKHIY,
nepmy uepry °'Cs i ’Sr, i HeBHIpaBzaHO Malo
yBard NPHUALISIETHCS BHBUCHHIO €(EKTiB ONMpoMi-
HEHHS KOPOTKOXMBY4HM 'I (kpiM BHBUCHHS NaToO-
JIoTii opraHa-MimieHi — muTonoaioHo1 3a1031 - 1113).
BHrecok nporo i3otomny y GopMyBaHHS 03 ONPOMi-
HEHHS, @ TAKOXK 3araJlkHOCOMAaTHYHOI MaToJIOTi] 4e-
pe3 mopyIieHHs (YyHKITIOHAIBHOT akTuBHOCTI 1113, €
nyxe cyrreuM. CucteMa KpoBi € OJIHI€I0 3 Halipa-
JTIOYyTIUBIIINX CHCTEM oprasiamy. Ekcriepumenra-
JIBHE JOCIIDKEHHS MMOKa3HUKIB nepruepiitHoi KpoBi
IICIIsE HAJXOKEHHS JI0 OpraHi3My BT ¢ Baxnusum
JUISl TIOSICHEHHSI HACIiAKIB OMPOMIHEHHS Ha paHHIH
cTanii aBapiii aTOMHUX pEaKTOpiB 3 BUKUIOM Y JO-

Yh

FIMRKIRTR TEHEOTHTIR

—m || 2353xBx
W1016 xEx

7 14 30
TEpMIiH CIIOCTER EXEHHA, 0obH
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H19216 kEx

KUNEKICTE i M ONHTIE, %0

I

o1 3 7 14 30
TEPMIH CTIOCTEp eXEHHA, B0 6K

0

VY pesynbTari MPOBEIECHOT0 JIOCTIKEHHS HE BU-
SIBJICHO BIPOTIIHUX KIJIBKICHUX 3MiH B €PUTPOLH-
TapHiil naHui nepudepiiiHoi KpoBi IIypiB mpu O0-
CUTh BUpPaXXEHIN KUTBKICHIN peakilii JerKkonuTapHoi
JTaHKA. YBEACHHS Ipemnapary akTuBHicTIO 3,3 Kbk
Ha TBapHHY BUKJIMKAJIO BIPOTIJHE MiIBUIICHHS Ki-
JBKOCTI JIEWKOUUTIB y paHHi Tepmian (1 1 3 goOn)
CIIOCTEPEKEHHS 3 HACTYITHOIO IXHBOIO HOpMaTi3arli-
€10 B MOJANBLIOMY (pUCYHOK). [liIBUIIIEHHS KITbKO-
CTi JIEWKOLMTIB BimOyBanocs, B OCHOBHOMY, 3a pa-
XYHOK BIJHOCHO1, aOCONIIOTHOI KiNBKOCTI JiMoIu-
TiB Ta €03UHOQLIIB. 30UIBIICHHS aKTUBHOCTI Pajiio-

[IOPIUHUK - 2012

BKULIS BEJIMKHMX KiJbKOCTEH i30TomiB Hony (HopHo-
ouib, Oykycima).

JocmimKkeHHs MPOBOAWIIN Ha JTaOOpaTOPHUX Y-
pax ninii Bictap Bikom 3 - 3,5 Mic 3 BUXiJHOIO Ma-
coro Tima 190 - 210 r. Pagionykiin B y BUIISII
po3unny Hatpito Homuay (Nal) BBoawmmm mepopaib-
HO OJHOPa30BO 3 akTHBHOCTIMH 3,3 1 19,16 xbk Ha
TBapuHy (mo 6 TBapuH). [lokasnuku nepudepiinoi
KpOBI JocmixyBanu 3a 1 1oy 10 BBeIEeHHS Ipera-
paty (BuximHi naHi) gepes 1, 3, 7, 14 ta 30 mib mics
BBeZieHHs. [lapanenbHo AOCHiIKyBadl KOHTPOJIBHY
rpyImy iHTaKTHUX LIypiB (5 TBapuH), IKi HE OTPUMY-
BaJ¥ padioakTWBHUHU Hon. KpoB mis mocimimkeHHs
Opanu i3 XBOCTOBOI BEHM. Bu3HaYaIM KUIbKICTh
EPUTPOLUTIB, ICHKOLUTIB 1 IEHKOUUTAPHY QOPMYITy
3araTbHONPUHHATHME METOIaMH.

i
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v

+3.3xBx
¥19 .16 xBx

1

P

KUIBKLCTh 03 HHOGLIE, Yo

01 3 7 14 30

TEPMi H CIOCTEPEXEHHA, fobu

8

JluraMika abCOJIFOTHOI KiTBKOCTI JISHKONHUTIB (a), miMdo-
utiB (0), eo3unodiniB (6) y nepudepiiiHiii KpoBi IIypiB
3a 0JHOPA30BOro IHepopanbHoro Beenerns Na'>'T (100 %
— piBEHb BUXIIHUX JIaHUX).

vony no 19,16 xkbk Ha TBapUHY BUKJIUKAJIO CYTTEBO
OUTBIIMIA PIBEHBb BIPOTITHOTO IMiBUIICHHS KUIBKOCTI
JIEWKOLMTIB YIPOIOBXK YCHOTO EKCIHEPUMEHTY 3a
paxyHOK aOCOJIOTHOI KiJTbKOCTi JiM(OUHUTIB, a Ha |
- 7 no6y — eo3unodinis. [Ipu 11pOMy BigHOCHA KiJlb-
KiCTh OKpeMHuX (OpM JICHKOIMTIB HE 3MiHIOBAJIACH.

VY paHHI TEpMiHH CIIOCTEPESIKEHHS ITiCIII BBEACH-
HS paliofofy y BIAHOCHO HEBENHMKHX KUTBKOCTSIX
3MiHU B JICHKOLMTAPHIN JaHIi nepugepiiiHoi KpoBi,
IMOBIpHO, MalOTh XapakTep MEepepo3noAiny, a B Io-
JaJIbII TEPMIHH CBiTYaTh MPO MOCHIICHHS Mpodide-
pauii 1iM(oITHOTO psiAy KPOBOTBOPEHHSI.
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BJAUSIHUE KOJUYECTBA ATMOC®EPHBIX OCAJIKOB U TEMIIEPATYPbI BO31YXA
HA HAKOILUIEHUE YCs BBICIIUMU I'PUBAMM

H. E. 3apyouna

Hucmumym soepruix uccreoosanuii HAH Yxpaunol, Kueg

B 2012 r. uccrnenoBanock BIHSHHE IOTOIHBIX
YCIIOBHH (KOJUYECTBA OCAJKOB M TEMIIEPaTypPhl BO3-
JlyXa) Ha YPOBHH HAKOILICHHs " CS BBICIIHMH IPH-
0aMH Ha MPOTSHKEHWW Ce30Ha BETeTaIlH Ha TeppH-
TOPUU YEPHOOBUIHCKON 30HBI OTUYKICHHUS M «HOXK-
HOTO CJIeNIa».

s pemieHUs] TOCTaBJICHHOW 3a/ladydl IIJIOJIOBBIE
TeJda TATH BHUJIOB TPHUOOB OTOHMPAINCH B TEUCHHE
2006 - 2011 rr.: 6ensiit rpud (Boletus edulis Bull.:
Fr.), MmacineHok OOBIKHOBeHHBIH (Suillus luteus (L.:
Fr.) S.F.Gray), nonsckuii Tpud (Xerocomus badius
(Fr.) Kuhn. ex Gilb.), 3enenymka (Tricholoma
flavovirens (Pers.: Fr.) Lund.) m nucu4ka HacTos-
mas (Cantharellus cibarius Fr.). WcciaenoBaHHbBIC
BUJIbI TPUOOB MPHUHAIJICKAT K IKOJIOTHUECKON TPYII-
e cuMOruoTpodoB.

Ha teppuropun 4epHOOBUTECKON 30HBI OTIYKIE-
HUS TPUOBI OTOMpAMCh: HAa TONUTOHax «JlemeBy -
10-xunomeTpoBas 30Ha, «Jutsatku» u «llapemmesy -
30-KHJIOMETpPOBasi 30HA; HA TEPPUTOPHU «HOIKHOTO
ciena» («Craiikm») 150 kM Ha Toro-Boctok oT HADC.

W3 peanbHO JOCTYNMHBIX apXUBHBIX JTAHHBIX KO-
JIMYECTBO OCAJIKOB W TeMIlepaTypa BO3JyXa ObUIN
MOJTyYeHBbl U3 apXwBa caiiTa rpS.ua OTAENBHO IS
TEPPUTOPHUH 30HBI OTUYIKIACHUSA M «HOKHOTO CJICIAY.
B pabore yYHTHIBAIOCH KOJHYECTBO BBIMABIINX
ocaakoB (MM) Ha MPOTSHKEHUW NIBYX HEJENb, MPe-
IIECTBOBABIIMX TMOSBJICHUIO IUIOAOBBIX TEI, U MaK-
CUMaJIbHAs TeMIIepaTypa 3a CyTKH.

[Mocne momyueHUs pe3yabTaTOB HM3MEPEHHA CO-
nepxkanus °'Cs B II0ZOBBIX TeaX TPUOOB BCe JaH-
HbIE OBLTM TIepecYnTaHbl Ha fMaTy 26 ampens 1986 r.
JUIS WCKIIIOUCHUS BIMSIHHUS TIEpUOJA MOJypacmaja
ATOTO PaAMOHYKIIMA Ha €r0 aKTUBHOCTh B Tprbax B
pa3Hoe BpeMmsl IOCIIe aBapHH.

Beutn paccuntanbl K03(QGUIMEHTH KOPPEISIUH
(r) m gerepmunanuu (d) Mexmy comepkaHuEM B7cs
B TUIOZIOBBIX TellaX TPUOOB M KOJMYECTBOM OCAIIKOB
(Mm) 3a 14 cyToK, MpeaniecTBOBABUINX HUX MOSBIIE-
Huto. Takke ObUIM paccUMTaHBI T M d MEXIY yIIEib-
HOM aKTHBHOCTBIO ' Cs B rpubax ¥ MakCHUMalbHOU
TEeMIIEpaTypoil Bo3ayxa.

B pesynbraTe npoBeIcHHBIX UCCIIEIOBAaHUN OBLIO
YCTaHOBJICHO, YTO MPAKTUYECKH B MOJIIOBHUHE CIIyda-
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eB (17 u3 32) He ynaaoch YCTaHOBUTH CYIIECTBOBA-
HUE JIMHEHHON 3aBUCHUMOCTH MEXIY COIEpPKAHUEM
'Cs B MIOZOBBIX TeMax rpHOOB PasHBIX BUIOB U
MTOTOHBIMH YCJIOBUSIMU (KOJIUYECTBOM OCAIKOB 3a
JIBE HEJENH, MPEIIICCTBYIONINE TOSBICHUIO TUIOI0-
BBIX Tell, I MAaKCUMAIIbHOW TeMIIepaTypod BO3IyXa
3a CyTKH).

Takue HeogHO3HAYHBIE PE3YIBTATHI MOTYT yKa-
3bIBaTh Ha OCOOCHHOCTH (PU3MOIOTHUECKUX MPOIIEC-
COB, TIPOHCXO/ISIINX B Telle Tpruda B TOJUIHOM ITUK-
JIe pa3BUTHSA. 3amackl MEKPOOHOW OHOMAcCH B TI0Y-
Bax M3MECHSIOTCA IO Ce30HaM (T.€. B XOJE T'OJOBOM
CYKIIECCUM), TIPUYEM B BEPXHHUX TOPHU30HTaX KOJIe-
OaHMs 3HAYUTEIBHBI, 2 B HIKHUX — HeBelnwWKH [1].
IIpu BeceHHeM M OCeHHEM (B HEKOTOPBIC TOJBI U
JICTHEM) 3HAYUTEIBHOM POCTE TPUOHBIX TU( MOXKET
IPOUCXO/NTh «pa3baBieHue» comepkanus ' Cs B
MHIICTHH. YBeIWdeHne 00beMa W MacChl TPUOHOTO
MHUIIENUS, BEPOSATHO, CBA3aHO C MOIXOJSAIIAMHU TIO-
TOJHBIMU YCIOBUSAMU. Takum 00pa3oM, KOJIUYECTBO
OCaJKOB W MaKCHMajJbHas TeMIIepaTypa MOXKET
«IPOBOILIMPOBATEY U3MEHEHUE YPOBHEH CONEPIKAHUS
7Cs B MI0IOBBIX TeTax.

HecmoTps Ha HEKOTOpBIE TEHACHIIUW BIUSHUS
KOJIMYECTBA OCA/JIKOB W MaKCHUMAIIbHOW TeMIepaTy-
pBI BO3ayxa (3a JBE HEJCNH, MPEANICCTBYIONIUE T10-
SIBIICHUIO TIJIOJIOBBIX Tell) HA YPOBHU YAETbHOW aK-
tuBHOCTH 'Cs Yy OTHENbHBIX BHUAOB TpHOOB, HE
MIPEICTABIACTCS BO3MOXXHBIM OJHO3HAYHO HHTEP-
MPETUPOBATh TMOJYYCHHBIC JaHHBIC K Ipubam B Iie-
moM. llosToMy mpenmonaraeTcs CyIIecTBOBaHUE
€Ille OJIHOTO MM HECKOJBKUX (DAaKTOPOB (BEPOSITHO,
JNEHUCTBYIONIMX B COBOKYIHOCTH C BO3JAEHCTBHEM
TEMIIEPaTypbl W KOJIUYECTBOM OCAIKOB), CYIIECT-
BEHHO BJIMSIONINX HA YPOBHHU yIEIbHON aKTUBHOCTH
Yy HUCCIICJIOBAHHBIX BUJOB IPUOOB JAHHBIX MOJHUIO-
HOB. B 3TO# cBsI3u MpoBOSATCS, M TIAHUPYIOTCS B
MagbHEHIIeM, WCCICIOBaHHUS C  paCIIMpEHUEM
BPEMEHHOTO JTHaNa3oHa KOJUYECTBA OCAJKOB U JI0-
OaBlieHHME B aHAIUTUYECKOE H3yYEHHUE JOIOJIHU-
TENBhHBIX (HaKTOPOB U MMapPaMeTPOB.

1. JIM. Tlonsackasi, MUKpOOHast CyKIecCUsl B IOYBE:
Astoped. auc. ... n1-pa 6uoi. Hayk. - M., 1996. - 63 c.
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¥Cs IN FISHES OF UKRAINE (2007 - 2012)
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Levels of the specific activity of '*’Cs of compo-
nents of aquatic ecosystems of Ukraine (including
trade species of fishes) have considerably decreased
in 25 years after accident on ChNPP. At the same
time, specific activity of *’Cs in fishes of various
ponds essentially differs among them, and in some
reservoirs of the north of Ukraine continues to re-
main high enough.

Two types of interspecific distribution of '*’Cs in
fishes of water’ reservoirs of different type are de-
fined: I - "classical", characteristic for the large
flowing fresh-water reservoirs; II - "lacustrine", of-
ten observed in smaller weakly running-water ponds.
Higher levels of specific activity of '*’Cs in fishes of
the higher trophic levels (ichthyophages and poly-
phages), and less high — in fishes of low trophic lev-
els (planktophages, phytophagans, benthophages) in
the majority of large freshwater reservoirs of type I
are characterized.

Distribution of '*’Cs on II type can testify an ast-
able radio ecological situation in the investigated
Ieservoir.

The maximal specific activity of *’Cs in fishes
registers in closed (to 32 kBqg/kg) and half-closed (to

[IOPIUHUK - 2012

13,3 kBg/kg) reservoirs of alienation zone of
ChNPP. Much more low activity levels of *’Cs is
registered at flowing water reservoirs. So, specific
activity *’Cs in fishes of the river Pripyat in borders
of alienation zone is in the range 5 — 224 Bg/kg.
Wide variability of these values is explained by free
migration of fishes on parts of the river with various
levels of radionuclide’ contamination.

Attracts attention a slightly raised, in comparison
with other reservoirs, which are located out of 30
kilometre zone of ChNPP, the specific content of
PCs in fishes of Shatsky lakes. Possibly, it is
caused in low trophicity of these reservoirs.

In the cascade of Dneprovsky reservoirs the spe-

cific activity of "“’Cs in fishes decreases in the
southern direction from 5 — 75 Bq/kg in Kiev reser-
voir till 1 — 6 Bg/kg in the Kahovsky reservoir. The
minimal specific activity in fishes of Ukraine is
registered in Black Sea: < 0,6 — < 1,9 Bg/kg.
Except for closed and half-closed reservoirs of alie-
nation zone of ChNPP, levels of specific activity of
P7Cs in fishes of Ukraine are below than effective
standards "JIY-2006" which define maximum con-
tent of *’Cs in fishes - 150 Bq/kg.
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¥Cs IN COMPONENTS OF THE ECOSYSTEM OF COOLING-POND
OF ChNPP PRIOR THE BEGINNING OF ITS TRANSFORMATION IN 2012

O. L. Zarubin, V. A. Kostyuk, I. A. Malyuk

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

Necessity of maintenance of stable operational
characteristics of cooling-pond (CP) has disappeared
after termination of work of ChNPP in 2000. Engi-
neering works on cutting off of a part of the reservoir
located more close to ChNPP have begun with second
half of 2012. The rest part of CP by the area approxi-
mately 20 kv’ it is planned to reduce during 2 - 4
years in 5 - 6 times. The considerable part of highly
active bottom sediment will become bare, the hydro-
logical regime will change. Thus, undoubtedly, eco-
logical and radiating characteristics of an ecosystem
of CP will change. Therefore the information on a
radio ecological condition of a biota of CP at summer
— autumn of 2012 is the data of "a zero background».
This data will be necessary at carrying out of radio
ecological monitoring which will be spent to the
period of transformation of this reservoir.

CP has appeared as one of the most-polluted res-
ervoirs due to the result of accident on ChNPP. By
different estimations in April - May, 1986 total ac-
tivity of radionuclides in biota, especially in water
vegetation, could reach tens and hundreds millions
of Bg/kg.

Specific activity of all components of an ecosys-
tem of CP has considerably decreased in 2012.
Short-lived radionuclides do not register now. Spe-
cific activity of *’Cs in biota has decreased rela-
tively in 100 times. Specific activity of *’Cs in the
main components of CP is in limits: water =~ 1 Bq/l
(data of "the Ecocenter", Chornobyl); bottom sedi-
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ment (sand at a coastal line) - 1000 - 2000 Bg/kg of
dry weight; water vegetation - 182 - 10110 Bg/kg of
dry weight; molluscs - 300 - 1100 Bqg/kg of fresh
weight; fishes - 722 - 7600 (according to IGB of
NAS of Ukraine - to 10900) Bg/kg of fresh weight
in 26 years after the accident.

It is necessary to notice that the retrospective
analysis before received data assumes higher levels
of activity of *’Cs in bottom sediment of some
deep-water of CP.

Among water vegetation the maximum specific
activity of *'Cs is characteristic for biofouling and
Myriophyllum spicatum.

The maintenance of content of *’Cs in various
species of fishes CP almost does not change already
more than 20th years. This interrelation is classical,
characteristic for large freshwater reservoirs of
Ukraine.

Minimum specific activity of *’Cs is registered
in fishes of low trophic levels -- benthophages
(Abramis brama (L.), Rutilus rutilus (L.), Blicca
bjoerkna (L.), Carassius carassius (L.), Carassius
auratus gibelio (Bloch), etc.), planktophages (Hy-
pophthalmichthys molitrix (Val.), Aristichthys nobi-
lis  (Rich.)) and phytophages (Scardinius
erythrophthalmus (L.)). Maximum specific activity
of "*’Cs is registered in ichthyophages (Lucioperca
lucioperca (L.), Aspius aspius (L.), Exos lucius (L.))
and polyphages (Silurus glanis (L.), Perca fluviatilis
(L)
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DYNAMICS OF SPECIFIC ACTIVITY OF '"'Cs IN FISHES OF VARIOUS RESERVOIRS

O. L. Zarubin

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

Dynamics of the content of *’Cs in muscles of
fishes of cooling-pond of ChNPP, the Kanevskoe
reservoir and other water basins were studied from
1986 till 2012. It is revealed that decrease of content
of 'Cs in muscles of fishes of cooling-pond of
ChNPP, especially in the first 5 years after accident,
passed much more intensively than in fishes of the
Kanevskoe reservoir.

Specific activity of “'Cs in fishes of cooling-
pond has decreased approximately in 100 times. At
the same time in fishes of the Kanevskoe reservoir -
approximately in 10 times from the period 1987 till
2010 and 2012. Such tendency of relatively slow
decrease of specific activity of *’Cs in fishes was
observed in reservoirs of the Dneprovsky cascade

[IOPIUHUK - 2012

where in separate years, especially in 1988 - 1989
even registered excess of content of *’Cs in some
species of fishes in comparison with 1986 - 1987
years.

The maximum speed of decrease of specific
activity of *’Cs in fishes of the majority of the in-
vestigated large reservoirs of Ukraine is characteris-
tic for fishes of low trophic levels.

Possibly, characteristics of dynamics of specific
activity of *’Cs in fishes are connected with distinc-
tions of hydrological, hydrochemical parametres,
temperature regime; and perhaps with physical and
chemical form of intake of '*’Cs in the investigated
TeServoirs.
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HEPAJJMOXUMHMYECKHI METOJ OTHOBPEMEHHOI'O M3MEPEHMSI
AKTHUBHOCTH *’Sr U “*'Cs B OBBEKTAX OKPYKAIOIIEN CPE/bI

M. B. Keartonoxckasi, H. B. Kyauu, A. W. Jlunckas, B. U. Hukoaaes, H. B. CTpuiibuyk

Hucmumym soepruix uccreoosanuii HAH Yxpaunol, Kueg

HUszotonsr 'Cs u *°Sr BHOCAT HaMGOIBIIHI BKJIaJ
B (hopMHUpOBaHHE J030BBIX HATPY30K HA OKPYKar0-
LIyl0 cpely M3 BCeX PaAHOHYKIHIOB, BBHIOPOIIEH-
HBIX U3 pazpymieHHoro peaktopa YADC um coxpa-
HUBILUXCS B OKpY)KaloLleld cpelae K HACTOSILEMY
BpeMeHH. [109TOMY OuYeHb Ba)KHBI METOJUKH, IIO-
3BOJISAIOLIME ONEPATHMBHO M OJHOBPEMEHHO OIICHU-
Bath *°Sr 1 *’Cs Kak U1 JJONTOBPEMEHHOTO PaIHO-
9KOJIOTHYECKOTO MOHUTOPHHTA 3arpsi3HEHHBIX Tep-
PUTOPHIA, TaK W JJIS1 U3yYEHUS )KUBBIX OPTraHU3MOB,
NPOKUBAIOIINX HA STHX TEPPUTOPHSIX.

B o6pasmax, oroOpaHHBIX B 30HAX C TUIOTHOCTHIO
sarps3uenns 1 - 5 Ku/km®, kpome *Sr u *’Cs 3na-
YUTETbHBIN BKIIAJ] B MTOJHBIA [-CTIEKTP BHOCST DIIEK-
Tpons! 'K (Erp = 1,3 M3B). Jlina penienus >Tux 3a-
Jad HamMHu OBUTH TPOBEICHBI IKCIIEPHUMEHTAJIbHBIC
WCCIIeIOBaHNA W pa3paboTaHa METOJWKa, OCHOBAH-
Hasi Ha M3MEPCHHH SHEPIETHIECKOrO CIEKTPa dICk-
TPOHOB, CONPOBOX AKX pactan K, Srwu ~'Cs.
B metonuke ucnoib3yloTCs MIACTUKOBBIE CLMHTHII-
JSIMOHHBIE JETEKTOPHl. JTa METOJUKA YCIIEUTHO
g)a6olT3271eT NPy IIMPOKOM JHana3oHe COOTHOILCHHUN

St/7'Cs > 0,01 B mprCyTCTBHH MPUPOJHBIX AKTHB-
nocreit “K.

O0paboTKa KCIIEPUMEHTAIBHBIX CIIEKTPOB MPO-
BOJIMJIACh METOZOM HMX CPaBHEHHs CO CIEKTPaMH,
MIOJTy9€HHBIMU Ha 3TOM e CIIEKTPOMETPE C MCIIONb-
soBanmeM QpanromoB K, V'Cs u “Sr + Y ¢ 06b-
€MHBIMU XapaKTePUCTHUKAMH, OJM3KUMHU K IKCIEepH-
MEHTaJIbHBIM 00pas3iam.

CriexTpbl KaluOpPOBOUYHBIX MCTOYHHKOB U (hoHa
OIMHCHIBAIINCh KyOWYECKHUMH CIDIAifHAMH W B Jallb-
HEHIeM KCIONB30BaNCh JUISl OIMUCAHUST DKCIEpPH-
MEHTAIBHBIX CIIEKTPOB. Peanuzamust 3Toro nporecca
ocymiecTBieHa B nporpamme Beta Fit (pucyHok).

OTcaucTR
100

so4 -7 cyMMapHBIif GeTa-cnexTp

-KZ I3T(:s

Kasamm

®parMeHT 3KCIIEPUMEHTAIBHOTO OeTa-CIeKTpa.

B oTHOmEHNN HEXHMBBIX OOBEKTOB (ITOYBA, pac-
TUTENBHOCTD), MIPEIBAPUTEIHHO U TIATEIHEHO TOMO-
reHU3UPOBAHHBIX, B-criekTpomerprs ~ Sr, *'Cs, *K
BO3MOXHa BHE 3aBUCHMOCTH OT pa3mepa obOpasiia.
Ho 37xech cymectByer 3asavya KOPPEKTHOTO ydeTa
CaMOTIOTJIONICHUS B-3JIEKTPOHOB B 3aBUCHMOCTH OT

Macchl U INIOTHOCTU oOpasua. OObIYHO, 3Ta 3ajada
peuaeTcss M3MEpEeHUEM Y-CIeKTpa oOpas3lia Ha Y-
CIEKTPOMETpE C JAETEKTOPOM M3 CBEPXUHCTOTO Tep-
MaHUsl ¢ OEpUIIMEBBIM OKHOM, T/ MPOIECC caMo-
MIOTJIONICHUS AJICKTPOHOB MOXKHO KOHTPOJIMPOBAThH
[0 CaMOIIOTJIONICHHIO XapaKTePUCTHIECKOTO H3ITY-
wernst - "Ba. OmHako He BO BCEX J1a0OpPATOPHAX
€CTh TaKHE CIEKTPOMETPBI, TeM 00Jice HEBO3MOXKHO
3TO JeNaTh B MONEBBIX ycioBusax. [loatomy s
OIIEHKH CaMOTIOTJIONIEHNSI B HEXHBBIX OOBEKTax
HaMH pa3paboTaHa METOAHMKA, OCHOBAHHAS Ha CMe-
IIEHUU THKa KOHBEPCHOHHBIX D3JIEKTPOHOB Y 661
K3B.

Taxke 3TOT METO YAOBICTBOPUTEIHHO paboTaeT
JUISL )KMBOTHBIX MEJIKUX pa3MepoB (Maccoil Tena Jio
40 - 50 1), XOTSI HEOHPEICICHHOCTh, CBSI3aHHAS C
Tororpadueil ckeneTa, pa3sMepamMu Teja U yCIOBHSA-
MH, B KOTOPBIX MPOBOJAATCS M3MEPEHHUS, OCTACTCS.
[ToaTomy, pabortas ¢ ouepeqHOW NPUHIUITHAIHHO
HOBOM 10 AaHATOMHUU T'PYIIIOA OPraHU3MOB, CIELYET
MIPOBOJIUTE TPEABAPUTENBHYIO OLEHKY OTKJIOHEHUS
PE3yIbTaTOB P-CIIEKTPOMETPUH ST OT Pe3yiIbTaToOB
PaaMOXUMUH.

Jnst MeNKux MBIIIEBUIHBIX TPBI3YHOB Maccoi
Tena ot 14 10 45 T ¢ yAeIbHOM aKTHBHOCTBIO ' Cs
ot 1 mo 400 Bk/r pe3ynbTaThl B-CIIEKTPOMETPHH CO-
[JIACOBBIBAIOTCSA C JIAHHBIMH PaJMOXUMHUYECKOTO
aHanmza B npexaenax 15 - 20 %, npuaeM cooTHoIIe-
mre A("’Cs)/A(*Sr) B U3yYeHHBIX 0COBAX COCTAB-
ss70 oT 2 1o 100.

Takoe ke CpaBHEHHE pPE3yJbTaTOB W3MEPCHUIA
“Sr B 06pasiax MoUBHl MOKA3a710 IMOIHOE COBIIAMC-
Hue B npenenax 10 - 15 %, npu u3MeHeHUN aKTUB-
HOCTH B o0Opaslax Ha dYeTelpe mmopsaka. B panee
MPOBEICHHBIX HCCIIEIOBAHMAX 0e3 yuera aKTHBHO-
cti K pacxok/ieHHe YBEIHYUBAIOCH B CPETHEM JI0
30 %, a mist 0Opa3IOB MOYBKI, T/l AKTUBHOCTHU Sy
1 K 6butn cousMepumsl, — 10 100 % [1].

Taxkum oOGpa3om, pa3paboTaHHAsT METOIUKA yUHU-
THIBACT (PU3UKO-XUMHUYECKOE COCTOSIHHE HCCIEIye-
MBIX OOBEKTOB M HECTAOMIBLHOCTH pPabOTHI DJIEK-
TPOHHBIX CHCTEM B IOJIEBBIX YCIOBHAX. JTO 00ec-
[ICYMBAET IOBBIIICHUE TOYHOCTH M3MEPEHHUH M Ha-
JIS)KHOCTh pa0OTHI CIIEKTPOMETPOB. Takas MeTOIMKa
MO3BONSACT TPOBOANT HCCICIOBAHUA KOHLICHTpA-
wun St n ¥'Cs B pasnmdHbIX 06BEKTaX MPH H3ME-
HeHuu cootHomenns ' Cs/”’Sr ot 1 g0 100 ¢ mo-
rpenrHocThio He Xyxe 20 %.

1. A.N. Jlunckas, M.B. XKenronoxckas, H.B. Kymna u
Op. YopHoMopcrKkuit aepx. yH-T iM. Ilerpa Morumm.
HayxoBi mpami. Cepis “TexHoreHHa Oe3smeka’”.
173(185), 59 (2012).
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IMOBHOIIIHHE XAPUYBAHHS JIOJAWHU — T'OJJOBHUI YNHHUK 3ABE3IEYEHHS
310POB’A 1 KUTTEAIAJIBHOCTI HACEJIEHHS
Y CKIAJHUX PAJIOEKOJIOI'TYHUX YMOBAX

B. I. ITanamapuyk

Inemumym s0eprux oocnioscenv HAH Yrpainu, Kuig

B yMoBax cyyacHOi CKIagHOI panioeKoIOoriqHOl
cutyanii B YKpaiHi, mo crtBopuiach micias YopHo-
OWIBCHKOI KaTtacTpodu, mpodiema 3abe3nedeHHS
3I0POB’Sl Ta XKHUTTEAISUIBHOCTI HACEICHHS € OJHIEI0
i3 mpiopUTeTHUX cepen 0araTboxX MpoOIeM MiHiMi-
3amii HachinkiB aBapii Ha UAEC. Crmin 3ayBaxxuTH,
1[0 Ha 3JI0pOB’S JIIOJCH, OKpiM pajiaiifiHoro (ak-
TOpa, IO0JAaTKOBO BIUIMBAIOTH HEBJIACTHBI Ipolecam
KUTTEMISUTEHOCTI OpPraHi3My JIFOJWHW PI3HOMAaHITHI
XiMiyHI CcyOCTaHIii, MeTaJoOpraHiyHi CIOIYKH,
MPOAYKTH TEXHOTCHHOT'O TTOXO/KEHHS TOILO.

VY 1poMy 3B’A3Ky 0COOIMBOIO 3HaUY€HHS HaOyBae
roctpa moTpeda 3AIMCHEHHS MPOTUPAIIiaIiifHOTO
3aXUCTY 3JI0pOB’Sl HAceJeHHs. BUpIIICHHS [bOTO
3aBJaHHS MOXHa JOCSITH LUIIXOM €KCIIepUMEHTa-
JBHOTO JIOCIIDKEHHSI Ta CTBOPEHHS HOBUX BHCOKO-
SKICHUX, e(eKTUBHHUX 3ac00iB 1 XapuoBHX MPOAYK-
TiB AHTHIIPOMEHEBOI [ii, SKi MaroTh BIANIOBIAATH
BHMOI'aM OCHOBHMX IIOJIO)K€Hb KOHLENLIi MpoTHpa-
JiariifHoro xap4yBaHHS: BOHU ITOBHHHI MaTH pafio-
MPOTEKTOPHI Ta IMyHOKOpETyIodi BJIACTUBOCTI, aK-
TUBHO CIIPUATH BUBEIACHHIO 3 OPraHi3My palliOHYK-
TiaiB. Y 1bOMY IDIaHI BaXKIIUBE 3HAYCHHS HAJICKUTH
HOBUM e(DeKTHBHMM 3ac0o0aM, 1[0 MalTh PaJioNpo-
TEKTOPHI Ta IMyHOKOPETYIOYi BIACTHBOCTI, OCKUTBKA
CTaH IMYHOJIOTIYHOI PEaKTUBHOCTI OpPTaHi3My 3HadY-
HOIO MIpOI0 BU3HAuYae XapakTep MicispaaialiftHux
YCKJIaIHEHb.

Pe3ynpTaTé 4MCIIEHHUX NOCTIIKEHb IO BUBYEH-
HIO BJIACTHUBOCTEW HOBHMX PEYOBWH 1 IpemnapaTiB B
eKCTIEpUMEHTAJIbHUX yMOBaX Ha TBapHHAX Ta KIiHi-
YHI CHOCTEPEXKEHHS Jali 3MOI'Y HaM OTPUMATH BU-
COKoe(eKTHUBHI 3aco0M 1 XapuoBi MOOAaBKH IiKyBa-
JAbHO-TIpodinakTuaHOoi nii. 3a CBOEH NPUPOIOIO
CTBOpEHI HaMH HOBi XapyoBi MPOAYKTU 3 MPOTHpa-
MarfHUMH BIIACTUBOCTAMH € O1JIKOBO-BITaAMIHHUMU
Xap4YOBHMH MPOIYKTaMH, IO MICTSATH PSIIl BAXKIIMBUX
JKUTTEBO-HEOOXITHUX €CEHIIaTbHUX KOMIIOHEHTIB, Y
TOMY YHCII MIKpO- 1 MiKpoeleMeHTH, 30aradcHi
KOMIUIeKcOM BitamiHiB A, /I, E Ta iHmmmu Giosori-
YHO aKTUBHMMH PEYOBHHAMH, IO CYTTE€BO BILIMBA-
IOTh Ha MiABUIIICHHS Padiope3nCTEHTHOCTI Ta PEe3UC-
TEHTHOCTI MPOTHITYXJIMHHOT .

SK MOKa3yrTh NOCTIKEHHS BITUYM3HSHUX 1 3a-
pyOLKHHX yUYEHHX, cepel ociO, sKi 3a3Hajl MpoMe-
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HEeBOI Aii, Ay>ke BipOTiTHUI MiABUINEHUH MOKa3HUK
OHKOJIOTIYHOTO 3aXBOPIOBAHHS. Y IIOMY 3B’S3KY 110
YHClia HAHOIIBII MePCIEKTUBHKUX 3ac00iB mpodiiak-
THUKHU KaHLEpOreHe3y Ha BCiX HOro CTamisix €, mepil
3a BCEe, MPUPOJHI, HETOKCUYIHI aHTHKAHIIEPOTCHU 1
AQHTUOKCHUIAHTH, PSJ KUTTEBO HEOOXITHUX MIKpO- i
MakpoeneMeHTiB. Jly)ke BaxIJIMBOIO BIIACTUBICTIO
pAIy eCEHITIaTbHUX KOMIIOHEHTIB JIETH € iXHS 3/1aT-
HICTh HE TIJIBKW MiJABHIYBATH 3arajlbHy PE3UCTEHT-
HICTh, ajie i 3HIKYBAaTH PU3UK PO3BHUTKY paka, iH-
IyKoBaHWH pamiamiero. [Ipu 1meoMy 0coOIUBICTIO
MIPUPOIHUX O10JMOTIYHOAKTUBHUX [O0ABOK € IXHS
HETOKCHYHICTb, IO TOSICHIOETHCSI HE TINBKH EKCIie-
PUMEHTaIBHUMH JaHUMH, alle i 0araToBiKOBUM J10-
CBIZIOM BXXHBAHHS iX JIFOUHOIO.

HoBa nikyBanpHO-podinakTH4YHA MPOAYKIIisS
PEKOMEHY€ETHCS ISl BIIPOBADKEHHS B JIIKyBaJIbHO-
MpodUTAKTUIHUX 3aX0JaX OXOPOHU 3I0POB’S Hace-
JIeHHs1 YKpaiH|, ajie B Mepury Yepry Ui JTiKyBaHHS
Ta Npo(iIaKTUKU NPO(ECiiiHOr0 KOHTUHTEHTY JIIO-
IeH, sIKi TIpaIfioroTh ¥ cdepi MOCTIHHOI Ail 10HI3YTO-
YOro BUIPOMIHIOBaHHS Ta MOTEPHIINX BilX aBapii Ha
YAEC:

TpOMajisiHu, sKi Oe3rmocepeHbO MIOIEHHO Mpa-
IIOIOTh Y YOPHOOMIBCHKIM 30HI BimuayxeHHS (iX
Oomu3pko 1000 4OJIOBIK, BKJIIOYAOUM IEPCOHAT
YAEC);

TpOMaJIIHU, SKi Opanmu Oe3mocepesHio yJacTh y
JIKBIAIil aBapii Ta 11 HACTIJIKIB;

noreprini Bix YopHOOMIIECHKOI KaTtacTpodu rpo-
MaJISTHH, BKIIIOYAFOUH JIITEH, SKi 3a3HAM BILUIUBY pa-
JIIOAKTUBHOTO OIPOMIHIOBaHHS BHAcHiok YopHo-
OMbChKOi KatacTpodu. 1 KOKHOI Ipynu pU3HKY
TpoMajsiH Ma€ OyTH KOHKPETHHH, TU(epeHIiiHIA,
THIVBIyTbHAN TiIXiJ NPOQITaAKTUKH Ta JIKYBaHHS
NoTepmiuX (IiTH, JOPOCTl KIHKM Ta YOJIOBIKH).
AJpKe TIOBHOIIIHHE Xap4yBaHHS HACENCHHS € TOJIO-
BHHM KEpPOBaHWM YHHHHKOM, IO 3a0e3reuye HopMa-
JILHUH PO3BUTOK, 30POB’SI Ta SKICTh XKHUTTS JIFOIUHU,
ii mpare3naTHiCTh, JAOBTOJITTS, TBOPYl ITOTEHITIAJH.
JledhimT OCHOBHHX Xap4OBHUX PEYOBHH I KOMITOHEH-
TiB 200 mucOanaHc iX y paiioHax NpU3BOJUTH J0 He-
3BOPOTHUX 3MiH BHYTPIIIHROTO CEPEAOBUINA OPTaHi-
3MYy, IOPYIICHHS KIIITHHHOTO METa0oJTi3My

143



TTybnikauii B pegepoBaHUx XypHanax

SlnepHa @isuka:
I.M. BumiaeBchkwit, B.1. Cricenxko, 1.0. Kopax,
O.1. KampueHko

3aCHOBHUK BITYU3HAHOI LUKONU 3 HEUTPOHHOI (Pi3UKU
Bicu. HAH VYkpainu 6, 74 — 77 (2012)

10.H. ITaBnenko, K.O. Tepenenxwuii, B.I1. Bepoui-

kuii, A.W. Pyanens, FO.5. Kapneiues, O.K. I'oprnu-

Huy, JL.U. Catocapenko, A.B. Crenantok, U.I1. JIps-

nayeHko, 2.H. Moxokyxun

TTonbapbepHoe B3aumonelicTeme AeUTPOHOB C aapa-
58.62\}:

MU Ni

Wzsectus PAH (cep. ¢us.) 76, 1003 — 1007 (2012)

W.H. Bumnesckuii, B.A. XXearonoxckuii, A.H. Ca-
BpacoB

Wccneposarume qpotoaenerus 2’Np u 2 Am
Wzeectus PAH (cep. ¢us.) 76, 1017 — 1020 (2012)

0.0. bemockuna, B.1. I'panues, K.K. Kucypumn,
C.E. Omenpuyk, I'.I1. [Tankus, FO.C. Po3HioK,

Bb.A. Pynenxko, B.C. Cemenos, JI.U. Catocapenko,
B.T'. Ctpyxxko

O AVPPAKLIMOHHOM NpUpOAe YNpYroro pacceaHus
AeTPOHOB Ha AApax AelTepus, TPUTUA U renua-3 npu
CpeAHUX 3Hepruax

Uzsectus PAH (cep. dus.) 76, 1045 — 1051 (2012

B.I. Cricenxko, 1.O. Kopx, O.I Kanpaenko,

M.®. Konowmienp, B.I1. Bepounpkuii, O.J1. I'puro-
PEHKO

Kutteuli Ta TBOPUMIA WNSxX akademika HAH YkpaiHu
M.B. TTaciuyHuka

IncrutyT snepuux nocmimxens 200 ¢ (2012)

C.I'. Bynun, A.Il. Boiitep, M.E. Unbsuenxo,

B.A. PomaHmok

CamoopraHusyrolLmecs paamoceTn Co CBepXLUINPOKO-
NOMOCHEIMU CUTHAIAMU

HamionanpHui TEXHIYHUHN YHIBEpCUTET YKpaiHu
KIII ” KuiB. HaykoBa mymka (2012).- 444

B.T. Kynpsimukin, JL.IT. Cunoperko, O.1. ®eoxTic-
toB, €.I1. PoBeHCHKUX

CneKTp eneKTPOHiB HU3bKOEHepreTUYHOI 06nacTi, Wo
BUHUKAE NPU ONPOMiHeHHi Au a- YacTUHKamm 2*%Py
Ykpaincbkuit ¢izuaani xypHan 57, 5 — 11, (2012)

M.M. Ilpasauswuii, 1.O. Kopx, M.T. Cxsip
CepepiHi pe30OHaHCHI napameTpu saep Tenypy i He-
oaumy

VYxpaincekuii hizuaanit xxypHan 57, 593 — 598
(2012)

B.I. Kupumyxk, A.Il. Jlamko, T.M. Jlamko

144

AHOManIT B Koe@iLieHTax BHYTPIlUHbOT KOHBepCIT 3a-
rasibMOBAHUX pOTALiUHUX Framma-nepexonis
VYxpaincekuit pizuanuii xxypran 57, 1097 — 1107
(2012)

A.I1. Jlamko, T.M. Jlamko
EHeprii HU3bKoNexaumx 36yaxeHmx ctaHis 7°Lu
SAnepHa ¢i3uka ta enepreruka 13, 7 — 10 (2012)

M.M. IlpaBnusuii, .O. Kopx, M.T. Cxsip
CepepHi pe30HaHCHI napameTpu saaep pyTeHito i na-
nagiro

SnepHa disuka Ta enepreruka 13, 11 — 16 (2012)

H. ®. MurpoxoBuu

CneKTpbI 3Hepruii 3NM1eKTpOHOB ABTOMOHU3ALMU U UX
KOppenIMpOBAHHOCTb MO HAMpPABMEHUHo BbLNeTa B-
4YacTULLI

SnepHa dizuka Ta eHepreruka 13, 17 — 21 (2012)

M.S. Borysova

Bumping structure of initial energy density
distributions and peculiarities of pion spectrain A +
A collisions

SAnepna ¢dizuka ta enepreruka 13, 39 — 45 (2012)

A.E. Banbkos, A K. 3aituenko

MeToa pacyeTa U30XPOHHOFO NONS LMKIIOTpOHA Y-
240

SnepHa dizuka Ta enepreruka 13, 101 — 107 (2012)

.M. Bumaescokuit, O.1. Kamsuenko, 1.0O. Kopx,
B.I. Cricenko

KopoTkuii biorpagiuHuic HapUC Npo XUTTA Ta TBOp-
uvicTb akaaemika HAH YkpdiHu MuTtpogpaHa Bacunbo-
suua TTaciyHuka

SnepHa ¢i3uka Ta eHepreTuka 13, 119 — 122 (2012)

C.I0. Mexesuu, A.T. Pyguuk, €.1. Komutit, C. Kiri-
geBcki, B.M. Kup’sauyk, A.A. Pymunk, C.b. Caky-
ta, P. Cronak, b. Uex, 5. Xoinbcki, A. Illypex
TTpyXHe Ui HenpyxHe poscisHHs ioHis "'B sapamu **C
npu eHeprii 45 MeB

SAnepHna ¢i3uka ta enepreruka 13, 123 — 131 (2012)

O.M. I'opbauenxo, H.P. I3uctok, A.O. Kanenko,
M. Kanenko, B.A. ITmoiiko, I'.I. [Ilpumenko
BumiproBaHHs Ta TeopeTUYHUIA aHani3 nepepisie aae-
pHUX peakuiti (n,p), (n,a), (h,2n) Ha i3oTonax aucnpo-
3ito, epbito, iTepbito

SnepHa dizuka ta enepreruka 13, 132 — 140 (2012)

M.B. Makapers, €.0. Ilerpenxo, B.M. [lyrau

IHCTUTYT AJEPHUX JOCJIIPKEHb HAH YKPAIHU



OCHOBHI ITYBJIKAIIIT

HaxonuyeHHs 3apsay Ha ceHcopax mMeTanesoro
CTPUN-AeTeKTOopa Mia Ai€F0 IOHHOrO MyyKa

SAnepna ¢disuka Ta enepreruka 13, 146 — 152 (2012)

A.E. Bampkos, A K. 3aiiuenko

OnpepeneHue TOKOB B KOHLIEHTPUYECKUX 06MOTKAX
umMKnoTpoHa ¥Y-240

SAnepHa dizuka Ta enepreruka 13, 182-187 (2012)

C.H. ®enorkun
Ponb 3kpaHUpoBaHWA B NpoLecce MOHU3ALUU aTOMA
NpY GHHUTUNALMU NO3UTPOHOB, UCMNYLLEHHBIX MpU

S - pacnage
SAnepna ¢disuka Ta enepreruka 13, 223 — 227 (2012)

A.T. Pymuuk, P.M. 3enincekuii, B.A. [1rofiko,
A.IN. Inein, Ban.M. Iipuak, O.A. [ToHkpaTeHKO,
A.A. Pynuuk, B.B. Ynemenko

EHepreTUUHa 3anexHicTb posciaHHs aaep °Li + °O Ta
i30TONIYHi BiAMIHHOCTI NoTeHuianie B3aemoaii ®’Li +
160

Snepna disuka ta enepreruka 13, 237 — 245 (2012)

A.T. Pynauuk, O.B. I'epamenko, A.A. Pyquuk,

€.1. Kommii, C. Kimiuescki, K. Pycek, C.}O. Mexe-
Bu4, B.A. Ilmoiiko, O.A. [ToakpaTeHko,

Ban.M. Iipnak, A.Il. Inein, B.B. Ynenienko,

P. Cronak, b. Uex, 4. Xoinbcki, A. llypek

TTpyXHe Ta HenpyxHe poscisiHHs ioHis “*N sapamu "Li
npu eHeprii 80 MeB

SAnepna disuka Ta enepreruka 13, 246 - 254 (2012)

V.A. Plujko, O.M. Gorbachenko, E.P. Rovenskykh,
V.A. Zheltonozhskii

E1 gamma-transitions in hot atomic nuclei

SAnepna disuka Ta enepreruka 13, 335 — 340 (2012)

V.Yu. Denisov, N.A. Pilipenko

Capture cross section for systems leading to ele-
ment 120

SAnepna ¢disuka ta enepreruka 13, 346 — 349 (2012)

Yu.N. Pavlenko, V.L. Shablov, V.O. Kyva,

0O.K. Gorpinich, N.L. Doroshko, A.V. Stepanyuk,
O.L. Rundel, L.L. Dulger, D.V. Kasperovych
Deuteron and friton decay of °He resonances in the
reaction "Li(d, a)°He

SnepHa (i3uka ta eHepreruka 13, 350 — 355 (2012)

A.P. Lashko, T.N. Lashko

The internal conversion coefficient for the K-
forbidden E1-transition with the energy of 55 keV

. 177

in ""Hf

SAnepHa disuka Ta enepreruka 13, 356 — 360 (2012)

A.T. Pymumnk, K.A. Uepkac, A.A. Pymuuk, €.1. Ko-
i, C. Kimigescki, K. Pycek, B.A. ITnroiiko,

IIIOPIYHUK - 2012

O.A. llonkparenko, C.10. Mexesny, Ban.M. Ilip-
Hak, P. Crogak, b. Uex, f. Xoinbcki, A. Llypek
Mexanismu peakuii °Li("*0, 7O)'Li Ta noteHuian
B3GEMOAIT aaep Li+70

SnepHa ¢izuka Ta eHepreTuka 13, 360 — 368 (2012)

A.T. Pynuuk, P.M. 3enincekuii, A.A. Pyauuk,
Ban.M. Ilipuak, C. Kiiuescki, €.1. Kommit, K. Py-
cek, B.A. [Tmotiko, O.A. Ilonkparenko, C.}0. Me-
xxepud, A.IlL. Inein, B.B. Ynemenko, P. Cronax,

4. Xoinscki, b. Yex, A. llypek

TTpyXHe Ui HenpyxHe pos3cisiHHs ioHis 80 aapamu °Li
npu eHeprii 114 MeB ta isoToniuHi BiAMIHHOCTI B3ae-
moaii agep *7Li + 80 Ta °Li + 80

SAnepna ¢i3uka ta enepreruka 13, 369 — 376 (2012)

B.JI. JIutuesckmii, I' . Kocenko, ®.A. BaHIOK,
B.B. ITamkeBuu

Yuet o6onoueuHoit ctpykTyper aaep ‘Mo u '°Pd &
peakumsx cuHTesa aaep “©Po, #°Ra n ?°U
SAnepnas ¢dizuka 75, 39 — 46 (2012)

0.0. bemtockuna, B.1. I'pannes, K.K. Kucypus,
C.E. Omenbuyk, I'.I1. [Tankun, FO.C. Po3Hiok,
B.A. Pyaenxo, B.C. Cemenos, JI.U. Crocapenko,
B.I'. Ctpyxxko

Passan neiTpoHoOB Ha TpUTOHAX

SAnepuas ¢uzuka 75, 1532 — 1543 (2012)

B.JI. JIutuesckuii, I' . Kocenko, ®.A. BaHIOK,
B.B. ITamkeBua

YyeT opueHTaLmm CTanKUBaroLWMXCca MOHOB NpU
ONUCAHUU CUHTEe3a TAXenbIX aaep

SAnepuas puszmka 75, 1579 — 1591 (2012)

Yu.A. Berezhnoy, D.V. Fedorchenko, V.P. Mik-
hailyuk, V.V. Pilipenko
Polarization phenomena in the intermediate energy

elastic deuteron scattering from *C and °O nuclei
Eur. Phys. Journal 48, 1 —5 (2012)

F.A. Danevich, E. Andreotti, M. Hult, G. Marissens,
V.I. Tretyak, and A. Yuksel

Search for a decay of "®'Eu to the first excited
level of "*’Pm using underground y-ray spectrometry

Eur. Phys. Journal A 48, 157 (2012)

R. Aaij, V. Iakovenko, O. Okhrimenko, V. Pugatch
et al (the LHCb Collaboration)

Measurement of charged particle multiplicities

in pp collisions at s/=7TeV in the forward region
Eur. Phys. Journal C 72, 1947 (2012)

R. Aaij, V. Iakovenko, O. Okhrimenko, V. Pugatch
et al (the LHCb Collaboration)

Observation of X(3872) production in pp collisions
at s/=7 TeV

Eur. Phys. Journal C 72, 1972 (2012)

145


http://inspirehep.net/author/Aaij%2C%20R.?recid=1188164&ln=en
http://inspirehep.net/search?p=collaboration:%27LHCb%27&ln=en
http://inspirehep.net/record/1082369
http://inspirehep.net/record/1082369
http://inspirehep.net/author/Aaij%2C%20R.?recid=1188164&ln=en
http://inspirehep.net/search?p=collaboration:%27LHCb%27&ln=en
http://inspirehep.net/record/1082706
http://inspirehep.net/record/1082706

OCHOBHI ITYBJIKAIIT

D.M. Chernyak, F.A. Danevich, A. Giuliani,
E. Olivieri, M. Tenconi, V.I. Tretyak

Random coincidence of 2v2p decay events as a
background source in bolometric Ov2p decay
experiments

Eur. Phys. Journal C 72, 1989 (2012)

R. Aaij, V. lakovenko, O. Okhrimenko, V. Pugatch
et al (the LHCDb Collaboration)

Opposite-side flavour tagging of B mesons at the
LHCb experiment

Eur. Phys. Journal C 72, 2022 (2012)

R. Aaij, V. lakovenko, O. Okhrimenko, V. Pugatch
et al (the LHCDb Collaboration)

Measurement of Upsilon production in pp collisions
at {\surd}s = 7 TeV

Eur. Phys. Journal C 72, 2025 (2012)

R. Aaij, V. lakovenko, O. Okhrimenko, V. Pugatch
(the LHCDb Collaboration)

Measurement of y(2S) meson production in pp colli-
sions at sqrt(s)=7 TeV

Eur. Phys. Journal C 72, 2100 (2012)

R. Aaij, V. lakovenko, O. Okhrimenko, V. Pugatch
(the LHCDb Collaboration)

Measurement of relative branching fractions of B
decays to (2S) and J/y mesons

Eur. Phys. Journal C 72, 2118 (2012)

R. Aaij, V. lakovenko, O. Okhrimenko, V. Pugatch
(the LHCDb Collaboration)

Measurement of prompt hadron production ratios
in pp collisions at s/= 0.9 and 7 TeV

Eur. Phys. Journal C 72, 2168 (2012)

V.I. Abrosimov, D.M. Brink, A. Dellafiore, F. Ma-
tera

Self-consistent pairing interaction and collective
motion in nuclei: A semiclassical approach

Eur. Phys. Journal. Web of Conferences 38,
04003/1-6 (2012)

F.A.Ivanyuk
The deformation energy and fission barriers of
heavy nuclei

Eur. Phys. Journal. Web of Conferences 38,
08002/1-6 (2012)

V. Kirischuk, A. Savrasov, N. Strilchuk, V. Zhel-
tonozhsky

Precise energy measurements of the first-excited
state in '”’Au

Eur. Phys. L 97, 32001/1 — 4 (2012)

F.A. Ivanyuk, K. Pomorski, J. Bartel

146

The shape transitions in rotating nuclei
Int. Jour. Mod. Phys. E 21, 1250032/1-9 (2012)

J.P. Blocki, A.G. Magner and L.S. Yatsyshyn
Gross-shell effects in the dissipative nuclear dynam-
ics

Int. Jour. Mod. Phys. E 21, 1250034/1 — 9 (2012)

H. Back, G. Bellini, J. Benziger, D. Bick, G. Bon-
fini, D. Bravo, M. Buizza-Avanzini, B. Caccianiga,
L. Cadonati, F. Calaprice, C. Carraro, P. Cavalcante,
A. Chavarria, A. Chepurnov, D. D’Angelo, S. Dav-
ini, A. Derbin, A. Etenko, F. von Feilitzsch, G. Fer-
nandes, K. Fomenko, D. Franco, C. Galbiati, S. Gaz-
zana, C. Ghiano, M. Giammarchi, M. Goeger-NefT,
A. Goretti, L. Grandi, E. Guardincerri, S. Hardy,
Aldo lanni, Andrea lanni, A. Kayunov, S. Kidner,
V. Kobychev, D. Korablev, G. Korga, Y. Koshio,
D. Kryn, M. Laubenstein, T. Lewke, E. Litvinovich,
B. Loer, F. Lombardi, P. Lombardi, L. Ludhova,

I. Machulin, S. Manecki, W. Maneschg, G. Manu-
zio, Q. Meindl, E. Meroni, L. Miramonti, M. Misi-
aszek, D. Montanari, P. Mosteiro, V. Muratova,

L. Oberauer, M. Obolensky, F. Ortica, K. Otis,

M. Pallavicini, L. Papp, L. Perasso, S. Perasso,

A. Pocar, R.S. Raghavan, G. Ranucci, A. Razeto,

A. Re, A. Romani, N. Rossi, D. Rountree, A. Sabel-
nikov, R. Saldanha, C. Salvo, S. Schonert, H. Sim-
gen, M. Skorokhvatov, O. Smirnov, A. Sotnikov,

S. Sukhotin, Y. Suvorov, R. Tartaglia, G. Testera,
D. Vignaud, R.B. Vogelaar, J. Winter, M. Wojcik,
A. Wright, M. Wurm, J. Xu, O. Zaimidoroga, S. Za-
vatarelli, G. Zuzel

Borexino calibrations: hardware, methods, and re-
sults

Journal of Instrumentation 07, P10018/1 — 41 (2012)

H. Abrahmowicz, V. Aushev, N. Zhmak

Scaled momentum distributions for K°s and A/A ™ in
DIS at HERA

Journal of High Energy Physics 1203:020 (2012)
020

R. Aaij, V. Iakovenko, O. Okhrimenko, V. Pugatch
et al (the LHCD Collaboration)

Measurement of the B: production cross-section
in pp collisions at s/=7 TeV

Journal of High Energy Physics 1204:093 (2012)

R. Aaij, V. Iakovenko, O. Okhrimenko, V. Pugatch
et al (the LHCb Collaboration)
Measurement of mixing and CP violation parameters

in two-body charm decays
Journal of High Energy Physics 1204:129 (2012)

R. Aaij, V. Iakovenko, O. Okhrimenko, V. Pugatch
et al (the LHCb Collaboration)

IHCTUTYT AJIEPHUX AOCJIDKEHb HAH YKPAIHU


http://inspirehep.net/author/Aaij%2C%20R.?recid=1188164&ln=en
http://inspirehep.net/search?p=collaboration:%27LHCb%27&ln=en
http://inspirehep.net/record/1090061
http://inspirehep.net/record/1090061
http://inspirehep.net/author/Aaij%2C%20R.?recid=1188164&ln=en
http://inspirehep.net/search?p=collaboration:%27LHCb%27&ln=en
http://inspirehep.net/record/1091071
http://inspirehep.net/record/1091071
http://inspirehep.net/author/Aaij%2C%20R.?recid=1188164&ln=en
http://inspirehep.net/search?p=collaboration:%27LHCb%27&ln=en
http://inspirehep.net/record/1104754
http://inspirehep.net/record/1104754
http://inspirehep.net/author/Aaij%2C%20R.?recid=1188164&ln=en
http://inspirehep.net/search?p=collaboration:%27LHCb%27&ln=en
http://inspirehep.net/record/1113594
http://inspirehep.net/record/1113594
http://inspirehep.net/author/Aaij%2C%20R.?recid=1188164&ln=en
http://inspirehep.net/search?p=collaboration:%27LHCb%27&ln=en
http://inspirehep.net/record/1119400
http://inspirehep.net/record/1119400
http://inspirehep.net/author/Aaij%2C%20R.?recid=1188164&ln=en
http://inspirehep.net/search?p=collaboration:%27LHCb%27&ln=en
http://inspirehep.net/record/1089993
http://inspirehep.net/record/1089993
http://inspirehep.net/author/Aaij%2C%20R.?recid=1188164&ln=en
http://inspirehep.net/search?p=collaboration:%27LHCb%27&ln=en
http://inspirehep.net/record/1082327
http://inspirehep.net/record/1082327
http://inspirehep.net/author/Aaij%2C%20R.?recid=1188164&ln=en
http://inspirehep.net/search?p=collaboration:%27LHCb%27&ln=en

OCHOBHI ITYBJIKAIIIT

Inclusive W and Z production in the forward region
at s/=7 TeV
Journal of High Energy Physics 1206:058 (2012)

R. Aaij, V. lakovenko, O. Okhrimenko, V. Pugatch
et al (the LHCb Collaboration)

Measurements of the branching fractions of the
decays B%.—D*K* and B%—D "

Journal of High Energy Physics 1206:115 (2012)

R. Aaij, V. lakovenko, O. Okhrimenko, V. Pugatch
et al (the LHCb Collaboration)
Observation of double charm production involving

open charm in pp collisions at s/=7 TeV
Journal of High Energy Physics 1206:141 (2012)

R. Aaij, V. lakovenko, O. Okhrimenko, V. Pugatch
et al (the LHCDb Collaboration)

Measurement of the isospin asymmetry

in B>K(*)u'y” decays

Journal of High Energy Physics 1207:133 (2012)

R. Aaij, V. lakovenko, O. Okhrimenko, V. Pugatch
et al (the LHCDb Collaboration)

Measurement of b-hadron branching fractions for
two-body decays into charmless charged hadrons
Journal of High Energy Physics 1210:037 (2012)

R. Aaij, V. lakovenko, O. Okhrimenko, V. Pugatch
et al (the LHCb Collaboration)

Study of D.J decays to D"\Ks and DK’ final states
in pp collisions

Journal of High Energy Physics 1210:151 (2012)

R. Aaij, V. lakovenko, O. Okhrimenko, V. Pugatch
et al (the LHCb Collaboration)

Measurement of the fraction of Y(1S) originating
from xb(1P) decays in pp collisions at s/=7 TeV
Journal of High Energy Physics 1211:031 (2012)

S.P. Maydanyuk, S.V. Belchikov
Calculation of penetrability of barriers in the pro-
ton-decay problem: fully quantum approach and ini-

tial condition of decay
Journ. Phys. Stud. 15 (4), 23 p. (2012)

V.S.Olkhovsky

Time as a quantum observable canonically conjugate
to energy. Time analysis of quantum processes of
tunneling and collisions (nuclear reactions)

LAP — LAMBERT Academic Publishing, Germany,
2012, 177 p.

V.S. Olkhovsky, E. Recami, S.P. Maydanyuk
Time as Quantum Observable, Canonically Conju-
gated to Energy

Measurements in quantum mechanics, ed.by
Mohammad Reza Pahlavani, ISBN 978-953-51-

IIIOPIYHUK - 2012

0058- Published by In Tech Janeza Trdine 9, 51000
Rijeka, Croatia, 17 — 56 (2012)

S.P. Maydanyuk, V.S. Olkhovsky

Full Quantum Study of the FRW Model with Radiation
and Chaplygin Gas

The Big Bang: Theory, Assumptions and Problems,
Eds: Jason R.O'Connell and Alice L.Hale,

Nova Publishers, 185 — 196 (2012)

V.S. Olkhovsky

A Brief Introduction Review on the Problems of the
Origin of the Universe

The Big Bang: Theory, Assumptions and Problems,
Eds: Jason R. O'Connell and Alice L. Hale,

Nova Publishers, 197 — 304 (2012)

P. Belli, R. Bernabei, R.Cerulli, F.A. Danevich,

E. Galenin, A. Gektin, A. Incicchitti, V. Isaienko,
V.V. Kobychev, M. Laubenstein, S.S. Nagorny,
R.B. Podviyanuk, S. Tkachenko, V.I. Tretyak
Radioactive contamination of SrI,(Eu) crystal scin-
tillator

Nucl. Instrum. Meth. A 670, 10— 17 (2012)

V. Pugatch, O. Okhrimenko

Metal micro-detector TimePix imaging synchrotron
radiation beams at the ESRF Bio-Medical Beamline
ID17

Nucl. Instrum. Meth. 682, 8 — 11 (2012)

P.G.Bizzeti, L.Carraresi, F.A.Danevich, T.Fazzini,
P.R.Maurenzig, F.Taccetti, N.Taccetti, V.I.Tretyak
Response of CdWO, crystal scintillator for few MeV
ions and low energy electrons

Nucl. Instrum. Meth. A 696, 144 — 150 (2012)

H. Abrahmowicz, V. Aushev, N. Zhmak
Inclusive-jet photoproduction at HERA and
determination of alphas

Nucl. Phys. B 864, 1 —37 (2012)

R. Aaij, V. Iakovenko, O. Okhrimenko, V. Pugatch
et al (the LHCb Collaboration)

Measurement of the ratio of branching fractions
BR(B°—K*° gamma)/BR(B,’—¢y) and the direct CP
asymmetry in B® — K*®y

Nucl. Phys. B 867, 1 — 18 (2013)

C.I1.MaiigaHrox

SlnepHoe TopmosHoe U3nyyeHue : MeToabl KBAHTO-
BOV MeXAHUKU U 3MeKTPOAVHAMUKM B 3a4a4aX U3NY-
YeHUs POTOHOB

Palmarium Academic Publishing, Saarbriicken,
2012, 140 p.

147


http://inspirehep.net/record/1107729
http://inspirehep.net/record/1107729
http://inspirehep.net/author/Aaij%2C%20R.?recid=1188164&ln=en
http://inspirehep.net/search?p=collaboration:%27LHCb%27&ln=en
http://inspirehep.net/record/1104751
http://inspirehep.net/record/1104751
http://inspirehep.net/record/1104751
http://inspirehep.net/record/1104751
http://inspirehep.net/record/1104751
http://inspirehep.net/record/1104751
http://inspirehep.net/record/1104751
http://inspirehep.net/record/1104751
http://inspirehep.net/record/1104751
http://inspirehep.net/record/1104751
http://inspirehep.net/record/1104751
http://inspirehep.net/record/1104751
http://inspirehep.net/record/1104751
http://inspirehep.net/record/1104751
http://inspirehep.net/record/1104751
http://inspirehep.net/record/1104751
http://inspirehep.net/record/1104751
http://inspirehep.net/record/1104751
http://inspirehep.net/author/Aaij%2C%20R.?recid=1188164&ln=en
http://inspirehep.net/search?p=collaboration:%27LHCb%27&ln=en
http://inspirehep.net/record/1113596
http://inspirehep.net/record/1113596
http://inspirehep.net/author/Aaij%2C%20R.?recid=1188164&ln=en
http://inspirehep.net/search?p=collaboration:%27LHCb%27&ln=en
http://inspirehep.net/record/1114752
http://inspirehep.net/record/1114752
http://inspirehep.net/record/1114752
http://inspirehep.net/record/1114752
http://inspirehep.net/record/1114752
http://inspirehep.net/record/1114752
http://inspirehep.net/author/Aaij%2C%20R.?recid=1188164&ln=en
http://inspirehep.net/search?p=collaboration:%27LHCb%27&ln=en
http://inspirehep.net/record/1118162
http://inspirehep.net/record/1118162
http://inspirehep.net/author/Aaij%2C%20R.?recid=1188164&ln=en
http://inspirehep.net/search?p=collaboration:%27LHCb%27&ln=en
http://inspirehep.net/record/1123799
http://inspirehep.net/record/1123799
http://inspirehep.net/record/1123799
http://inspirehep.net/record/1123799
http://inspirehep.net/record/1123799
http://inspirehep.net/record/1123799
http://inspirehep.net/record/1123799
http://inspirehep.net/record/1123799
http://inspirehep.net/record/1123799
http://inspirehep.net/record/1123799
http://inspirehep.net/record/1123799
http://inspirehep.net/record/1123799
http://inspirehep.net/author/Aaij%2C%20R.?recid=1188164&ln=en
http://inspirehep.net/search?p=collaboration:%27LHCb%27&ln=en
http://inspirehep.net/record/1184177
http://inspirehep.net/record/1184177
http://inspirehep.net/author/Aaij%2C%20R.?recid=1188164&ln=en
http://inspirehep.net/search?p=collaboration:%27LHCb%27&ln=en
http://inspirehep.net/record/1184178
http://inspirehep.net/record/1184178
http://inspirehep.net/record/1184178
http://inspirehep.net/record/1184178
http://inspirehep.net/record/1184178
http://inspirehep.net/record/1184178
http://inspirehep.net/record/1184178
http://inspirehep.net/record/1184178
http://inspirehep.net/record/1184178
http://inspirehep.net/record/1184178
http://inspirehep.net/record/1184178
http://inspirehep.net/record/1184178
http://inspirehep.net/record/1184178
http://inspirehep.net/record/1184178

OCHOBHI ITYBJIKAIIT

N. Carjan, F.A. Ivanyuk, V.V. Pashkevich
Cassini-oval description of the energy balance at
scission during Z°U(ny, , f)

Physics Procedia 31, 66 — 77 (2012)

V.M. Kolomietz, S.V. Lukyanov, A.l. Sanzhur
Nucleon distribution in nuclei beyond the p-stability
line

Phys. Rev. C 85, — 034309/1 — 20 (2012)

V.L. Litnevsky, V.V. Pashkevich, G.I. Kosenko,
F.A. Ivanyuk

The account of the shell structure of colliding nuclei
in the fusion-fission reactions

Phys. Rev. C 85, 034602/1 — 9 (2012)

P. Belli, R. Bernabei, R.S. Boiko, V.B. Brudanin,
F. Cappella, V. Caracciolo, R. Cerulli, D.M. Cher-
nyak, F.A. Danevich, S. d’Angelo, E.N. Galashov,
A. Incicchitti, V.V. Kobychev, M. Laubenstein,
V.M. Mokina, D.V. Poda, R.B. Podviyanuk,

O.G. Polischuk, V.N. Shlegel, Yu.G. Stenin,

J. Suhonen , V.I. Tretyak, Ya.V. Vasiliev

Search for double-p decay processes in °°Cd with
the help of a '°°CdWO, crystal scintillator

Phys. Rev. C 85, 044610/ 1 - 12 (2012)

J.P. Blocki, A.G. Magner
Chaoticity and shell effects in the nearest-neighbor

distributions for an axially-symmetric potentials
Phys. Rev. C. 85, 064311/1 — 10 (2012)

O.M. Povoroznyk, O.K. Gorpinich, O.0. Yachmen-
jov, A.V. Mokhnach, O.A. Ponkratenko, G. Man-
daglio, F. Curciarello, V. De Leo, G. Fazio, G. Giar-
dina

Experimental evidence of the °He level at

E* = 18.3 MeV via the *“He + *H three-body reaction
Phys. Rev. C 85, 064330/1 — 8 (2012)

S.P. Maydanyuk

Model for bremsstrahlung emission accompanying
interactions between protons and nuclei from low
energies up to intermediate energies: Role of mag-
netic emission

Phys. Rev. C 86, 014618/1 — 21 (2012)

V.M. Kolomietz, S.V. Lukyanov, A.I. Sanzhur
Curved and diffuse interface effects on the nuclear

surface tension
Phys. Rev. C 86, 024304/1 — 8 (2012)

R. Aaij, V. lakovenko, O. Okhrimenko, V. Pugatch
et al (the LHCDb Collaboration)

Measurement of b-hadron production fractions

in 7 TeVpp collisions

Phys.Rev. D 85, 032008/1 — 16 (2012)

148

R. Aaij, V. lakovenko, O. Okhrimenko, V. Pugatch
et al (the LHCDb Collaboration)

Analysis of the resonant components in B.—J/y n'n’
Phys.Rev. D 86, 052006/ 1 — 20 (2012)

R. Aaij, V. Iakovenko, O. Okhrimenko, V. Pugatch
et al (the LHCb Collaboration)
Measurement of the B%,—J/yKL branching fraction

and angular amplitudes
Phys.Rev. D 86, 071102/1 —9 (2012)

R. Aaij, V. Iakovenko, O. Okhrimenko, V. Pugatch
et al (the LHCb Collaboration)

Search for the X(4140) state in B'>J/ypK" decays
Phys.Rev. D 85, 091103/1 — 7 (2012)

R. Aaij, V. Iakovenko, O. Okhrimenko, V. Pugatch
et al (the LHCb Collaboration)

Measurements of the branching fractions and CP
asymmetries of B" to J/y n" and B" to y(2S) n" de-
cays

Phys.Rev. D 85, 091105/ 1 -8 (2012)

G. Bellini, J. Benziger, D. Bick, G. Bonfini, D. Bra-
vo, M.B. Avanzini, B. Caccianiga, L. Cadonati,

F. Calaprice, C. Carraro, P. Cavalcante, A. Chavar-
ria, D. D’Angelo, S. Davini, A. Derbin, A. Etenko,
K. Fomenko, D. Franco, C. Galbiati, S. Gazzana,

C. Ghiano, M. Giammarchi, M. Goeger-Neff,

A. Goretti, L. Grandi, E. Guardincerri, S. Hardy,
Aldo Ianni, Andrea Ianni, A. Kayunov, A. Koby-
chev, D. Korablev, G. Korga, Y. Koshio, D. Kryn,
M. Laubenstein, L. Lewke, E. Litvinovich, B. Loer,
F. Lombardi, P. Lombardi, L. Ludhova, I. Machulin,
S. Manecki, W. Maneschg, G. Manuzio, Q. Meindl,
E. Meroni, L. Miramonti, M. Misiaszek, D. Mon-
tanari, P. Mosteiro, V. Muratova, L. Oberauer,

M. Obolensky, F. Ortica, K. Otis, M. Pallavicini,

L. Papp, L. Perasso, S. Perasso, A. Pocar, R.S. Rag-
havan, G. Ranucci, A. Razeto, A. Re, P.A. Romani,
A. Sabelnikov, R. Saldanha, C. Salvo, S. Schonert,
H. Simgen, M. Skorokhvatov, O. Smirnov, A. Sot-
nikov, S. Sukhotin, Y. Suvorov, R. Tartaglia,

G. Testera, D. Vignaud, R.B. Vogelaar, F. von Fei-
litzsch, J. Winter, M. Wojcik, A. Wright, M. Wurm,
J. Xu, O. Zaimidoroga, S. Zavatarelli, G. Zuzel
Search for solar axions produced in the p(d:*He)A
reaction with Borexino detector

Phys. Rev. D 85, 092003/1 — 11 (2012)

R. Aaij, V. Iakovenko, O. Okhrimenko, V. Pugatch
et al (the LHCb Collaboration)

Searches for Majorana neutrinos in B™ decays
Phys.Rev. D 85, 112004/1 — 13 (2012)

R. Aaij, V. Iakovenko, O. Okhrimenko, V. Pugatch
et al (the LHCb Collaboration)

IHCTUTYT SJIEPHUX JIOCJIIJDKEHb HAH YKPATHU


http://inspirehep.net/author/Aaij%2C%20R.?recid=1188164&ln=en
http://inspirehep.net/search?p=collaboration:%27LHCb%27&ln=en
http://inspirehep.net/record/945381
http://inspirehep.net/record/945381
http://inspirehep.net/author/Aaij%2C%20R.?recid=1188164&ln=en
http://inspirehep.net/search?p=collaboration:%27LHCb%27&ln=en
http://inspirehep.net/record/1112264
http://inspirehep.net/record/1112264
http://inspirehep.net/record/1112264
http://inspirehep.net/record/1112264
http://inspirehep.net/record/1112264
http://inspirehep.net/record/1112264
http://inspirehep.net/record/1112264
http://inspirehep.net/author/Aaij%2C%20R.?recid=1188164&ln=en
http://inspirehep.net/search?p=collaboration:%27LHCb%27&ln=en
http://inspirehep.net/record/1125853
http://inspirehep.net/record/1125853
http://inspirehep.net/record/1125853
http://inspirehep.net/record/1125853
http://inspirehep.net/record/1125853
http://inspirehep.net/record/1125853
http://inspirehep.net/record/1125853
http://inspirehep.net/record/1125853
http://inspirehep.net/author/Aaij%2C%20R.?recid=1188164&ln=en
http://inspirehep.net/search?p=collaboration:%27LHCb%27&ln=en
http://inspirehep.net/record/1090150
http://inspirehep.net/record/1090150
http://inspirehep.net/record/1090150
http://inspirehep.net/record/1090150
http://inspirehep.net/record/1090150
http://inspirehep.net/record/1090150
http://inspirehep.net/author/Aaij%2C%20R.?recid=1188164&ln=en
http://inspirehep.net/search?p=collaboration:%27LHCb%27&ln=en
http://inspirehep.net/record/1094045
http://inspirehep.net/record/1094045
http://inspirehep.net/record/1094045
http://inspirehep.net/record/1094045
http://inspirehep.net/record/1094045
http://inspirehep.net/record/1094045
http://inspirehep.net/record/1094045
http://inspirehep.net/record/1094045
http://inspirehep.net/record/1094045
http://inspirehep.net/record/1094045
http://inspirehep.net/record/1094045
http://inspirehep.net/author/Aaij%2C%20R.?recid=1188164&ln=en
http://inspirehep.net/search?p=collaboration:%27LHCb%27&ln=en
http://inspirehep.net/record/1085982
http://inspirehep.net/record/1085982
http://inspirehep.net/record/1085982
http://inspirehep.net/author/Aaij%2C%20R.?recid=1188164&ln=en
http://inspirehep.net/search?p=collaboration:%27LHCb%27&ln=en

OCHOBHI ITYBJIKAIIIT

Measurement of the ratio of branching frac-
tions B(B®>K0y)/B(B%~>py)
Phys. Rev. D 85, 112013/1 — 8 (2012)

R. Aaij, V. lakovenko, O. Okhrimenko, V. Pugatch
et al (the LHCDb Collaboration)

Measurement of the CP-violating phase @ in the

decay B%~>J/yp
Phys.Rev. Lett. 108, 101803/1 — 9 (2012)

R. Aaij, V. lakovenko, O. Okhrimenko, V. Pugatch
et al (the LHCb Collaboration)
Evidence for CP violation in time-

integrated D°—h"h" decay rates
Phys. Rev. Lett. 108, 111602/1 — 8 (2012)

R. Aaij, V. lakovenko, O. Okhrimenko, V. Pugatch
et al (the LHCDb Collaboration)

Observation of B—J/yf'2(1525) in J/yK'K™ final
States

Phys. Rev. Lett. 108, 151801/1 — 7 (2012)

R. Aaij, V. lakovenko, O. Okhrimenko, V. Pugatch
et al (the LHCDb Collaboration)

First observation of the dcays B o—D'K'n'n” and
B-—DKm'm

Phys. Rev. Lett. 108, 161801/ 1 — 8 (2012)

R. Aaij, V. lakovenko, O. Okhrimenko, V. Pugatch
et al (the LHCb Collaboration)

Differential branching fraction and angular analysis
of the decay B*->K*%u'y

Phys. Rev. Lett. 108, 181806/1 — 8 (2012)

R. Aaij, V. lakovenko, O. Okhrimenko, V. Pugatch
et al (the LHCb Collaboration)
First evidence of direct CP violation in charmless

two-body decays of B mesons
Phys.Rev. Lett. 108, 201601/1 — 8 (2012)

R. Aaij, V. lakovenko, O. Okhrimenko, V. Pugatch
et al (the LHCb Collaboration)

Strong constraints on the rare decays B,—p'y” and
BO—yW"

Phys. Rev. Lett. 108, 231801/1 — 8 (2012)

R. Aaij, V. lakovenko, O. Okhrimenko, V. Pugatch
et al (the LHCb Collaboration)

Determination of the sign of the decay width dif-

ference in the B, system
Phys. Rev. Lett. 108, 241801/1 — 7 (2012)

R. Aaij, V. lakovenko, O. Okhrimenko, V. Pugatch
et al (the LHCDb Collaboration)

First observation of the decay B'c—J/yn'n "
Phys. Rev. Lett. 108, 251802/1 — 7 (2012)

R. Aaij, V. lakovenko, O. Okhrimenko, V. Pugatch
et al (the LHCb Collaboration)

IIIOPIYHUK - 2012

Observation of the decay B° — D°K' K™ and evidence
for B* > D°K" K
Phys.Rev. Lett. 109, 131801/1 — 8 (2012)

R. Aaij, V. Iakovenko, O. Okhrimenko, V. Pugatch
et al (the LHCb Collaboration)

Measurement of the Bs effective lifetime in the
J/y fo(980) final state

Phys. Rev. Lett. 109, 152002/1 — 8 (2012)

R. Aaij, V. lakovenko, O. Okhrimenko, V. Pugatch
et al (the LHCD Collaboration)

Observation of excited A.? baryons

Phys. Rev. Lett. 109, 172003/1 — 8 (2012)

R. Aaij, V. Iakovenko, O. Okhrimenko, V. Pugatch
et al (the LHCDb Collaboration)

Measurements of B+c¢ production and mass with
the B+c—J/yn+ decay

Phys. Rev. Lett. 109, 232001/1 — 8 (2012)

G. Bellini, J. Benziger, D. Bick, S. Bonetti, G. Bon-
fini, M.B. Avanzini, B. Caccianiga, L. Cadonati,

F. Calaprice, C. Carraro, P. Cavalcante, A. Chava-
rria, D. D’Angelo, S. Davini, A. Derbin, A. Etenko,
F. von Feilitzsch, K. Fomenko, D. Franco, C. Gal-
biati, S. Gazzana, C. Ghiano, M. Giammarchi,

M. Goger-Neff, A. Goretti, L. Grandi, E. Guardin-
cerri, S. Hardy, Aldo Ianni, Andrea Ianni, V. Koby-
chev, D. Korablev, G. Korga, Y. Koshio, D. Kryn,
M. Laubenstein, T. Lewke, E. Litvinovich, B. Loer,
P. Lombardi, F. Lombardi, L. Ludhova, I. Machulin,
S. Manecki, W. Maneschg, G. Manuzio, Q. Meindl,
E. Meroni, L. Miramonti, M. Misiaszek, D. Monta-
nari, P. Mosteiro, V. Muratova, L. Oberauer,

M. Obolensky, F. Ortica, M. Pallavicini, L. Papp,
C. Pena-Garay, L. Perasso, S. Perasso, A. Pocar,
R.S. Raghavan, G. Ranucci, A. Razeto, A. Re,

A. Romani, A. Sabelnikov, R. Saldanha, C. Salvo,
S. Schonert, H. Simgen, M. Skorokhvatov, O. Smir-
nov, A. Sotnikov, S. Sukhotin, Y. Suvorov, R. Tar-
taglia, G. Testera, D. Vignaud, R.B. Vogelaar,

J. Winter, M. Wojcik, A. Wright, M. Wurm, J. Xu,
0. Zaimidoroga, S. Zavatarelli, G. Zuzel

Absence of a day-night asymmetry in the "Be solar
neutrino rate in Borexino
Phys. Lett. B 707,22 — 26 (2012)

J.W. Beeman, F.A. Danevich, V.Ya. Degoda,

E.N. Galashov, A. Giuliani, V.V. Kobycheyv,

M. Mancuso, S. Marnieros, C. Nones, E. Olivieri,
G. Pessina, C. Rusconi, V.N. Shlegel, V.I. Tretyak,
Ya.V. Vasiliev

A next-generation neutrinoless double beta decay
experiment based on ZnMoO; scintillating
bolometers

Phys. Lett. B 710, 318 — 323 (2012)

149


http://inspirehep.net/record/1090962
http://inspirehep.net/record/1090962
http://inspirehep.net/record/1090962
http://inspirehep.net/record/1090962
http://inspirehep.net/record/1090962
http://inspirehep.net/record/1090962
http://inspirehep.net/record/1090962
http://inspirehep.net/record/1090962
http://inspirehep.net/record/1090962
http://inspirehep.net/author/Aaij%2C%20R.?recid=1188164&ln=en
http://inspirehep.net/search?p=collaboration:%27LHCb%27&ln=en
http://inspirehep.net/record/1081275
http://inspirehep.net/record/1081275
http://inspirehep.net/record/1081275
http://inspirehep.net/record/1081275
http://inspirehep.net/record/1081275
http://inspirehep.net/record/1081275
http://inspirehep.net/record/1081275
http://inspirehep.net/record/1081275
http://inspirehep.net/author/Aaij%2C%20R.?recid=1188164&ln=en
http://inspirehep.net/search?p=collaboration:%27LHCb%27&ln=en
http://inspirehep.net/record/1079920
http://inspirehep.net/record/1079920
http://inspirehep.net/record/1079920
http://inspirehep.net/record/1079920
http://inspirehep.net/record/1079920
http://inspirehep.net/record/1079920
http://inspirehep.net/record/1079920
http://inspirehep.net/record/1079920
http://inspirehep.net/author/Aaij%2C%20R.?recid=1188164&ln=en
http://inspirehep.net/search?p=collaboration:%27LHCb%27&ln=en
http://inspirehep.net/record/1082328
http://inspirehep.net/record/1082328
http://inspirehep.net/record/1082328
http://inspirehep.net/record/1082328
http://inspirehep.net/record/1082328
http://inspirehep.net/record/1082328
http://inspirehep.net/record/1082328
http://inspirehep.net/record/1082328
http://inspirehep.net/author/Aaij%2C%20R.?recid=1188164&ln=en
http://inspirehep.net/search?p=collaboration:%27LHCb%27&ln=en
http://inspirehep.net/record/1085516
http://inspirehep.net/record/1085516
http://inspirehep.net/record/1085516
http://inspirehep.net/record/1085516
http://inspirehep.net/record/1085516
http://inspirehep.net/record/1085516
http://inspirehep.net/record/1085516
http://inspirehep.net/record/1085516
http://inspirehep.net/record/1085516
http://inspirehep.net/record/1085516
http://inspirehep.net/record/1085516
http://inspirehep.net/record/1085516
http://inspirehep.net/record/1085516
http://inspirehep.net/record/1085516
http://inspirehep.net/record/1085516
http://inspirehep.net/record/1085516
http://inspirehep.net/record/1085516
http://inspirehep.net/record/1085516
http://inspirehep.net/record/1085516
http://inspirehep.net/record/1085516
http://inspirehep.net/author/Aaij%2C%20R.?recid=1188164&ln=en
http://inspirehep.net/search?p=collaboration:%27LHCb%27&ln=en
http://inspirehep.net/record/1081581
http://inspirehep.net/record/1081581
http://inspirehep.net/record/1081581
http://inspirehep.net/record/1081581
http://inspirehep.net/record/1081581
http://inspirehep.net/record/1081581
http://inspirehep.net/record/1081581
http://inspirehep.net/record/1081581
http://inspirehep.net/record/1081581
http://inspirehep.net/record/1081581
http://inspirehep.net/author/Aaij%2C%20R.?recid=1188164&ln=en
http://inspirehep.net/search?p=collaboration:%27LHCb%27&ln=en
http://inspirehep.net/record/1090895
http://inspirehep.net/record/1090895
http://inspirehep.net/record/1090895
http://inspirehep.net/record/1090895
http://inspirehep.net/author/Aaij%2C%20R.?recid=1188164&ln=en
http://inspirehep.net/search?p=collaboration:%27LHCb%27&ln=en
http://inspirehep.net/record/1094383
http://inspirehep.net/record/1094383
http://inspirehep.net/record/1094383
http://inspirehep.net/record/1094383
http://inspirehep.net/record/1094383
http://inspirehep.net/record/1094383
http://inspirehep.net/record/1094383
http://inspirehep.net/record/1094383
http://inspirehep.net/record/1094383
http://inspirehep.net/record/1094383
http://inspirehep.net/record/1094383
http://inspirehep.net/record/1094383
http://inspirehep.net/record/1094383
http://inspirehep.net/record/1094383
http://inspirehep.net/author/Aaij%2C%20R.?recid=1188164&ln=en
http://inspirehep.net/search?p=collaboration:%27LHCb%27&ln=en
http://inspirehep.net/record/1089837
http://inspirehep.net/record/1089837
http://inspirehep.net/record/1089837
http://inspirehep.net/record/1089837
http://inspirehep.net/author/Aaij%2C%20R.?recid=1188164&ln=en
http://inspirehep.net/search?p=collaboration:%27LHCb%27&ln=en
http://inspirehep.net/record/1097092
http://inspirehep.net/record/1097092
http://inspirehep.net/record/1097092
http://inspirehep.net/record/1097092
http://inspirehep.net/record/1097092
http://inspirehep.net/record/1097092
http://inspirehep.net/record/1097092
http://inspirehep.net/record/1097092
http://inspirehep.net/record/1097092
http://inspirehep.net/author/Aaij%2C%20R.?recid=1188164&ln=en
http://inspirehep.net/search?p=collaboration:%27LHCb%27&ln=en
http://inspirehep.net/record/1123797
http://inspirehep.net/record/1123797
http://inspirehep.net/record/1123797
http://inspirehep.net/record/1123797
http://inspirehep.net/record/1123797
http://inspirehep.net/record/1123797
http://inspirehep.net/record/1123797
http://inspirehep.net/record/1123797
http://inspirehep.net/record/1123797
http://inspirehep.net/record/1123797
http://inspirehep.net/record/1123797
http://inspirehep.net/record/1123797
http://inspirehep.net/record/1123797
http://inspirehep.net/record/1123797
http://inspirehep.net/record/1123797
http://inspirehep.net/record/1123797
http://inspirehep.net/record/1123797
http://inspirehep.net/record/1123797
http://inspirehep.net/author/Aaij%2C%20R.?recid=1188164&ln=en
http://inspirehep.net/search?p=collaboration:%27LHCb%27&ln=en
http://inspirehep.net/record/1121120
http://inspirehep.net/record/1121120
http://inspirehep.net/record/1121120
http://inspirehep.net/record/1121120
http://inspirehep.net/author/Aaij%2C%20R.?recid=1188164&ln=en
http://inspirehep.net/search?p=collaboration:%27LHCb%27&ln=en
http://inspirehep.net/record/1114753
http://inspirehep.net/record/1114753
http://inspirehep.net/record/1114753
http://inspirehep.net/record/1114753
http://inspirehep.net/author/Aaij%2C%20R.?recid=1188164&ln=en
http://inspirehep.net/search?p=collaboration:%27LHCb%27&ln=en
http://inspirehep.net/record/1188009
http://inspirehep.net/record/1188009

OCHOBHI ITYBJIKAIIT

P. Belli, R. Bernabei, F. Cappella, R. Cerulli,
F.A. Danevich, A. d’Angelo, A. Incicchitti,

V.V. Kobychev, M. Laubenstein, O.G. Polischuk,
V.I. Tretyak

Search for Li solar axions using resonant
absorption in LiF crystal: Final results

Phys. Lett. B 711, 41 — 45 (2012)

P. Alvarez-Sanchez, R. Barzaghi, G. Bellini, J. Ben-
ziger, B. Betti, L. Biagi, D. Bick, G. Bonfini,

D. Bravo, M. Buizza-Avanzini, B. Caccianiga,

L. Cadonati, C. Carraro, P. Cavalcante, G. Cerretto,
A. Chavarria, D. D’Angelo, S. Davini,

C.De Gaetani, A. Derbin, A. Etenko, H. Esteban,

K. Fomenko, D. Franco, C. Galbiati, S. Gazzana,

C. Ghiano, M. Giammarchi, M. Goger-Neff, A. Go-
retti, L. Grandi, E. Guardincerri, S. Hardy, Aldo
Ianni, Andrea Ianni, M. Jones, A. Kayunov, V. Ko-
bychev, D. Korablev, G. Korga, Y. Koshio, D. Kryn,
M. Laubenstein, T. Lewke, E. Litvinovich, B. Loer,
P. Lombardi, F. Lombardi, L. Ludhova, I. Machulin,
S. Manecki, W. Maneschg, G. Manuzio, Q. Meindl,
E. Meroni, L. Miramonti, M. Misiaszek, D. Misiaen,
D. Montanari, P. Mosteiro, V. Muratova, L. Ober-
auer, M. Obolensky, F. Ortica, K. Otis, M. Pal-
lavicini, L. Papp, D. Passoni, L. Pinto, L. Perasso,
S. Perasso, V. Pettiti, C. Plantard, A. Pocar,

R.S. Raghavan, G. Ranucci, A. Razeto, A. Re,

A. Romani, N. Rossi, A. Sabelnikov, R. Saldanha,
C. Salvo, S. Schonert, J. Serrano, H. Simgen,

M. Skorokhvatov, O. Smirnov, A. Sotnikov,

P. Spinnato, S. Sukhotin, Y. Suvorov, R. Tartaglia,
G. Testera, D. Vignaud, M.G. Visconti, R.B. Voge-
laar, F. von Feilitzsch, J. Winter, M. Wojcik,

A. Wright, M. Wurm, J. Xu, O. Zaimidoroga,

S. Zavatarelli, G. Zuzel

Measurement of CNGS muon neutrino speed with
Borexino

Phys. Lett. B 716, 401 — 405 (2012)

R. Aaij, V. lakovenko, O. Okhrimenko, V. Pugatch
et al (the LHCb Collaboration)

Measurement of the effective B, —K'K  lifetime
Phys. Lett. B 707, 349 — 356 (2012)

R. Aaij, V. lakovenko, O. Okhrimenko, V. Pugatch
et al (the LHCDb Collaboration)

Measurement of the CP violating phase s in
B%->J/wfo(980)

Phys. Lett. B 707, 497 — 505 (2012)

R. Aaij, V. lakovenko, O. Okhrimenko, V. Pugatch
et al (the LHCb Collaboration)

Search for the rare decays B®.—y'y” and B%—p'y
Phys. Lett. B 708, 55 — 67 (2012)

150

R. Aaij, V. lakovenko, O. Okhrimenko, V. Pugatch
et al (the LHCDb Collaboration)

Measurement of b-hadron masses

Phys.Lett. B 708, 241 — 248 (2012)

R. Aaij, V. Iakovenko, O. Okhrimenko, V. Pugatch
et al (the LHCb Collaboration)

First observation of the decay B% —K
Phys. Lett. B 709, 50 — 58 (2012)

R. Aaij, V. Iakovenko, O. Okhrimenko, V. Pugatch
et al (the LHCD Collaboration)

Measurement of the B%-B; oscillation fre-
quency Am, in B%,—D_(3)m decays

Phys.Lett. B 709, 177 — 184 (2012)

R. Aaij, V. Iakovenko, O. Okhrimenko, V. Pugatch
et al (the LHCb Collaboration)

Observation of CP violation in B* — DK" decays
Phys.Lett. B 712, 203-212, (2012)

R. Aaij, V. lakovenko, O. Okhrimenko, V. Pugatch
et al (the LHCDb Collaboration)

Measurement of the B%,—J/yK’ branching fraction
Phys. Lett. B 713, 172 - 179 (2012)

R. Aaij, V. Iakovenko, O. Okhrimenko, V. Pugatch
et al (the LHCb Collaboration)

Measurement of the Ds" - Dy production asymmetry
in 7 TeV pp collisions

Phys. Lett. B 713, 186 — 195 (2012)

R. Aaij, V. Iakovenko, O. Okhrimenko, V. Pugatch
et al (the LHCb Collaboration)
Measurement of the polarization amplitudes and

triple product asymmetries in the B¢ ¢ decay
Phys.Lett. B 713, 369 — 377 (2012)

R. Aaij, V. Iakovenko, O. Okhrimenko, V. Pugatch
et al (the LHCb Collaboration)

Measurement of the CP-violating phase ¢, in

B.—Jyn n decays

Phys.Lett. B 713, 378 — 386 (2012)

R. Aaij, V. lakovenko, O. Okhrimenko, V. Pugatch
et al (the LHCD Collaboration)

Measurement of the cross-section ratio
a(xc2)/a(xcl) for prompt xc production at /s=7 TeV
Phys.Lett. B 714, 215 — 223 (2012)

H. Abrahmowicz, V. Aushev, N. Zhmak
Measurement of isolated photons accompanied by

jets in deep inelastic ep scattering
Phys. Lett. B 715, 88 — 97 (2012)

R. Aaij, V. Iakovenko, O. Okhrimenko, V. Pugatch
et al (the LHCb Collaboration)

Measurement of the effective B%.—K'K lifetime
Phys. Lett. B 716, 393 — 400 (2012)

*0 E*O

IHCTUTYT AJIEPHUX AOCJIDKEHb HAH YKPAIHU


http://inspirehep.net/author/Aaij%2C%20R.?recid=1188164&ln=en
http://inspirehep.net/search?p=collaboration:%27LHCb%27&ln=en
http://inspirehep.net/record/944152
http://inspirehep.net/record/944152
http://inspirehep.net/record/944152
http://inspirehep.net/record/944152
http://inspirehep.net/record/944152
http://inspirehep.net/record/944152
http://inspirehep.net/record/944152
http://inspirehep.net/record/944152
http://inspirehep.net/author/Aaij%2C%20R.?recid=1188164&ln=en
http://inspirehep.net/search?p=collaboration:%27LHCb%27&ln=en
http://inspirehep.net/record/1081268
http://inspirehep.net/record/1081268
http://inspirehep.net/record/1081268
http://inspirehep.net/record/1081268
http://inspirehep.net/record/1081268
http://inspirehep.net/record/1081268
http://inspirehep.net/record/1081268
http://inspirehep.net/record/1081268
http://inspirehep.net/record/1081268
http://inspirehep.net/author/Aaij%2C%20R.?recid=1188164&ln=en
http://inspirehep.net/search?p=collaboration:%27LHCb%27&ln=en
http://inspirehep.net/record/1080385
http://inspirehep.net/record/1080385
http://inspirehep.net/record/1080385
http://inspirehep.net/record/1080385
http://inspirehep.net/record/1080385
http://inspirehep.net/record/1080385
http://inspirehep.net/record/1080385
http://inspirehep.net/record/1080385
http://inspirehep.net/record/1080385
http://inspirehep.net/record/1080385
http://inspirehep.net/record/1080385
http://inspirehep.net/record/1080385
http://inspirehep.net/record/1080385
http://inspirehep.net/record/1080385
http://inspirehep.net/author/Aaij%2C%20R.?recid=1188164&ln=en
http://inspirehep.net/search?p=collaboration:%27LHCb%27&ln=en
http://inspirehep.net/record/1082449
http://inspirehep.net/author/Aaij%2C%20R.?recid=1188164&ln=en
http://inspirehep.net/search?p=collaboration:%27LHCb%27&ln=en
http://inspirehep.net/record/946440
http://inspirehep.net/record/946440
http://inspirehep.net/record/946440
http://inspirehep.net/record/946440
http://inspirehep.net/record/946440
http://inspirehep.net/record/946440
http://inspirehep.net/record/946440
http://inspirehep.net/record/946440
http://inspirehep.net/author/Aaij%2C%20R.?recid=1188164&ln=en
http://inspirehep.net/search?p=collaboration:%27LHCb%27&ln=en
http://inspirehep.net/record/1082063
http://inspirehep.net/record/1082063
http://inspirehep.net/record/1082063
http://inspirehep.net/record/1082063
http://inspirehep.net/record/1082063
http://inspirehep.net/record/1082063
http://inspirehep.net/record/1082063
http://inspirehep.net/record/1082063
http://inspirehep.net/record/1082063
http://inspirehep.net/record/1082063
http://inspirehep.net/record/1082063
http://inspirehep.net/record/1082063
http://inspirehep.net/record/1082063
http://inspirehep.net/record/1082063
http://inspirehep.net/record/1082063
http://inspirehep.net/author/Aaij%2C%20R.?recid=1188164&ln=en
http://inspirehep.net/search?p=collaboration:%27LHCb%27&ln=en
http://inspirehep.net/record/1094080
http://inspirehep.net/record/1094080
http://inspirehep.net/record/1094080
http://inspirehep.net/record/1094080
http://inspirehep.net/record/1094080
http://inspirehep.net/author/Aaij%2C%20R.?recid=1188164&ln=en
http://inspirehep.net/search?p=collaboration:%27LHCb%27&ln=en
http://inspirehep.net/record/1113595
http://inspirehep.net/record/1113595
http://inspirehep.net/record/1113595
http://inspirehep.net/record/1113595
http://inspirehep.net/record/1113595
http://inspirehep.net/record/1113595
http://inspirehep.net/record/1113595
http://inspirehep.net/author/Aaij%2C%20R.?recid=1188164&ln=en
http://inspirehep.net/search?p=collaboration:%27LHCb%27&ln=en
http://inspirehep.net/record/1113593
http://inspirehep.net/record/1113593
http://inspirehep.net/record/1113593
http://inspirehep.net/record/1113593
http://inspirehep.net/record/1113593
http://inspirehep.net/record/1113593
http://inspirehep.net/record/1113593
http://inspirehep.net/record/1113593
http://inspirehep.net/author/Aaij%2C%20R.?recid=1188164&ln=en
http://inspirehep.net/search?p=collaboration:%27LHCb%27&ln=en
http://inspirehep.net/record/1110692
http://inspirehep.net/record/1110692
http://inspirehep.net/record/1110692
http://inspirehep.net/record/1110692
http://inspirehep.net/record/1110692
http://inspirehep.net/author/Aaij%2C%20R.?recid=1188164&ln=en
http://inspirehep.net/search?p=collaboration:%27LHCb%27&ln=en
http://inspirehep.net/record/1112268
http://inspirehep.net/record/1112268
http://inspirehep.net/record/1112268
http://inspirehep.net/record/1112268
http://inspirehep.net/record/1112268
http://inspirehep.net/record/1112268
http://inspirehep.net/record/1112268
http://inspirehep.net/record/1112268
http://inspirehep.net/record/1112268
http://inspirehep.net/record/1112268
http://inspirehep.net/author/Aaij%2C%20R.?recid=1188164&ln=en
http://inspirehep.net/search?p=collaboration:%27LHCb%27&ln=en
http://inspirehep.net/record/1087907
http://inspirehep.net/record/1087907
http://inspirehep.net/author/Aaij%2C%20R.?recid=1188164&ln=en
http://inspirehep.net/search?p=collaboration:%27LHCb%27&ln=en
http://inspirehep.net/record/1123798
http://inspirehep.net/record/1123798
http://inspirehep.net/record/1123798
http://inspirehep.net/record/1123798
http://inspirehep.net/record/1123798
http://inspirehep.net/record/1123798
http://inspirehep.net/record/1123798
http://inspirehep.net/record/1123798

OCHOBHI ITYBJIKAIIIT

R. Aaij, V. lakovenko, O. Okhrimenko, V. Pugatch
et al (the LHCb Collaboration)

A model-independent Dalitz plot analysis

of B*-DK* with D—K%h'h™ (h=m, K) decays and con-
straints on the CKM angle y

Phys. Lett. B 718 43 — 55 (2012)

R. Aaij, V. lakovenko, O. Okhrimenko, V. Pugatch
et al (the LHCDb Collaboration)

Measurement of the ratio of prompt xc --> J/y pro-
duction in pp collisions at /s=7 TeV

Phys.Lett. B 718, 431 — 440 (2012)

T.V.Obikhod,
Derived category and new physics at the LHC

Proceedings of the International Geometry Center 5,
N 1,31-42(2012)

V. Pugatch, O. Okhrimenko
Metal micro-detectors for radiation therapy in-

strumentation
Radiotherapy and Oncology 102, S57-S58 (2012)

S. P. Maydanyuk, A. Del Popolo, V. S. Olkhovsky,
E. Recami

A Fully Quantum Model of Big Bang

Theoretical Concepts of Quantum Mechanics, ed.by
Mohammad Reza Pahlavani

ISBN 978-953-51-0088-1— Published by In Tech,
Croatia, 2012 (pp.341-382)

ATOMHa eHepreTuka:

C.1. Azapos, 10.B. Jlutsunos, B.JI. Cugopenko
ExkonoriuHi npobnemu subopy maiaaHuvka ans 6y-
AiBHULTBA HOBUX 6nokis AEC YkpdiHu

Exonoriuna 6e3neka 2, 70 — 73 (2012)

C.1. Azapos, B.JI. CumopeHko

ExkOHOMIUHG OLiHKa BiABEPHEHOrO eKOSIOMiUHOrO pU-
3uKy (couianbHOro 36UTKy) AN HaceneHHs, Wo Npo-
XMBAE HA TeXHOTEeHHO Hebe3neyHnx TepuTopinx
Exouoriuni Hayku 3, 69 — 73 (2012)

C.1. Azapos, O.B. Pynenxko, B.JI. Cunopenko,

C.A. €peMeHKO

PapiauiiHuid pusuk Ang HaceneHHs BiA, NOXex B Mi-
cax, 3a6pyaHeHUX YOpHOBUNbCLKUMU padioHyKniaa-
MU

Exonoriuna 6e3neka i npupomokopuctyBanas 9, 19
—25(2012)

C.1. Azapos, 10.B. JIutsunos, B.JI. Cumopenko
ExonoriyHa 6e3neka Ak cKkaAoBa HaUioHaNbHOI 6e3-
neku YkpaiHu

30ipHuK HaykoBuX mpaib “Bicauk KJY” 2/2012,
142 — 146 (2012)

IIIOPIYHUK - 2012

C.1. Azapos, 10.B. Jlutsunos, B.JI. Cugopenko
TTpo BUKOpUCTaHHS TepmiHy "EkonoriyHa 6e3nexa” B
YKpdiHi*

HayxoBo-nipaktnununii xxypran “Exomnoriuni Hayku”
2/2012 (2), 12 - 16 (2012)

B.B. Ps3anoB

CTOXACTUYECKU GHANOT NMepuoaa peakTopa - Bpems
DOCTUXeHUS 3aaHHOTO YPOBHS YUCIIOM HElATPOHOB
[Mpobnemu Ge3nekn aTOMHHUX €IEKTPOCTAHIIIH 1
Yopuaoobums 19, 11 — 19 (2012)

B.I. Kupumyxk, A.Il. Jlamko, T.M. Jlamko
AHOManiT B KoeilieHTax BHYTPilWHbOT KOHBEpCil
3aranbMOBAHUX POTALIIMHUX FAMMaA-Mepexoais
VYxpaincekuit pizuunnii xxypaan 57, 1097 — 10107
(2012)

B.JI. lemexun, B.B. UnskoBuy, B.H. bykanos
OueHka pasbpoca ¢psiFoeHCOoB HeATPOHOB Ha
o6pasLbI-cBUAeTeNU MeTanna kopnyca BBOP-1000
AOMNONHUTENbHOW NMPOTPAMMBI

SnepHa Ta panianiiina 6e3neka 2(54), 21 - 22 (2012)

C.I. Azapog, B.JI. Cunopenko, 10.B. JIutBuaoB
TTpobnemHi NUTaHHS 3aN06iraHHS He3aKOHHOTO No-
BOZXeHHS 3 paAaioaKTUBHUMU maTtepianamu B YKpdiHi
SInepHa Ta pamiariiina 6esmeka 2(54), 23 — 30
(2012)

A.IL Jlamko, T.M. Jlamko
EHeprii HU3bKONEXaUMX 36yaAxeHUX cTaHis 175Lu
SnepHa disuka Ta enepreruka 13, 7 — 10 (2012)

I0.T'. lllenkun, B.U. Ciucenko, E.A. I1aBieHko,
T.A. Koctrok

MccnenosaHue B3aMMOAeNCTBUA HEATPOHOB C Belle-
CTBOM MpU BbICOKOU NSIOTHOCTU B3AMMOAEUCTBUIA.
YacTb I. CeueHue B3aMMOACIACTBUA HEUTPOHOB C Be-
LLieCTBOM MpU BLICOKOU MSIOTHOCTU B3AUMOAEICTBUM
SnepHa ¢izuka Ta eHepreTuka 13, 22 — 27 (2012)

I0.T'. lllenkun, B.U. Cincenko, E.A. I1aBrenko,
T.A. Koctiok

MccnenosaHue B3aMmoaeicTems HelTpOHOB C Bellie-
CTBOM MpY BBICOKOW MNOTHOCTU B3GUMOACUCTBUMA.
YacTb II. CeyeHue B3aMMOACIACTBUS HEUTPOHOB C
BeLLeCTBOM MpU BbICOKOM MIOTHOCTU B3AUMOAEIACT-
BUIA

SnepHa ¢izuka Ta eHepreTuka 13, 28 — 38 (2012)

B.JI. Jemexun, B.B. NUnpkoBuy, B.H. bykanos
OueHka oWMbKM pe3ysIbTaTOB pac4eTos
PYHKLIMOHANOB HETPOHHOIO NOTOKA,
BO34elcTByHOLWero Ha kopnyc BB3P-1000
SAnepna dizuka ta enepreruka 13, 56 — 61 (2012)

B.A. ba6enko, B.1. I'ynuk, B.H. [TaBnoBuu

151


http://inspirehep.net/author/Aaij%2C%20R.?recid=1188164&ln=en
http://inspirehep.net/search?p=collaboration:%27LHCb%27&ln=en
http://inspirehep.net/record/1188164
http://inspirehep.net/record/1188164
http://inspirehep.net/record/1188164
http://inspirehep.net/record/1188164
http://inspirehep.net/record/1188164
http://inspirehep.net/record/1188164
http://inspirehep.net/record/1188164
http://inspirehep.net/record/1188164
http://inspirehep.net/record/1188164
http://inspirehep.net/record/1188164
http://inspirehep.net/record/1188164
http://inspirehep.net/record/1188164
http://inspirehep.net/record/1188164
http://inspirehep.net/record/1188164
http://inspirehep.net/author/Aaij%2C%20R.?recid=1188164&ln=en
http://inspirehep.net/search?p=collaboration:%27LHCb%27&ln=en
http://inspirehep.net/record/1107645
http://inspirehep.net/record/1107645
http://www.intechopen.com/books/show/title/theoretical-concepts-of-quantum-mechanics

OCHOBHI ITYBJIKAIIT

MogaenupoBaHue ABYX30HHBIX 3/1eKTpoaAepHBIX
cucTem
SAnepnast pusuka u sHEepreTuka 13, 266-275 (2012)

V.F. Razbudey

Neutron Spectra and Fluxes in Horizontal Channels
of Research Reactor WWR-M while Conversion on
Low-Enriched Fuel

SAnepHa ¢disuka Ta enepreruka 13, 316 — 321 (2012)

A.P. Lashko, T.N. Lashko

The internal conversion coefficient for the K-
forbidden E1-transition with the energy of 55 keV
in "7Hf

SAnepna ¢disuka ta enepreruka 13, 356 — 360 (2012)
I1.M. Bopona, B.®. Pa30yneit

Bu3HaYeHHa XOPCTKOCTI CMeKTpa aK NapameTpa HeiT-
POHHOrO nons B AOCNIAHULLKOMY peakTopi BBP-M
SnepHa (i3uka ta eHepreruka 13, 379 — 381 (2012)

V.V. Ryazanov

Superstatistics and Lifetime

American Journal of Mathematics and Statistics
2(3), 49-56 (2012)

V.V. Ryazanov

Nonegquilibrium Thermodynamics based on the
distributions containing lifetime as thermodynamic
parameter

Journal of thermodynamics (2012) Article ID
203203

V.V. Ryazanov

Nonegquilibrium Thermodynamics and Distributions
Time to achieve a Given Level of a Stochastic
Process for Energy of System

Journal of thermodynamics (2012), Article ID
318032

V.V. Ryazanov

Nonegquilibrium Statistical Operator for Systems of
Finite Size International

Journal of Theoretical and Mathematical Physics
(2012) DOI: 10.5923/j.ijtmp.20120201.01

O. Grytsenko, S. Pugach, V. Diemokhin, V.
Bukanov, M. Marek, S. Vandlik

Exposure Conditions of Reactor Internals of Rovno
VVER-440 Nuclear Power Plant Units 1 and 2
Journal of ASTM International 9(4), (2012)

Momnorpadis. LiMBinbHMI 3axucT.

C.I.Azapos, B.M. Annpienko, M.B.Anzpienko,
B.JI.Cunopenko, C.A.€pemenko, A.B.Ilpycbkuii;
MeToponoria KOMNNeKCHOro aHanisy U ouiHKKU Tex-
HOreHHO-eKooriYHOT Hebe3neku Bia NpoAyKTiB asa-
pii Ha cknaaax 6oenpunacis

3a 3aranbHo0 penakiiero C.1.Azapoga. - K.: Ykpai-
HCBhKa TeXHOJIOTiYHa rpyna, (2012) 241c.

152

PapiauiiHa @isuka Ta paaiauiiHe
MaTepianosHascTeo:

A.Il. JonrojeHko
DN1eKTPOHHbIE YPOBHU KOH(PUIYPALIMA AUBAKAHCUI B
KpeMHUU

Bormpocsr aroMmHoi#t Hayku u Texauku 5(81), 13 — 20
(2012)

.M. Bumiaeschkuit, O.B. Konopesa, [1.I'. JIutoBue-
HKo, M.b. TTinkoBceka, B.I1. Tapraunuk
MopentoBaHHs CTPYKTYPHUX NOLIKOAXEHb Y MOHO-
KpUcTanax gocgiay raniro

Homnogiai HAH Ykpaiau 3, 92 — 98 (2012)

A.Ya. Dzyublik, E.K. Sadykov, G.I. Petrov, V.V.
Arinin, F.G. Vagizov, V.Yu. Spivak

Massbauer forward scattering spectra of
ferromagnets in radio-frequency magnetic field
SAnepHa ¢i3uka ta enepreruka 13, 73 — 82 (2012)

A. Nigam, G. Schwabegger, M. Ullah, R. Ahmed,
L.I. Fishchuk, A. Kadashchuk, C. Simbrunner,

N. Sitter, M. Premaratne, and V. Rao

Strain induced anisotropic effect on electron mobil-
ity in C¢o based organic field effect transistors
Applied Physics Letters 101(8), 083305 (2012)

L.Yu. Goliney, V.I. Sugakov, L. Valkunas, G.V. Ver-
tsimakha

Effect of metal nanoparticles on energy spectra and
properties of peripheral light-haevesting LH2 com-
plexes from photosynthetic bacteria

Chemical Physics 404, 116 — 122 (2012)

II. Fishchuk, A. Kadashchuk, M. Ullah, H. Sitter,
N.S. Sariciftci and H. Béssler

Electric field dependence of charge-carrier hopping
transport at large carrier concentrations in disor-
dered organic solids: Meyer-Neldel and Gill energies
Journal of Physics: Conf. Series 376(1), 012011
(2012)

A.A. Chernyuk, V.I. Sugakov and V.V. Tomylko
Exciton phase fransition in semiconductor quantum

wells with disk-shaped electrode
J.Phys.: Condens. Matter 24, 195803 (2012)

A.Ya. Dzyublik, E.K. Sadykov, G.I. Petrov,
V.V. Arinin, F.G. Vagizov, V.Yu. Spivak
Transmission of Mdssbauer rays through
ferromagnets in radio-frequency magnetic field
Hyperfine interaction DOI 10.1007/s10751-012-
06332-5

IHCTUTYT AJIEPHUX AOCJIDKEHb HAH YKPAIHU



OCHOBHI ITYBJIKAIIIT

L.I. Fishchuk, A. Kadashchuk, Mujeeb Ullah, H. Sit-
ter, A. Pivrikas, J. Genoe, H. Béssler

Electric field dependence of charge-carrier hopping
transport within the random energy landscape in an
organic field effect transistor

Phys. Rev. B 86, 045207 (2012)

X. Li, A. Kadashchuk, I.I. Fishchuk, W.T.T. Smaal,
G. Gelinck, D.J. Broer, J. Genoe, P. Heremans and
H. Béssler

Electric Field Confinement Effect on Charge Trans-
port in Organic Field-Effect Transistors

Phys. Rev. Lett. 108, 066601/1 — 5 (2012)

O.1. Dmytruk, V.I. Sugakov

Movement and amplification of exciton condensed
phase pulses and interaction between pulses and
interaction between pulses in semiconductor quan-
tum wells

Phys. Lett. A 376, 2804 — 2807 (2012)

V. Mykhaylovskyy, V. Sugakov, G. Vertsimakha

Degradation of quantum dots under nuclear irradia-
tion and its influence on exciton spectra in semimag-
netic semiconductors

Phys. Status Solidi B, 1-7 (2012

$isuka nnasmu:

M. Khan, K. Schoepf, V. Goloborod’ko
Resonance and synergy effects on fast ion transport
in fokamaks

LAP LAMBERT Academic Publishing (2012-08-
29)

M.B. [1aBnos, B.b. Tapanos, I'.A. O1p

O606LeHHbIe TMAPOANHAMUYECKUE PeayKLIMU KUHe-
TUYECKOrO YPaBHEHWUs ANSi CONMUTOHHOrO rasa

Teopernueckas u Mmarematuyeckas usuka 85(2),
294 - 302 (2012)

T. Matsuoka, T.S. Rudenko, I. Funaki, K.P. Sham-
rai, T. Nakamura, H. Nishida, T. Tanikawa, T. Hada,
S. Shinohara

One dimensional modeling of radio frequency elec-
tric field penetration into magnetized plasmas
Japanese J. Appl. Phys. 51(9), 096201/1-9 (2012)

A.O. Moskvitin, V.O. Yavorskij, V.Ya. Golobo-
rod'ko, Yu.K. Moskvitina

First orbit losses of charged fusion products in
tokamak: flux calculation

IIIOPIYHUK - 2012

Journal of Kharkiv University, physical series
“Nuclei, Particles, Fields” 2/54/, 4 — 14 (2012)

M.Khan, K.Schoepf, V.Goloborod’ko, V.Yavorskij

Symplectic Simulation of Fast Alpha Particle Radial
Transport in Tokamaks in the Presence of TF
Ripples and Neoclassical Tearing Mode

Journal of Fusion Energy 31, 547 — 561 (2012)

Yu.K. Moskvitina, A.O. Moskvitin, O.A. Shyshkin,
V.0. Yavorskij, K. Schoepf

The Effect of Externally Applied Resonant Magnetic
Perturbations on Fusion Product Dynamics in Toroi-
dal Plasmas: Numerical Simulation

Journal of Fusion Energy 31, 1 — 7 (2012)

S.S. Medley, Ya.l. Kolesnichenko, Yu.V. Yakoven-
ko, R.E. Bell, A. Bortolon, N.A. Crocker, D.S. Dar-
row, A. Diallo, C.W. Domier, R.J. Fonck,

E.D. Fredrickson, S.P. Gerhardt,N.N. Gorelenkov,
G.J. Kramer, S. Kubota, B.P. LeBlanc, K.C. Lee,

E. Mazzucato, G.R. McKee, M. Podesta, Y. Ren,
A.L. Roquemore, D.R. Smith, D. Stutman, K. Tritz,
R.B. White

Investigation of a transient energetic charge ex-
change flux enhancement ('spike-on-tail’) observed
in neutral-beam-heated H-mode discharges in the
National Spherical Torus Experiment

Nucl. Fusion 52, 013014 (2012)

T. Motomura, S. Shinohara, T. Tanikawa

K.P. Shamrai

Characteristics of low-aspect ratio, large-diameter,
high-density helicon plasmas with variable axial
boundary conditions

Phys. Plasmas 19, 043504/1 — 12 (2012)

V.M. Lashkin, A.S. Desyatnikov, E.A. Ostrovskaya,
Yu.S. Kivshar

Azimuthal vortex clusters in Bose-Einstein conden-
sates

Phys. Rev. A. 85, 013620/1 — 6 (2012)

C.M. Muscatello, W.W. Heidbrink, Ya.l. Kolesni-
chenko, V.V. Lutsenko, M.A. van Zeeland ,
Yu.V. Yakovenko

Velocity-space studies of fast-ion transport at a
sawtooth crash in neutral-beam heated plasmas
Plasma Phys. Control. Fusion 54, 025006/1 — 13
(2012)

M.H. Tyshchenko, Yu.V. Yakovenko

Transformations of kinetic Alfven waves in toroidal
plasmas

153


http://rd.springer.com/search?facet-author=%22Yu.+K.+Moskvitina%22
http://rd.springer.com/search?facet-author=%22A.+O.+Moskvitin%22
http://rd.springer.com/search?facet-author=%22O.+A.+Shyshkin%22
http://rd.springer.com/search?facet-author=%22V.+O.+Yavorskij%22
http://rd.springer.com/search?facet-author=%22K.+Schoepf%22

OCHOBHI ITYBJIKAIIT

Plasma Phys. Control. Fusion 54, 065002/1 — 7
(2012)

O.P. Fesenyuk, Ya.l. Kolesnichenko, Yu.V. Yako-
venko

GAM frequency and the structure of Alfvén
continuum in toroidal plasmas with high ¢°p
Plasma Phys. Control. Fusion 54,085014/1 — 11
(2012)

Ya.l. Kolesnichenko, B.S. Lepiavko, V.V. Lutsenko,
Yu.V. Yakovenko

Equations for drift- Alfvén and drift-sound
eigenmodes in toroidal plasmas

Plasma Phys. Control. Fusion 54, 105001/1 — 11
(2012)

K.P. Shamrai and N.A. Beloshenko
Scaling laws for the helicon eigenmodes in a nonuni-
form plasma cylinder

Problems of Atomic Science and Technology. Ser.
Plasma Physics 18, No. 6, 102. — 104 (2012)

Papioexonoria Ta paaiobionoris:

O.JI. 3apy6Oun, B.A. Koctiok, A.A. 3anucckuii,ta iH.
[OuHamuka pacnipeseneHus *7Cs no opraHam u Tka-
HAM pbI6 Pa3HBIX 3KOSIOMMYECKUX rpynn BOAOEMA-

oxnaauTens
I'mapobuod. xxypH. 48(1), 109 — 115 (2012)

C.I. Azapos, B.JI. Cunopenko, B.1. [Tazamapuyk
3abe3neyeHHs XUTTEAIANBHOCTI HaCceNeHHa y cKknaa-
HUX pagioeKonoriYHMX yMmosax

30ipHUK HAYKOBHX IMpaLb [HCTUTYTy IepKaBHOTO
ynpasiiHHs y chepi nuBipHOTO 3axucty 1, 38 — 39
(2012)

B.A. Xenronoxckuii, M.B XXenroHoxckas,

H.B Kynnu

WUccnenosaHve paamvoHyKIMAHOMO COCTABA TOMJIUB-
HBIX YacTUL, OTO6PAHHLIX BHYTpU 4-ro 6noka YASC
Uzsectus PAH (cep. ¢us.) 76, 1231 — 1233 (2012)

O.J1. 3apy6in

Bmict *"Cs B opraHismi cyaaxa 3 Boaolimm-
oxonoaxyeada YAEC

Hanzsuuaiina curyanis 4(173), 37 — 40 (2012)

JL.K. Be3npo6Ha, JI.B. Tapacenko, T.B. lluranok,
C.1O. Heuaes, }0.0. Hocau, T.B. MenbHUK,
JL.I. [1IBaiiko

154

PesynbTatn UMTOreHeTUUHOro obcTexeHHs rpynm
NepcoHasny, SKUiA BUKOHye poboTu 3 byaiBHULTBA
Hoeoro 6e3neyHoro KoH@aimeHTy B 30Hi YAEC
[TpobGsemu paziaiifHOT MEIUITMHK Ta Paaiodioorii
17,127 - 135 (2012)

A.N. Jlunckas, M.B. XKenronoxckas, H.B. Kynuuy,
B.1. Hukonaes, A.A. I'pog3unckas

TToBeneHUe paanOHYKNUAOB B JIeCHBIX eKoCUCTe-
max, npunerarowmx k 30-Km 30HE HADC

TexuHorenna 6e3mexa 185(173), 59 — 66 (2012)

JL.B. Tapacenxo, T.B. [luranok

LiuToreHeTUUHI eqpekTU B NimgoumnTax nepegepiti-
HOT KpOBi MepCcoHana NiapsaaHUX MiANPUEMCTB
o6'ekTy "Ykputra"

Texnorenna 6esmeka 187(175), 62 — 67 (2012)

0O.J1. 3apy6un, B.A. Koctiok, M.A. Mariox,

A.A. 3anucckuit

HakonneHue *’Cs cyaaxkom (Lucioperca lucioperca
L)

SnepHa disuka Ta enepreTrka, 13, 175 — 181 (2012)

LIL. Apo3n, A.lL Jlunceka, JL.K. be3npo6Ha,

B.A. Illutrok, O.A. CoBa

HocniaxenHs kiHeTukm 'T B opranismi wypie 3a oa-
HOPA30BOrO HAAXOAXEHHA

SnepHa ¢izuka Ta eHepreTuka 13, 283-289 (2012)

T.I. Tyrait, A.B. Tyraii, M.B. XKenTonoxcrka,

JI.B. CagoBHIKOB

3aKOHOMIPHOCTI BNJIUBY HU3bKUX 03 ONPOMIHEHHs
Ha MiKpOCKORiYHi rpubu

SnepHa disuka Ta enepreruka 13, 396 — 402 (2012)

M.B. Kenronoxckas, H.B. Kynuu, A.W. Jlunckas,
B.1. Huxonaes, H.B. Ctpunpuyk

HoebIe meToanyeckue noaxonsl K ONHOBpeMeHHOMY
U3MepeHUo akTUBHOCTM *°Sr 1 ¥Cs B o6bekTax ok-
pyXarolen cpeabl

SnepHa ¢dizuka ta enepreruka 13, 403 — 407 (2012)

H.E. 3apyOuna

BrnaHWe konuyecTea 0CaAKOB U TemnepaTypebl BO3-
AyXa Ha HakonneHue *'Cs seIclwumm rpubamm
SnepHa ¢i3uka ta enepreruka 13, 408 — 412 (2012)

I.V. Khomich, Yu.N. Lobach, Yu.N. Nesteruk,
V.N. Shevel

Operational radiation protection at the Kiev’s re-
search reactor WWR-M

International Nuclear Safety Journal 1, 1 — 8 (2012)

IHCTUTYT AJIEPHUX AOCJIDKEHb HAH YKPAIHU



Honosiai Ha KoHgepeHUiax

SlnepHa @isuka

V.V. Kobychev
Double beta decay: Experimental status

6th Int. Workshop on DM & GRB, Yongpyong,
Korea, February 23 — 26, 2012

T.B. Obuxon

TTouck cynepuacTuy Ha konnaiaepe LHC nytem
NpUMEHeHUa KOMMbFOTEPHOrO CUMYJIMPOBAHUS

X KoHepennmn 1o Gpu3rke BEICOKUX SHEPTHH,
SICPHON (PU3HKE U YCKOPUTEISIM, XapbKOB, YKpau-
Ha, 27 ¢espains — 2 mapta 2012 r.

10.H. ITaBnenuko, B.JI. 111abnos, B.A. Kusa,
JLH. Jopomxo, O.K. I'opnunny, A.B. Crenaniok

Bo36yxnaeHue pe3oHaHcos *He B peakumu
SLi(d,a)*He
X KoHupepentnu o Gpu3nke BRICOKAX SHEPTHIA,
SIEpHON (PU3HKE U YCKOPUTEISAM, XapbKOB, YKpau-
Ha, 27 ¢espains — 2 mapta 2012 r.

10.H. ITaBneuxko, B.JI. 111abnos, B.A. KuBsa,

O.K. I'opnunany, JI.H. Hopomiko, A.B. Crenaniok,
N.A. Tripac

OcobeHHOCTU pacnaaa pe3oHaHcos **°He s
MHOTOUACTUYHBIX KaHanax peakumii d+°7Li

X KoHepeHnus no pu3MKe BEICOKUX IHEPTHIA,
SIICPHON (PU3HKE U YCKOPUTEISIM, XapbKOB, YKpau-
Ha, 27 deBpansg — 2 mapra 2012 .

IO.M. [TaBnenko, O.1. Pyngens, K.O. Tepeneupkuii,
B.I1. Bepounpkuii, L.I1. psnadenko,

B.B. Ocramiko, O.K. I'opnuang, JI.I. Catocapenko,
10.41. Kapnumies, E.M. Moxoxkyxin

MexaHi3mu niabap'epHOi B3GEMOAIT ACUTPOHIB 3
aapamm *#%*Nii, **sn 1a *®pb

X Kondepenmus mo ¢pusnke BEICOKAX SHEPTHH,
sepHON (DU3UKE U yCKOPUTENSIM, XapbKoB, YKpan-
Ha, 27 dheBpansg — 2 mapra 2012 T.

0.0. benrockuna, B.1. I'parnes, K.K. Kucypun,
C.E. Omenpuyk, HO.C. Po3niok, b.A. Pynenko,
B.C. Cemenos, JI.1. Carocapenko, b.I'. Ctpyxko

PacnpeneneHwe AelTpoOHOB B TpeX4YacTUUHLIX
peakumax pasgana B d+d cTONKHOBEHUAX

X KoHpepennus 1mo ¢pu3nKe BRICOKHX YHEPTHUH,
SIIEpHON (HU3UKE U YCKOPUTENIM, XapbKoB, YKpau-
Ha, 27 pespains — 2 mapta 2012 r.

L[OPIYHUK - 2012

0.10. Oxpimenko, B.M. Ilyra4, B.M. SlkoBenko
CucTema paaiauiiHoro MOHITOPUHIY BHYTPILUHbOTO
Tpekepa ekcnepumeHty LHCb

X xoH(pepeHis Mo (Hi3HIli BACOKUX SHEpTil,
aaepHii (izuii Ta npucKoproBayaM, XapKis,
VYkpaina, 27 motoro — 2 6epesns 2012 p.

V.M. Pugatch et al.

Metal Micro-detectors for Radiation therapy in-
strumentation

International Conference on Translational Research

in Radiation Oncology /Physics for Health in Eu-
rope. ICTR-PHE 2012. Geneva, March 2“d, 2012

T.B. Obuxon

TTouckun HosoM U3MKM Ha LHC nyTem npumeHeHuUs
KOHLIenLUun Npou3sBoaHoOMU Kkateropum
MesxnyHapoanast koHdepeHus “I'eoMmeTpus B

Opecce - 20127, Onecca, Ykpauna, 28 Mast — 1 utoHs
2012 .

0.0. Beliuskina, V.I. Grantsev, K K. Kisurin,

S.E. Omelchuk, Yu.S. Roznyuk, B.A. Rudenko,
V.S. Semenov, L.I. Slusarenko, B.G. Struzhko
Energy and angular distributions of deuterons in
reactionD+D —p+n+d

LXII International conference “NUCLEUS 20127,
Voronezh, Russia, June 25 — 30, 2012

V.A. Zheltonozhsky, A.M. Savrasov
Isomeric ratios for 23U and **'Am photofission
fragments

LXII international conference “Nucleus 2012, Vo-
ronezh, Russia, June 25 — 30, 2012

LN. Vyshnevsky, S.S. Drapey, V.A. Zheltonozhsky,
A .M. Savrasov

Penetration effects in the E1 and E2 hindered tran-
sitions in the Sn nuclei

LXII international conference “Nucleus 2012, Vo-
ronezh, Russia, June 25 — 30, 2012

LN. Vyshnevsky, V.A. Zheltonozhsky, A.M. Savra-
sov

Isomeric cross-sections ratios for 120m,gSb in
(p.n)-reaction for nearthreshold region

LXII international conference “Nucleus 2012, Vo-
ronezh, Russia, June 25 — 30, 2012

V.I. Abrosimov, D.M. Brink, A. Dellafiore, F. Mate-
ra

155



JOIIOBIAI HA KOH®EPEHIIAX

Self-consistent pairing interaction and collective
motion in nuclei: A semiclassical approach

International Conference “Nuclear Structure and
Related Topics”, Dubna, Russia, July 2 — 7, 2012

F.A. Ivanyuk
The Deformation Energy and Fission Barriers of
Heavy Nuclei

International Conference “Nuclear Structure and
Related Topics”, Dubna, Russia, July 2 — 7, 2012

D.M. Chernyak et al.

Cryogenic zinc molybdate scintillation bolometers to
search for neutrinoless double beta decay of 100Mo
11th CNS Int. Summer School, Center for Nuclear

Study, Wako, Saitama, Japan, August 29 — Septem-
ber 4, 2012

A.S. Nikolaiko et al.
Development of CdWO, crystal scintillators from
enriched isotopes for 2p3-decay experiments

Int. Conf. on Oxide Mat. for Electronic Engineering
OMEE-2012, Lviv, Ukraine, September 3 — 7, 2012

D.M. Chernyak et al.
Cryogenic ZnMoOj scintillation bolometers for high
sensitivity search for neutrinoless 2B decay of '°°Mo

V Int. Pontecorvo Neutrino Physics School, Alushta,
Ukraine, September 6 — 16, 2012

D.V. Poda et al.
CdWO, crystal scintillators from enriched isotopes
for double beta decay experiments

Int. Conf. on Luminescent Detectors and Transform-
ers of Ioniz. Radiation LUMDETR’2012, Halle,
Germany, September 10 — 14, 2012

N. Zhmak
Hadronic final states at HERA

ISMD2012, Kenbue, [lonbma, 16 — 21 BepecHs
2012 p.

J.P. Blocki, A.G Magner

Transport coefficients for a slow Fermi-particle
motion

19th Nuclear Physics Workshop "Maria and Pierre
Curie", Structure and Dynamics of Atomic Nuclei,
Kazimierz Dolny, Poland, September 26 — 30, 2012

F.A. Ivanyuk, K. Pomorski
On the Poincare instability of rotating nuclei

19th Nuclear Physics Workshop "Maria and Pierre
Curie", Structure and Dynamics of Atomic Nuclei,
Kazimierz Dolny, Poland, September 26 — 30, 2012

156

F.A. Danevich
Study of neutrino properties and weak interaction in
double beta decay experiments

Int. Conf. “Problems of Modern Physics”, Karazin
University, Kharkiv, Ukraine, October 26, 2012

®. JlaneBn4

CUMHTUNNATOPLI ANA NOUCKA 2p-pacnafa aTOMHBIX
anep

MesxayHnapoaHas koHhepennus "VHxeHepus CIIHH-
THJUBIITAOHHBIX MaTePUAIOB U PaIHaIlHOHHBIC TEX-
nonorun" - UCMAPT-2012, OUSIU, [Iy6na, Poc-
cus, 20 — 23 Hos10ps 2012 .

0O.Yu. Okhrimenko, V.M. Pugatch, V.M. Yakoven-
ko

LHCb Radiation Monitoring System performance in
the year 2012.

LHCDb Collaboration Meeting. CERN, Geneva, No-
vember 26, 2012

F.A. Ivanyuk

On the Scission Point Configuration of Fissioning
Nuclei

THEORY-2: Scientific Workshop on the Nuclear
Fission Dynamics and the Emission of Prompt Neu-
trons and Gamma Rays, Biarritz, France, November
28 — 30,2012

V.M. Pugatch
TimePix measuring interference in nuclear reactions
and restructuring in metals

MEDIPIX Collaboration Meeting. Geneva, CERN,
November 28, 2012

ATOMHa eHepreTuka:

0.0. Gritzay

An ICERR from potential Ukrainian users' perspec-
tive

TexHiuHa Hapasa 3 MUTaHb MOKIIMBOTO CTBOPECHHS
LIEHTPIB MEPEI0BOr0 JOCBIAY Ha 0a3i BUCOKO-
HOTOKOBHUX JOCIITHUI[BKMX PEAKTOPHUX YCTaHOBOK,
Opanuis, 9 — 12 kit 2012 p.

0.0. Gritzay

Ukrainian Nuclear Data Centre Progress Report,
2011/12.

Texnuiuna Hapaga MAI'ATE «The International
Network of Nuclear Reaction Data Centres
(NRDC)», INapux, @panuis, 16 — 20 xBiTHA
2012 p.

IHCTUTYT AJIEPHUX AOCJIDKEHb HAH YKPAIHU



JOIIOBIAI HA KOH®EPEHIIIAX

O. Gritzay, N. Otsuka, V. Semkova, S.P. Simakov,
V. Zerkin

EXFOR formats and rules: present status and pro-
posals how to store neutron source data.

Texniuna Hapaga MAI'ATE «The International
Network of Nuclear Reaction Data Centres
(NRDC)», Iapwxk, @panis, 16 — 20 ksitast 2012 p.

0.0. Gritzay

Education and training at the Kyiv research reactor
PerionanpHMIA ceMiHap 11010 OCBITHBOI Ta Tpe-
HYBaJIbHOT MPAKTHKH HA JOCTIIHUIBKUX pEeaKTopax,
[Ipara, Yexist, 3 — 7 gepsus 2012 p.

C.1. Azapos, 10.B. JIutBuHOB

MOHITOPUHT paAioaKTUBHUX NPOAYKTIB po3naay npu
noxexi B 06'ekti “"Ykpurra®

MixxHapoHi HaykoBi unTanHs “bimi Howi ” — 2012
“IIpobnemu 6e3mexr XXI CTOMITTS Ta MIIAXH X
BupimenHs, Kuis, 4 — 8 gepBus 2012 p.

V. Makarovskyi, V. Slisenko
The RRRFR Program Completion by KINR

Workshop on Russian Research Fuel Return Pro-
gram Lessons Learned, Tihany, Hungary, June 12 —
15,2012

B.JI. Cunopenko, C.1. Azapos, C.A. Epemenko
OcobeHHOCTU BO3AEUCTBUS NPOAYKTOB CrOpaHUa U
B3PLIBOB HA APTCKMNGAAX HA OKPYXatOLYHO cpeny
XXIV MexnyHapoHasi Hay4YHO-IIPAKTHYECKAsL
KOH(epeHLus 1o npodieMaM IMoKapHOH Oe3omac-
HocTH, banammxa, Poccus, 3 — 4 urons 2012 r.

C.C. Opaneit

Pe3ynbTati amepuKaHKO-YKpaiHCbKOro cniBpobiT-
HULTBA Y Cpepi Pi3UYHOro 3aXUcTy, 06Ky Ta KOH-
Tponto aAepHUX matepianis 3a 1997 - 2012 poku

53-s mixHapoaHa koHpepenmis INMM, Opranmo,
CHIA, 13 — 23 gumas 2012 p.

N.H. Bumnesckuii, B.W. Ciucenko

KoHeepcua BbIcokooboralleHHOro TonamMea uccne-
AOBATENbCKOro peakTopa B pamKax mexayHapoAHOU
UHULIMATUBSL.

HayuHo-TexHuueckuii cemnnap-coBelanue «Pa3pu-
THE aTOMHOU 3HepreTuku Poccuu u VKpaI/IHLf ¢ax-
TOpP YCTOMYUBOI'O MEKTOCYAaPCTBEHHOTO COTPY I~
HuuectBay, Coun, Poccus, 10 — 12 centsops 2012 .

C.1. Azapos, 10.B. Jlutsunos, B.JI. Cugopenko
ExonoriyHa 6e3neka sk CKNaAoBa HALOHANbHOT 6e3-
neku YkpdaiHu

2-i1 MikKHapOoJHHUH KOHTpecC “3aXrCT HaBKOJIHUIIHBO-

IIIOPIYHUK - 2012

ro cepenoBuina. EHeproomanaaicTs. 30aancoBane
pUpoAoKopucTyBaHH: ", JIEBIB, 19 — 22 BepecHs
2012 p.

C.1. Azapos, 10.B. Jlutsunos, B.JI. CugopeHko,
C.A. Epemenko

3acToCyBAHHA paaioXBUNbOBUX METOAIB KOHTPOIIHO
AnNs BUABNIEHHA NOXeXoHebe3neyHoro cTaHy nicis
II MixxHapoiHa HayKOBO-TIpaKTHYHA KOH(EPEHITis
“IToxxexHa Oe3reka: Teopis 1 mpakTuka”, Uepkacw,
12 sxoBTHs 2012 p.

C.1. Azapos, O.B. Azaposa, B.JI. CunopeHko,
O.A. I'ynoBuu

MonenupoeaHue NOXapoB U B3pLIBOB B YrOJIbHBIX
WAxTax U ux NocneacTsus

II Mi>xxHapoiHa HayKOBO-TIPAaKTHIHA KOH(GEPESHITis
“IToxkexHa Oe3reka: Teopis 1 mpakTuka”, Uepkacw,
12 sxoBtHs 2012 p.

0.0. Gritzay, A.K. Grymalo, V.A. Libman
S.P. Volkovetskyi

Development of Neutron Filter Technique for High
precision Nuclear Data Measurements

Texuiuna napaga MAI'ATE «Use of Neutron Beams
for High Precision Nuclear Data Measurementsy,
bynanemr, Yropmuna, 10 — 13 rpynusa 2012 p.

PapiauiviHa @isuka Ta paaiauiviHe
MaTepianosHasCTeo:

V.1. Sugakov
The peculiarities of formation of implanted atom
concentration beyond the ion range

Workshop “Nonliniar effects in Materials under
irradiation”, South Africa, Pretoria, February 12 —
17,2012

V. Revka, L. Chyrko, Yu. Chaikovsky, Yu. Gulchuk

Estimation of RPV material embrittlement for
Ukrainian NPP based on surveillance test data

Third International Conference on Nuclear Power
Plant Life Management Salt Lake City, Utah, United
States of America, 14 — 18 tpaBus 2012

Al [I31001uKk
BosbyxaeHue aaep nNpu 3MeKTPOHHBIX Nepexoaax

Poccuiicko-ykpaunckuii cemunap «IIpo0iemsr He-
CKOJIBKUX YaCTHUIl C CWJIHLHBIM U KYJIOHOBCKHUM B3au-
Mozeicrsuem», Kues, Ykpauna, 30 — 31 mas

2012 r.

A.Ya. Dzyublik, V.Yu. Spivak
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Mdéssbauer spectra of ferromagnets in radio-
frequency magnetic field
International Conference “Problem in Theoretical

Physics” dedicated to the 100™ anniversary of Alex-
ander Davydov, Kyiv, October 8 — 11, 2012

A.Ya. Dzyublik
Nuclear Excitation at Electron Transition
International Conference “Problem in Theoretical

Physics” dedicated to the 100" anniversary of Alex-
ander Davydov, Kyiv, October 8 — 11, 2012

V.I. Sugakov

Pecularities of exciton condensed phase manifesta-
tion in quantum wells.

International Conference “Problem in Theoretical
Physics” dedicated to the 100™ anniversary of Alex-
ander Davydov, Kyiv, October 8 — 11, 2012

JLI. Yupko, B.M. Perka, E. Maiitbopona,

O.B. Tpury6enko, }0.B. Yaitkoscekuii, I'.I1. I'pun-
4yeHKo, P.B. ®paHkos

OxpynumBaHWe OCHOBHOIO MeTassia Koprnyca
peakTopa 3Heprobnoka Ne2 3anopoxckount ASC

XX MixHapoaHa KoHpepeHIIis 3 (i3uKu pamiarii-
HUX SBUII Ta padiariifHoro MarepiajJo3HaBCTBA,
Kpum, Anymra, Yipaina, 10 — 15 Bepecus 2012 p.

B.M. bykanos, .M. Bumaescokuit, B.1. Cricernxko,
JLI. Ynpko

HaykoBuii cynposia aTOMHOI eHepreTUkm

X-uit Mixnaponuuit popym "[lanmBHO-eHepreTH-
HUI KOMIUIEKC YKpaiHU: CbOTOICHHS 1 MaitOyTHe"
35 pokiB aTOMHOI €HEPreTHKH YKpaiHH - TOCATHEH-
Hs 1 mepcnextuBu Kuis, 27 Bepecus 2012 p.

10.4. Memikos, C.A. Kotpeuxo, I'.I1. 3umuHna,

B.M. PeBka

CBa3b Mexay paAauaLMOHHO-UHAYLIUPOBAHHEIMW U3-
MEHEeHUSAMU MeXaHUYECKUX CBOUCTB KOPMYCHOMO
MeTana v BesIMYUNHON paauaLUoHHOrO pecypca Kop-
nyca peaktopa

MixHapo/IHa HayKOBO-TEXHIYHA KOH(EPEHITis
"KoHcTpyKITiiiHa MIITHICTE MaTepialiB i pecypc 00-
nagHanus AEC" (Pecypc-2012), Kuis, 2 — 5 ®OBTHS
2012 p.

B.M. PeBka, JI.I. Uupko, FO.B. YaitkoBchkmit
Bu3HayeHHs peqepeHcHOT Temnepatypu TO ans
martepianis kopnycie peaktopis BBEP-1000
HeonpoOMiHEHOMY CTaHi

MixHapoiHa HAyKOBO-TEXHIUHA KOH(EPEHIIis
"KoHcTpyKIiiiHa MilTHICTh MaTepialiB i pecypc 00-
nagaaaas AEC" (Pecypc-2012), Kuis, Ykpaina, 2 —
5 »xoBTHS 2012 p.
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B.M. PeBka, O.B. Tpuryoenxko, }0.B. UaiikoBChKHIA,
JLI. Yupko

Oco6nUBOCTI OKPUXUEHHS MeTany KopnycCy peakTopa
3AEC-2

MixxHapo1Ha HAYKOBO-TEXHIYHA KOH(EPEHLIis
"KoHcTpyKLiifHa MIHICTh MaTepiajiB 1 pecypc 00-
nagaaaas AEC" (Pecypc-2012), Kuis, 2 — 5 »KOBTHS
2012 p.

I.LE. Anokhin, M. Lerch, M. Petasecca, A. Rozen-
feld, O. Zinets

Response of Silicon Diodes for Synchrotron Radia-
tion

IEEE Nuclear Science Symposium and Medical

Imaging Conference, Anaheim, CA, USA, October
27 — November 3, 2012.

$isuka nnasmu:

A.T". Bopucenko

McTouHUK beckanesibHbIX Mia3smeHHBIX MOTOKOB AN
HAQHO3MEeKTPOHUKMU

13-9 MexayHapoHas HayuyHO-TIIpaKTHUYecKasi KOH-
¢epennus «CoBpeMeHHbIE HH(OPMAIIHOHHBIC U
3NEKTPOHHBIE TexHonoruu, Onecca, Ykpauna, 4 — 8
nrons 2012 r.

L. Litovko, A. Goncharov, A.N. Dobrovolskiy,
S.P. Dunets

The negatively charged particles focusing by posi-
tive space charge lens

39th EPS Conference on Plasma Physics, 2012,
Stokholm, Sweden, June 21 — 25, 2012

V. Yavorskij, V. Goloborod’ko, A. Moskvitin,

K. Schoepf

Fokker-Planck Model of spatial and velocity distri-
butions of collisional loss of fast ion in fokamaks
39th EPS Conference on Plasma Physics, Stock-
holm, Sweden, July 2 — 6, 2012

0O.A. Fedorovich, O. Kovalchuk, V. Pugatch,
O. Okhrimenko, D. Storozhyk, V. Kiva, M. Camp-
bell, X. Llopart, S. Pospisil, Y. Prezado, M. Renier

Metal micro-detectors: development of “transpar-
ent" position sensitive detector for beam diagnos-
tics

Alushta-2012 International Conference-School on
Plasma Physics and Controlled Fusion and The Ad-
joint Workshop “Nano- and micro-sized structures
in plasmas”, Alushta, Ukraine, September 17 — 22,
2012

IHCTUTYT AJIEPHUX AOCJIDKEHb HAH YKPAIHU
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O.A. Fedorovich

On the “enlightenment” nonideal, Hydrogen-oxygen
plasma at a concentration of Ne<3-10" cm™
Alushta-2012 International Conference-School on
Plasma Physics and Controlled Fusion and The Ad-
joint Workshop “Nano- and micro-sized structures
in plasmas”, Alushta, Ukraine, September 17 — 22,
2012

O.A. Fedorovich, L.M. Voitenko

On the influence of degree Hydrogen-oxygen non-
ideal plasma Factors in decay

Alushta-2012 International Conference-School on
Plasma Physics and Controlled Fusion and The Ad-
joint Workshop “Nano- and micro-sized structures

in plasmas”, Alushta, Ukraine, September 17 — 22,
2012

Ya.l. Kolesnichenko, Yu.V. Yakovenko, O.P. Fe-
senyuk

Geodesic acoustic mode and Alfven eigenmodes in
tokamaks with high ¢°p

Alushta-2012 International Conference-School on
Plasma Physics and Controlled Fusion and The Ad-
joint Workshop “Nano- and micro-sized structures
in plasmas”, Alushta, Ukraine, September 17 — 22,
2012

A.O. Moskvitin, V.O. Yavorskij, V.Ya. Golo-
borod'ko, Yu.K. Moskvitina, O.A. Shyshkin
Energy and pitch-angle distribution of the prompt
losses in tokamak with non-circular cross-section
Alushta-2012 International Conference-School on
Plasma Physics and Controlled Fusion and The Ad-
joint Workshop “Nano- and micro-sized structures
in plasmas”, Alushta, Ukraine, September 17 —22,
2012

Yu.K. Moskvitina, A.O. Moskvitin, O.A. Shyshkin,
V.0. Yavorskij, V.Ya. Goloborod'ko

Energy and particle fluxes in presence of rmp in
axissymetric 2D tokamak plasmas

Alushta-2012 International Conference-School on
Plasma Physics and Controlled Fusion and The Ad-
joint Workshop “Nano- and micro-sized structures

in plasmas”, Alushta, Ukraine, September 17 — 22,
2012

P.V. Porytskyy

On the influence of metal impurities on the trans-
port properties of multicomponent arc plasma
Alushta-2012 International Conference-School on
Plasma Physics and Controlled Fusion and The Ad-
joint Workshop “Nano- and micro-sized structures

IIIOPIYHUK - 2012

in plasmas”, Alushta, Ukraine, September 17 — 22,
2012

P.V. Porytskyy, P.D. Starchyk

On the influence of electrode erosion on the prop-
erties of nonideal plasma of underwater discharge
Alushta-2012 International Conference-School on
Plasma Physics and Controlled Fusion and The Ad-
joint Workshop “Nano- and micro-sized structures
in plasmas”, Alushta, Ukraine, September 17 —22,
2012

Yu.K. Moskvitina, A.O. Moskvitin, O.A. Shyshkin,
V. Yavorskij, K. Schoepf

Modelling of the effect of externally applied reso-
nant magnetic perturbations on a-particle dynamics
in fokamak plasmas

24th Fusion Energy Conference, San Diego, USA,
October 8 — 13, 2012

S.E. Sharapov, B. Alper, H.L. Berk, D.N. Borba,
B.N. Breizman, C.D. Challis, I.G.J. Classen,

E.M. Edlund, J. Eriksson, A. Fasoli,

E.D. Fredrickson, G.Y. Fu, M. Garcia-Munoz,

T. Gassner, K. Ghantous, V. Goloborodko,

N.N. Gorelenkov, M.P. Gryaznevich, S. Hacquin,
W.W. Heidbrink, C. Hellesen, V.G. Kiptily,

G.J. Kramer, P. Lauber, M.K. Lilley, M. Lisak,

F. Nabais, R. Nazikian, R. Nyqvist, M. Osakabe,
C. Perez von Thun, S.D. Pinches, M. Podesta,

M .Porkolab, K. Shinoharal, K. Schoepf, Y. Todo,
K. Toi, M.A. van Zeeland, 1. Voitsekhovich,

R.B. White, V. Yavorskij, ITPA EP TG, JET-EFDA
Contributors

Energetic Particle Instabilities in Fusion Plasmas

24th Fusion Energy Conference, San Diego, USA,
October 8 — 13, 2012

V.B. Taranov

Continuous symmetries and exact solutions o the
Vlasov-Maxwell plasma models

Int. Conf. “Problems of Theoretical Physics*, Kiev,
Ukraine, October 8 — 11, 2012

V. Yavorskij, T. Gassner, V. Goloborod’ko,
A. Polevoi, K. Schoepf, S.E. Sharapov

Impact of Fusion Alpha Driven Current on the Mag-
netic Configuration of a Tokamak

24th Fusion Energy Conference, San Diego, USA,
October 8 — 13, 2012

V.B. Taranov

Hydrodynamic reductions of the kinetic electron
plasma model and their symmetries
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8th Int. Conf. “Electronics and Applied Physics”,
Kyiv, Ukraine, October 24 — 27, 2012

0O.A. Fedorovich, L.M.Voitenko

About the influence of the parameters of dense
plasma on its decay coefficient at the electron con-
centration 107cmc Ne<10*cm™

HayuHo - xoopaunanmonsas ceccust PAH «Uccie-

JIOBaHHUS HeHAealbHOM I1a3Mbl», MockBa, Poccus,
4 -7, nexabps 2012 r.

Papioekonoria Ta paaiobionoris:

LIL [poza, M.IO. I'pumxyx

Hosuii meToaMYHUIA Niaxia A0 paaiauiMHOro 3aXUCTY
nepcoHany o6'eKTiB aTOMHOT eHepreTUKK Ta
NPOMMUCNOBOCTI

MixxkHapoIHa HAYKOBO-NIPAaKTHYHA KOH(EPEeHIis
“Omnpiiiceknii popym — 2012: crparerii Ykpainu B
TEOTOIITHIHOMY TIpocTopi”, M. CeBacTomons, 6 — 10
yepBHs 2012 p.

LIL. dpo3n, A.L Jlunceka, M.YO. I'pumkxyk
OnTuMisaLlis KOHTp3axoAis WOAO pafialiMHOro
3GXUCTY MepCoHasly Ta HacerneHHs y BUNAAKy 3a
NPOeKTHOI aBapii Ha ATOMHOMY PeaKTopi
MixkHapoIHa HAyKOBO-TIPAKTHIHA KOH(PEPEHITis
“OmnpBilicekuii popym — 2012: crparerii Ykpainu B
reomnoNiTHIHOMY TipocTopi”’, M. CeBactonons, 6 — 10
yepBHs 2012 p.

A.l. JIunceka, M.B. JKentonoxceka, B.1. Hikonaes,
H.B. Kymniy, O.0. Bypno

PapioekonoriuHi ymosu 30HU BiadyxeHHs YAEC Ta
iHKOopnopauis paaioHyknifiB y ApiGHUX rPUBYHIB i3
3a6pyAHeHUx 6ioTonis

MixkHapoIHa HAyKOBO-TIPAKTHIHA KOH(PEPEHITis
“OmnpBilicekuii popym — 2012: crparerii Ykpainu B
reomnoNiTHIHOMY TipocTopi”’, M. CeBactonons, 6 — 10
yepBHs 2012 p.

M.B. Kentonoxcxkas, H.B. Kynuu

MccnenosaHue KOHLIEHTPALIMKW PaaUOHYKUAOB B
obpasuax NouYsbl, 0TO6pAHHOM BHYTpU aBAPUUAHOTO
6noka YASC u B Nnoysax npunerawmx TeppuTopuUn
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MixHapoHa HAYKOBO-TIPAKTHIHA KOH(EPEHITist
“OmnspBilicekuii popyM — 2012: crparerii Ykpainu B
reoNOoNITHIHOMY TTpocTopi”, M. CeBacTonois, 6 — 10
yepsHs 2012 p.

A.L Jluniceka, O.0. Bypno, B.I. Hikonaes,

H.B. Kyniu

CNeKTpPOMETPUYHI Ta LUTOreHeTUYHI JOCHiAXEeHHS
MULLENOAIBHUX FPU3YHIB i3 padialiiHO3a6pyAHeHUX
TepuTopi

VIII MixxHapoiHa HayKOBO-TIpaKTUYHA KOH(MEpEH-
uist “Exonoriuna 6e3neka: mpoOiaeMu 1 IUISIXU BU-
pimenns” Anymra, Ykpaina, 10 — 14 BepecHs
2012 p.

M.B. Kenronoxckas, H.B. Kymna, A.W. Jlunckas

MccnenosaHue M30TONHOrO COCTABA FOPAYUX YACTUL,
u3 4-ro 6noka YASC

VIII MixkxHapoaHa HAyKOBO-TIPAaKTUYHA KOH(EpeH-
uist “Exonoriuna 6e3neka: mpoOiaeMu 1 IUISIXU BU-
pimenns” Anymra, Ykpaina, 10 — 14 BepecHs

2012 p.

B.B. Tpumun, O.B. laitnap

CTBOpeHHs 6a3u AaHUX ANA 90epHOT KPUMIHANICTUKU
8 YKpdiHi

Hapana O6 emnanoi po6ovoi rpymnu 3 ['mobanbHOT
IHIIATHBY MPOTHIII sIIEpHOMY Tepopu3My, Icmpa,
ITamis, 2 — 6 sxoBTHA 2012 p

L.K.Bezdrobna, L.V.Tarasenko, T.V.Tsyganok,
Yu.O.Nosach, S.Yu.Nechayev, L.I.Shvayko Cytoge-
netic indicators of workers involved in the new con-
finement building in zone of 4th block of ChNPP. —
11th LOWRAD International Conference on “The
Effects of Low and Very Low Doses of lonizing
Radiation on Human Health and Biotopes”, Lion,
France, December 17 — 18, 2012

O. Burdo, D. Vishnevskiy, A. Lypska

Results of cytogenetic studies of murine rodents of
the Chernobyl Exclusion Zone

11th LOWRAD International Conference on “The
Effects of Low and Very Low Doses of lonizing
Radiation on Human Health and Biotopes”, Lion,
France, December 17 — 18, 2012

IHCTUTYT AJIEPHUX AOCJIDKEHb HAH YKPAIHU



KoHpepeHUii, Hapaau, nposeaeHi IHCTUTYTOM NPOTArOM poKy

IV MixHapoaHa KOH@epeHUia «AKTyanbHi npobnemu aaepHoOi @isukm
Ta aTOMHOI eHepreTuku», 3 - 7 sepecHa 2012 p.

3 3 mo 7 Bepecus 2012 poky B M. Kuesi BinOyna-
cs IV MixnaponHa koH(pepeHIis «AKTyalbHi Ipo-
OsieMu siiepHOT (hi3MKM Ta aTOMHOI CHEPIeTUKN
(NPAE-Kyiv2012). Opranizatopu KoH(epeHIii —
Hamionanbna akanmemis Hayk Yxpainu, IHCTHTYT
saepHux gocmimkesb HAH Ykpainm y cniBpo0it-
HunTBl 3 KuiBchbkum HarioHamsHUM yHIBEPCUTETOM
imeni Tapaca IlleBuenka. OpranizaniiHuii Ta npo-
TpaMHUH KOMITETH OYOJIIOBAB IUPEKTOp [HCTUTYTY
snepaux gociimkenb HAH Ykpainu akanemik HAH
VYkpainu [.M. BuiineBcbKuii.

Kondepentisa Oyna nmpucBsueHa MHUPOKOMY KOy
MIMTaHb, OB’ S3aHUX 3 TPOOIEMaMH, MEPCIIEKTHBAMHU
Ta HOBITHIMH JOCSTHEHHSIMH B JOCIIIKEHHI KOJIEK-
TUBHHX TPOIECIB B ATOMHHX SIJIPax, SACPHUX peak-
il TPU HU3BKHUX Ta BHCOKUX EHEPTiAX, CTPYKTYpH
sqpa, PIIKICHUX SIIEPHUX IPOLECiB, HAYKOBUM J0-
CSATHEHHSM B Taily3i HEHTPOHHOI Ta peakTopHOi ¢i-
3WKH, OTPHMaHHI SICPHUX JAHUX JUIS HAYKH 1 TeX-
HIKH, aTOMHOi €HepreTHKH, PO3BUTKY €KCIIEPHMEH-
TaNbHAX YCTaHOBOK Ta JIETEKTOPHOI TEXHIKH, a Ta-
KO 3aCTOCYBAaHHIO SACPHO-(QI3HIHUX TEXHOJIOTIH B
MIPOMHUCIIOBOCTI, MEIUITMHI Ta PI3HUX Tady3sAX Hay-
KH, TEXHIKH 1 TPOMHCIIOBOCTI.

Posraspanvcs HayKoBi 1 TPaKTUYHI MATAHHS BH-
KOPHCTaHHSI aTOMHOI eHeprii, po3poOKu i 3acTocy-
BaHHS SACPHUX JETEKTOPIB Ta BUKOPHCTAHHS SAep-
HO-(DI3MYHUX YCTAHOBOK y HAyKOBHIX JIOCIIiIKEH-
HSX.

Kondepenuis orpuMana Mi>kHapoAHE BU3HAHHS 1
MpUBEpHYJIa YBary HayKOBIIB 1 (axiBLiB 3 OaraTbox
KpaiH cBiTy. B koHdepenuii B3sum yuacts 175 nene-
raris, B ToMy 4ucii 34 y4acHUKH 3 AJDKHPY, ABCT-
pii, bpaswuinii, Kanaau, Jligii, Himeuunnu, Hopgerii,
Iupii, Iranii, [onemii, Pymynii, CnoBauuunu, Crno-
BeHii, CIIIA, ®panmii, Snonii, a Takox 36 yyacHH-
ku 3 KpaiH konumHsoro CPCP. Ykpainy Ha koH(be-
peHtii npexacrarisid 105 mpoBigHUX BUYEHHX 3 iH-
crutytiB HAH VYkpainu, 3aknaziB BHIIOi OCBITH Ta
HAYKOBO-TEXHIYHHX YycTaHoB Kwuea, Opnecu, Yop-
Hobumst, CymM, Ykroponaa ta Xapkosa.

Ha 5 mnenapuux 3acigaHHsx KoH$epeHIi 0yio
BHTOJIONICHO 19 nomoBifel, BIPOJOBXK 5 AHIB Ipa-
LIOBAJIO 3 MmapalieNibHi CeKIlii, Ha sikux 0yJio 3poldiie-
HO 180 ycumx momosineii. IlpamroBano 2 cTeHmoBi
cekmii, Ha sSKuX Oyno mpezncraBieHo 44 HayKoBi
MOB1OMJICHHS.

[ToBHy iH(MDOpMAaITiIO TTPO KOH(MEPEHITIT0 PO3Mi-
meHo Ha BeO-cTopinti www.kinr.kiev.ua/NPAE-

ITOPIYHUK 2012

Kyiv2012/index.html Ta Ha BeO-caiiTi
www.npae2012.kiev.ua .

JlonoBini Ha MuIeHApHUX 3acifaHHAX

Shul'ga Nikolai. High energy wave packets in ra-
diation by ultrarelativistic electrons in matter

Toke Jan. Surface boiling - An obvious but like
no other decay mode of highly excited nuclei

Tang Xiaodong. How does the carbon fusion re-
action happen in stars?

Betak Emil. Possibilities of statistical pick-up
and knock-out in the pre-equilibrium (exciton
model) nuclear reactions for the cluster emission

Ring Peter. On the way to a microscopic deriva-
tion of nuclear energy density functionals

Gridnev Konstantin. Extreme neutron rich sector
of the nuclear chart: new horizons!

Lojewski Zdzislaw. Spontaneous fission of su-
perheavy nuclei in macroscopic-microscopic model

Torresi Domenico. Resonance scattering experi-
ments on thick gas target with the LNS radioactive
beams

Shlomo Shalom. Modern energy density func-
tional for properties of finite nuclei and nuclear mat-
ter

Karnaukhov Ivan. NSC KIPT neutron source
based on the sub-critical assembly driven by accel-
erator

Royer Guy. Generalized liquid drop model and
fission fusion alpha and cluster radioactivity and
superheavy nuclei

Cherubini Silvio. Indirect methods and new tech-
niques in nuclear astrophysics

Giuliani Andrea. Status and prospects of the
search for neutrinoless double beta decay

Bernabei Rita. DAMA/LIBRA results and the
perspectives of the second stage

Barabash Alexander. Double beta decay experi-
ments: beginning of a new era

Poenaru Dorin. Cluster radioactivity and alpha
decay of superheavy nuclei

Heinz Sophia. Superheavy element research at
the velocity filter ship

Sobiczewski Adam. Predictive power of nuclear-
mass models
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Jenkovszky Laszlo. Reggeometry of lepton- and
hadron-induced reactions

JonoBizi cniBpo0iTHUKIB iHCTUTYTY
Ha ceKUiliHNX 3aciTaHHAX

I.P. Dryapachenko, E.M. Mozhzhuhin, V.V. Os-
tashko,Yu.M. Pavlenko, O.I. Rundel, A.F. Sharov.
Comparison of digital methods for storage, sorting
and displaying of the spectrometric information

V.I. Zagrebaev, Yu.G. Teterev, V.I. Zhemenik
G.V. Myshinsky, S.V. Mitrofanov. 6He ion source
on the electron beam of MT-25 microtron

L.S.Martceniuk. Estimation of additional time of
passage by identical particles of the quantum hole in
view of exchange interaction of particles at move-
ment of them towards each other

D.V. Bondarenko, N.V. Golembovska, T.V. Ko-
valinska, T.K. Lebska, T.M. Maevska, E.G. Mih-
neva, V.I. Sakhno. Experimental researches of the
effectiveness of the usage of methods of applied
nuclear physics for food production

M.V. Romaniuk. Meson photoproduction an-
baryon resonances

V.M. Mokina, F.A. Danevich, V.V. Kobychev,
H. Kraus, V.B. Mikhailik, L.L. Nagornaya. Optimi-
zation of light collection from crystal scintillators
for cryogenic experiments

Yu.Sorokin. The silicon tracking system of the
cbm experiment: overview and development pro-
gress

A.P. Dolgolenko, L.S. Martceniuk. The superpo-
sition states in quantum systems radiation defects of
semiconductor monocristals

V.A. Plujko, O.M. Gorbachenko, E.P.Rovens-
kykh, V.A.Zheltonozhskii. E1 gamma-transitions in
hot atomic nuclei

O.M. Gorbachenko, V.A. Plujko, B.M. Bondar,
E.P. Rovenskykh, M.M. Zolko. Effect of collective
states on nuclear level density and nuclear reaction
observables

V.M. Kolomietz and S.V. Radionov. Non-
markovian diffusion over a potential barrier in the
presence of periodic time modulation

V.1. Abrosimov, D.M. Brink, and
F. Matera. Pairing collective excitations in nuclei: a
semiclassical approach the shape transitions in rotat-
ing nuclei

F.A. Ivanyuk, K. Pomorski and J. Bartel. The
shape transitions in rotating nuclei

V. Pugatch. Beauty and charm physics at the
large hadron collider

M.S. Borysova, Yu. Karpenko and Yu.M. Si-
nyukov. Influence of tubular initial conditions on
pion spectra in A + A collisions

V. Iakovenko on behalf of LHCb. Measurement
of B’s—®TI branching fraction in LHCb experiment

T.V. Obikhod Searching for physics beyond the
standard model at the LHC

V. lakovenko on behalf of LHCb. Rare b decays
at LHCb experiment

0.0. Gritzay, V.A. Libman, S.P. Volkovetskyi.
Based on manganese filtered neutron beam at the
Kyiv research reactor

0.0. Gritzay, A.K. Grymalo, V.V. Kolotyi,
V.A. Pshenychnyi, V.P. Shakhov, V.M. Venedyk-
tov. Determination of total neutron cross section of
CR-52 with using average energy shift method for
filtered neutron beam

0.0. Gritzay and M.M. Vakulenko. Development
of the code for filter calculation

V.M. Khotyayintsev, A.V. Aksenov, O.M. Kho-
tyayintseva, V.M. Pavlovich. Neutron flux oscilla-
tions in the travelling wave reactor

S.P. Volkovetskyi, O.0. Gritzay, V.A. Libman.
The averaged cross sections of natural carbon in the
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0O.M. Khotyayintseva, V.M. Pavlovich,

V.M. Khotyayintsev. The feedback to power effect
in the traveling wave reactor

V.0O. Babenko, V.I. Gulik and V.M. Pavlovych.
The optimal geometric characteristics of two-zone
subcritical systems for different fuel compositions

V.M. Pavlovych, A.I. Sanzhur and S.A. Storoz-
henko. Two-group approximation for the neutron
noise analysis.

S.Yu. Mezhevych, A.T. Rudchik, K. Rusek,
E.I. Koshchy, S. Kliczewski, V.M. Kyryanchuk,
A.A. Rudchik, S.B. Sakuta, R. Siudak, B. Czech,
J. Choinski, A. Szczurek. '’Be + "°N potential from
“C("'B, '"Be)"°N reaction analysis

A.T. Rudchik, V.Yu. Kanishchev, Val.M. Pirnak,
A.A. Rudchik, O.A. Ponkratenko, S. Kliczewski,
E.I. Koshchy, K. Rusek, V.A. Plujko, A.V. Mokh-
nach, J. Choinski, B. Czech, R. Siudak, A. Szczurek.
''B *Be optical potential from "Li(**C, ''B)*Be reac-
tion analysis

S. Yu. Mezhevych, A. T. Rudchik, K. Rusek,
E. I. Koshchy, S. Kliczewski, V. M. Kyryanchuk,
A.A. Rudchik, S.B. Sakuta, R. Siudak, B. Czech,
J. Choinski, A. Szczurek. "*C(''B, "Li)'*O reaction
mechanism
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ratenko, V.A. Plujko, A.P. Ilyin, J. Choinski, B.
Czech, R. Siudak, A. Szczurek, V.V. Uleshchenko.
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gach, D. Storozhyk. New features of the experimen-
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'2C(d,pn)'*C at 56 MeV in the diffraction approxi-
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V.M. Kolomietz, S.V. Lukyanov and A.l. San-
zhur. Curved and diffuse interface effects on the
nuclear surface tension
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S.N. Fedotkin. Atomic ionization at positron-
electron annihilation at B* - decay

V.V. Kobychev for the DarkSide. Collaboration
DarkSide program of direct dark matter searches

P. Belli, R. Bernabei, F. Cappella, R. Cerulli,
F.A. Danevich, S. d'Angelo, A. Incicchitti, G.P.
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0.G. Polischuk, A.P. Shcherban, D.A. Solopikhin,
J. Suhonen, V.I. Tretyak. Double beta processes in
%Ru and '“Ru

A.S. Barabash,P. Belli, R. Bernabei, F. Cap-
pella,V. Caracciolo, S. Castellano, D.M. Chernyak,
R. Cerulli, F.A. Danevich, E.N. Galashov, A. Incic-
chitti, V.V. Kobychev, S.I. Konovalov, M. Lauben-
stein, D.V. Poda, R.B. Podviyanuk, O.G. Polischuk,
V.N. Shlegel, V.I. Tretyak, V.I. Umatov, Ya.V. Va-
siliev. First results of the experiment to search for
double beta decay of ''°Cd with the help of enriched
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P. Belli, R. Bernabei, F. Cappella, R. Cerulli,
F.A. Danevich, S. d’Angelo, A. Incicchitti,
G.P. Kovtun, N.G. Kovtun, M. Laubenstein,
D.V. Poda, O.G. Polischuk, A.P. Shcherban,
D.A. Solopihin, V.I. Tretyak. First search for double
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V.L Kirischuk and M.V. Strilchuk. New observa-
tions for the triggering of '"*\;,Hf isomer embedded
in Ta matrix by 25 keV electrons

A.M. Dovbnya, S.S. Kandybei, V.1. Kirischuk
and Yu.M. Ranyuk. New observations for the trig-
gering of '"®\,HF isomer embedded in Ta matrix by
30 keV electrons

V.V.Kobychev on the behalf of AMoRE Col-
laboration. The AMoRE experiment for investiga-
tion of double beta decay of '*’Mo

X YkpaiHcbka KOH@epeHUis 3 06niky Ta KOHTpPONO aaepHOro marepiany,
10-14 sepecHsa 2012 p.

Hecsta mopiuHa ykpaiHchKa KoH(pepeHLis 3 00-
JKy Ta KOHTPOJIIO SACPHOTO MaTepiary MpOXoAuia
3 10 mo 14 Bepecusa 2012 p. B YuboBomy HeHTpi 3
¢$i3u4HOrO 3axHUCTy OOJIKY Ta KOHTPONIO SASPHHUX
MmatepianiB imeni J[xopmxka Kyspmuua IHCTHTYTY
anepHux nociimkenb HAH VYkpainm (M. Kwuis).
Kondepenuiss Oyna opranizoBaHa Ta MpoBeleHA
VY460BUM HEHTPOM 3 (Pi3UYHOTO 3aXUCTY OOJIIKY Ta
KOHTPOJIIO SIGPHUX MaTepiaiiB CHijbHO 3 MiHeHep-
ro CIIA ta OG’eqHaHUM IOCIIIHUIIBKUM IIEHTPOM
€sponeiicekoi  Kowmicii. IIporpama kondepenuii
OXOIUTIOBAJIa BC1 aKTyalbHI JUId YKpaiHU HaIlpsIMKU
B raiy3i oOJiKy Ta KOHTPOJIIO SACPHOTO MaTepiaiy.
VYyacTh y KoH(epeHIIii Jana MOXKIHBICTh CIeliaic-
TaM 3 OOJIKYy Ta KOHTPOJIO SIEPHOTO MaTepiary

ykpainceknx AEC, MOCHigTHHUIBKHX 1HCTUTYTIB,
JIepKaBHUX OPTaHiB Ta IHIIMX OpraHizamii, oOMiHA-
THCS TOCBIZIOM, OOTOBOPHUTH aKTyallbHI MUTAHHS, K1
XBUIIIOIOTH YCiX y4acHUKiB. [Hpopmariito mpo KoH-
(dhepeHIlito po3MiIIIeHo Ha BEO-CTOPIHII
http://www.mpca.kiev.ua/confer.htm

VYyacuukamu KoHdepeHuii Oyam 93 ocobu, mo
npeacTaBisud 9 kpain cBity, €Bpocoro3 Ta MAT'A-
TE. Ha xondepeHntii 0yino 3acinyxano 41 1omnosijs,
a came:

A.E. HoBukoB. AHamu3 HEKOTOPBIX AacIEKTOB
peanuzaiuy J{omoNMHUTENBHOTO MPOTOKOJIA

O.M. Omnwumenko. Ilpodeciiina migroropka Ta
mifBUIIEHHS KBajidikamii ¢axiBmiB 3 ¢i3udHOro
3aXHCTY SJICPHUAX MaTepiajiB
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B.1. boiiko, M.E.CunaeB. CoctosiHue U mep-
CHEKTHBBl Pa3BUTHA 00pa30BaTENbHBIX IMPOrPaMM
o YKu®3 B ToMCKOM NOJINTEXHUYECKOM YHHUBEP-
curTere

[.B. Bonnucrtos. CucreMa moAroTOBKU POCCHIA-
CKUX CIICLMAJIHCTOB B OOJACTH y4yeTa W KOHTPOJIS
sIepHbIX MaTepuanoB B YMI[YK

W.A IunexoBckuii, A.B. Kanma3zan. Iloaroroska
CHELUAINCTOB B 00MacTH (QU3MYECKOHN 3alUTHl Ha
6a3ze AHO «Cubupckuii MHCTUTYT MOBBIILICHUS KBa-
TUPUKAITIH

I.A. YepkammH, B.A. Kupusuenko. Co3znanue
JlabopaTopuu CUCTEMBI KOHTPOJIS U YIIPABICHUS JI0-
ctynoM 1npu CeBacTOMOIBCKOM —HAalMOHAIEHOM
YHHUBEPCUTETE SJICPHON SHEPrHU W MPOMBILIICHHO-
CTH

H.3. KpaBuenko. O630p pexomenaarmii MAT'A-
TD (Cepus uznanmii MAI'ATD no dQusudeckoit
snepHoii 6e3omacuoctu Nel5, 2011 r.) mo saepHOit
0€30IacCHOCTH SIIEPHBIX M IPYTUX PaJldOaKTHBHBIX
MaTepHaoB, BBILEANINX W3 IOJ PEryJIHPYIOUIEro
KOHTPOJIS

Marius Urvakis. Development
Protection Regulation in Lithuania

O.b. T'ypko. ®usnueckas 3ammra siIepHbIX 00b-
€KTOB B HOPMaTHBHO-TIPAaBOBBIX TPEOOBAHHUSX

JIJI. BomiBau. Ponp BHyTpimmHiX Bifickk MBC
Ykpainu B cuctemi (pi3udHOI sepHOI Oe3meKu aep-
KaBH

JILM. Canmii. O ponu 4enmoBedeckoro (GaxrTopa B
yrpaBieHuH (U3HUECKON AAePHON Oe30MMacHOCTHIO

Bukrop INamenko B3risia uHcniekTopa — 3amura
IIPOTHUB yIPO3bl BHYTPEHHETO HAPYLIUTEIs

E.N. Karyaun, M.B. bpomsarua. OcoOGeHHOCTH
BHEAPECHHUS u HPUMEHEHUS WH)KEHEPHO-
TEXHHUUYECKUX CPEICTB CUCTEMBI (PU3MUECKOM 3alu-
Thl IPU pEATM3aLUM IMPOEKTa MO0 MOAEPHU3ALNU
CHUCTEMBI (PU3NUECKOH 3aIUThI 00beKkTa "YKpHITHE"
JACITYADC

Klaus Luetzenkirchen. Nuclear safeguards and
forensics at ITU

C.[. Jlonatun. IlpuMeHeHne MHTErPUPOBAHHBIX
rapaHTuii B YKpauHe

Michael Browne. CHNPP safeguards lessons
learned and potential applications to Fukushima
Daiichi (1F) MPC&A issues

Fabian Rorif. Principles and Design of a State-
level Integrated Safeguards Approach: Implementa-
tion in Ukraine

Keiichiro Hori. Overview of mid- and long-
term roadmap towards the decommissioning and
the challenges of nuclear material management at
Fukushima Daiichi nuclear power station

W.P. XKeber. MoaepHuzanusi cucteMbl Qu3nye-
ckoit 3amuTel OI1 FOYADC. [Ipobnems! 1 pemeHus

of Physical
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B.A. Po3ym. [Tonxonpl 1 METOABI, UCHIOJIB30BAH-
HBIE TIPU CO3JAaHMU IPOEKTa PEKOHCTPYKLUHH KOM-
TUIEKCa MHXEHEPHO-TEXHUUYECKUX CPEICTB PEaKTop-
HOro otneneHus sHeproOioka Nel XMmenpbHHUIIKOH
ADC

A.A.JlocumbaeB. OpraHuzanus y4uera, KOHTPOJIS
n usnueckoit 3ammTel B MHCTHTYTE simepHON (u-
3uKkn AkajgeMuu Hayk PecnyOnuku Y30ekucTtan npu
OTIIpaBKE OTPaOOTaHHOTO SAEPHOTO TOIJIMBA B CTpa-
HY NPOUCXOXKICHUS

LA, Hepmrok, FO.I1. Conruc. ocsig BIT «Pis-
HeHcbka AEC» 3 mpuBeneHHs IisUIbHOCTI 3 3a0e31e-
4yeHHs (DI3MYHOTO 3aXMCTY Y BiamoBimHicTh no «Ilo-
PAAKY eKcruTyaTamii iH)KEeHEpHO-TEeXHIYHHX 3aco0iB
cucrteM (iI3UYHOTO 3aXUCTy SACPHUX YCTaHOBOK,
00’€KTIB, MPU3HAUCHUX JIJIS TOBO/DKCHHS 3 pajlioak-
TUBHUMHU BIJIXOJIaMH, IHITUMH JDKEpPEJIaMHU 10HI3YI0-
YOT0 BHITPOMIHIOBAHHS»

B.K. Kynunnu. HMcnomnp3oBaHue COBpEeMEHHBIX
TEXHUYECKUX CPEICTB B CHCTeMax (hU3NYECKOW 3a-
HIUTHI

C.II. Knimos, 0.B. Kanbko. Opranizaiis ta 3a-
Oe3rmeueHHs I1HCIEKUiHOI aisuibHOCTI MAIATE
1010 3aCTOCYBaHHS IHTETPOBaHMX TapaHTId B yMoO-
Bax BII 3AEC

M.A. Bomnkos, JI.JI. BoxiBau. BnpoBamxeHHS
KyJIbTYPH 3aXHUIIEHOCTI B MiIPO3[Tax BHYTPIIIHIX
Bilickk MBC VYkpaiHu 3 OXOpOHHU SOEpHUX YCTaHO-
BOK

E.B. Apcenuna. OmbIT IpOBEICHUSI OIICHKU CO-
CTOSIHMSI CHCTEMbI yueTa M KOHTPOJIS SIEPHBIX Ma-
TEpUaioB

' K. Emur6aeBa. I'ocymapcTBeHHass cHcTeMa
ydeTa U KOHTPOJIA sSACpPHBIX MaTepuaioB B Pecry0-
nmuke Kazaxcran

C.A. borpganoB. CoBepIIeHCTBOBAHUE CHUCTEMBI
YuK SIM B I'HII PO-OOU

M.A. XapuroHoBa. OIBIT peayn3aiy TpedoBa-
HUi JIONONMHUTETBEHOTO IPOTOKOI

B.1O. [lembsinenko, A.H. CaBuenko, T.E. Ky3ne-
nosa. lIpuMeHeHHE COBPEMEHHBIX TEXHHYECKUX
CPEACTB B cUCTeMaX (PU3UUECKON 3aIUTHI

N.B. OmenssnoB, C.M. bopumkesuy. Beinonne-
Hue rapantuii MAT'ATO na PuBnenckoit ADC

T. I'. Jlynanosa, B. H. Makaposckuii, B. U. Jlu-
ceHko. llpumeHeHue rapaHTuii, y4eT W KOHTPOJIb
SAM, ¢usnyeckas 3amuTa IpU BBHIBO3E BBICOKOOOO-
TallleHHOr0 OOIy4EeHHOTO SIIEPHOrO TOIUIMBA C HC-
cienoBarenbckoro peakropa BBP-M HMucrutyTa
anepHbix uccnenpoannit HAH Ykpannsl

K.B. Koncranrinosa. CTaH BHUKOHAHHS 3aBJaHb
MineneproByriuiss YKpaiHu 0ioAo 3ade3nedeHHs
(GYHKLIOHYBaHHS [JIepXKaBHOI CHUCTEMH OONIKYy Ta
KOHTPOJIIO SICPHUX MaTepialliB
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H.M. Knoc. BrockoHaneHHsS MOPSIIKY OEp>KaB-
HOoro (iHaHCyBaHHS (DI3MYHOTO 3aXUCTY SACPHHUX
YCTaHOBOK Ta SIIEPHUX MaTepiaiB

[A.B. Kytnuii, I'.B. 3uma, C.A. Banxa, B.A. Mu-
xaitsioB. OO0 OCHOBHBIX COCTABJISIFOIIUX CHUCTEMBI
M3MEPECHUI Ha YCTaHOBKE

B.H. [Imutpa. OOpamenue ¢ oTpabOTaBIINM
simepHbIM TorunBoM Ha FOYADC

A.B. Mensenes, C.A. Bamxa, H.B. Kyrtuuii,
®.B. benkun. MeToabl OLIGHKH aKTUBHOCTH H30TO-
MOB ypaHa MpHU TPAHCIOPTUPOBKE U yUETE MAJIbIX
KOJIMYECTB

I.A. 3axapwseBuy, FO.H. Kypsuiea, A.W. Illy-
MUxuHa. MoJenupoBaHue COKPAIICHHOTO Mporiecca
obpamenus ¢ PAO u OAT

Hapaaa yuacHukis uwinboeoi komnnekcHoi nporpamu HAH YkpaiHu «AcCTpo@isuuHi i
KOCMonoriyHi npobnemu NpuxosaHoOi macu i TeMHoi eHeprii Bcecsity (Kocmomik-
pogisuka-2)», 21-22 nuctonaaa 2012 p.

21-22 mucromama 2012 p. B IHCTHTYTI simepHUX
nociimkeds HAH Ykpainu Oyna npoBenena Hapaaa
YUYaCHHKIB 1IJTbOBOI KoMIUIekcHOi mporpamu HAH
Vkpainu «AcTpodi3udHi i KOCMOJOTIYHI MPOOIeMH
npruxoBaHoi Macu i TemHoi eHeprii Bcecsity (Koc-
MoMikpodizuka-2)». [Iporpama BHKOHyBamach 3
POKH YYEHUMH 3 Pi3HHUX IHCTHTYTIB 1 YHIBEPCHTETIB
VYkpainu. MeToro nporpamu OyjM acTpOHOMIYHI,
acTpodi3uyHi, 1a0OpaTOPHI IOCIIIPKEHHS TEMHOT
Matepii Ta TeMHoi eHeprii y BcecBiTi. Y Hapani npu-
WHAMM ydacTh 28 yYEHHX 3 TMPOBIIHUX HAYKOBHX
ycTaHoB YkpaiHu. Jlo ydacHUKIB Hapaiu i3 MpHBi-
TaHHSMU 3BEPHYJHUCS IUPEKTOp [HCTUTYTY siIepHUX
nociimkens akanemik HAH Ykpainu [.M. Buniaes-
cekuil, akageMmiku HAH VYxkpaiam, unenn I[Ipesunmii
HAH Vxpainu f.C. Sukis Ta B.M. JlokreB. I3 BcTy-
ITHUM CIIOBOM BUCTYIHB KEPiBHUK MPOTPaMH aKajie-
mik HAH Yxpainu B.M. llynera. Ha mapaxai Oymo
BHTOJIONICHO 12 yCHHX Ta MpeiCTaBiIeHo 14 cTeHmo-
Bux jgomoBifei. [loBHy iHdopmariito mpo Hapamxy
PO3MiIlleHO Ha BeO-CTOPIHIII
http://lpd.kinr.kiev.ua/kmf12/

JonoBii Ha NJIeHapHUX 3aciIaHHIX:

@.A. NaneBuu. JlocmimKkeHHs: HEUTPHHO 1 momIy-
KH TeMHO1 Matepii

B.O. Ilenmux. Orusin 9aCTHHA AOCIIKEHb 32 Te-
MO0, 1110 BUKOHyBajacek y IIIIIMM: rpymnoBa kia-
cu(ikariss Mojaenell aKCiOHHOI eJIeKTPOIUHAMIKH,
BIIKPUTTA Ta JOCTIIKEHHS YIbTPapeIsITHBICTCHKOT

CHiH-TpaBiTaliiiHOT B3aeMoJii; mpobieMu rpasiTa-
[iitHO1 eHeprii i CHiHOPHI oIS

10.B. IlltanoB. OcHOBHI HayKOBi pe3yibTaTH 3a
temoro "Kocmormoriuni i actpodizndni tectu ¢yH-
JlaMEHTAIBHOI (Di3UKH

B.C. IIgetrkoBa, B.M. Illynsra. Mcnons3oBanue
SBJICHUS! TPABUTALIMOHHOTO JHMH3UPOBAHMSA AJIS I1O-
MCKa TeMHOH Mmarepuu Bo BceneHHoi: nuToru pabot
10 Iporpamme

B.I. )KnanoB. TemHa matepisi, TeMHa €Hepris Ta
rpaBiTaliiiHi JiH3M: pe3yIbTaTH Ta MEPCHEKTHBU

O.I. XKyx. IIpobmeMHi acieKTH OaraTOBHUMIipHUX
MoJeNnen

M. Eitaropn. /lunamika BcecBiTy BcepenuHi KO-
MipKH OTHOPIAHOCTI

I.b. BaBunosa. BnactuBocti 6apioHHOT 1 Hebapi-
OHHO{1 MaTepii B raJlakTHKax 1 CKyITYCHHSX TaJaKTHK.
3Bit 32 2010-2012 p.

b.C. HoBocsanmuii. Ctan Ta TEPCIEKTUBH BCTa-
HOBJICHHS TIPUPOJM TEMHOI eHeprii Ha OCHOBI Ha3e-
MHHUX Ta KOCMIYHUX €KCIIEPUMEHTIB

II.LH. ®enopos, B.M. Illynera. Karamor XPM
KaK MHCTPYMEHT JUIS U3y4YeHHs KHHEMAaTHUKH Trajak-
THKH

B.I. I'matuk. Actpodizuka KOCMIYHUX TPOMEHIB:
KOocMoJIOTi4HU#H actiekT «KocMoMukpoduznka

B. KoGuues. I[Ipono3uuii cymyTHUKOBUX i mia3e-
MHHX €KCIEepHUMEHTIB B paMkax [Iporpamu xocmiu-
Hux nociimkenb HAH Ykpaiau

LopiuHa HaykoBa koHpepeHUuis I HAH YkpaiHu, 28 ciuHa - 1 nrotoro 2013 p.

3 MeToro MiAOUTTA MiICYMKiB HAYKOBOI Jisiib-
HocTi iHcTuTyTY 32 pik y [1J] HAH Ykpainu npo-
BoasThes Lllopiuni HaykoBi koH(epeHiii. Yepro-
Ba KoH(pepeHuis BixOynacs 28 ciuns — 1 moToro

2013 p. Ha xondepenuii Oynu npeacraBieHi oc-
HOBHI HaIlpsIMKH POOOTH iHCTUTYTY, a came:

1. Slnepna ¢izuka.

2. AToMHa eHepreTHKa.
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KOH®EPEHLIII, HAPAI

3. Pamianiiina ¢i3uka ta pamiamiiiHe MaTepia-
JIO3HABCTBO.

4.Teopiss TepMosiepHOTO CHHTE3y Ta (pi3uka
IUIa3MHU.

5. Pagioekouoris Ta pagioGiomnoris.

VY koH]epeHLii B35 TakoX ydyacTs (axiBii 3
IHIINX HAYKOBHX YCTaHOB YKpaiHu.

Bynn npoBeneni meHapHi 3aciiaHHA 3 OIJIs-
nmoBuMH JtonoBinsamu (30 XB.), Ta CEKIIiiHI mapa-
JIeTIbHI 3aCiJaHHs 3 OPUTIHAJIBHUMH ITOBiIOMIICH-
Hsamu (1015 xB.). Kpim Toro, 4acTuHy HayKOBHX
poOiT OyJi0O TpEACTAaBICHO HAa CTEHAOBIN CEKIIii.

[[OPIYHUK - 2012

[oBny iHdopmariro npo KoH(pEpEHIiIo po3Milie-
HO Ha BeO-CTOPiHLI
http://www kinr.kiev.ua/Annual_Conferences/KI
NR2013/

JomoBixi Ha MuIeHAPHUX 3acigaHHAX:

0.4. M3t06nuk. 30yDKEHHS sAep €JIEeKTpo-
wHuM nepexoaom (NEET).

LIL. Jdpo3a. XpoHiyHMI BIJIMB 10HI3yI0HOI pa-
Jiarii Ha CCaBIliB Ta JIO/IUHY.

JL.I. Yupko. Merano3HaBuuii CynpoBin cTany
MeTajly KOPIYCiB sIIEpHUX peakTopiB B YKpaiHi
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MIXHAPOOHE HAYKOBE TA HAYKOBO-TEXHIYHE CTTIBPOBITHWLITBO

Buoponosx 2012 poky IHCTHUTYT 3diHiCHIOBaB
npsMe chiBpoOiTHUITBO 3 11 3apyOiKHHUMHU HayKoO-
BUMH SJCPHUMHU LICHTPaMH Ta YCTAaHOBAMH, a Came:
Harmionansaum incTUTYTOM simiepHOi (izuku (INFN,
Itamist), Hamionaneaoto mabopatopiero I'pan Cacco
(Iramist), yniBepcuterom @mnopenmii (Itamis), Mi-
JAaHCHKUM YHiBepcuteToM (Itamis), a Takox 3 [HCTH-
TyToM smepHoi ¢izmkm iM. . HeBomHigaHCHKOTO
(M. KpakiB, [onbma), [HcTUTYTOM simepHUX IOCII-
moxeHb (M. Bapmaga, [lonsia), DESY (M. ['amOypr,
HimMeyunna) B pamkax MIDKHaApOJHOTO TIPOEKTY
HERA-B, CERN (M. Xenesa, I1Isetinapis) 3rigHo 3
MixkHapoaHow konabopauiero LHCb, GSI (M. Hdap-
miranr, Himeyunna), HarionanpHUM yHiBepcuTe-
toM M. Ceyna (IliBgerna Kopes), MinicTepcTBOM
enepretukn CLIA Ta HAyKOBHUMH LIEHTpaMH Ta iH-
cturytamu Pociiicekoi ®Deneparii.

B 2012 pomi mmpoka edekTnBHa MiXHApOIHA
JUSUTBHICTS TIPOBOJIMIIACKH Y BLUIUTL (DI3UKH JISHTOHIB.

B pamkax cmiBnpaui 3 rpynoro DAMA (yHiBep-
curetn Pumy ,Jla Camienna” i ,,Top Beprara” Ta
BiAMOBiMHI IM cekmii HarioHaIBHOTO 1HCTHUTYTY
saaepHoi ¢i3uku, Haumionansna nmabopatopis I'pan-
Cacco, Itamis; yuacts [1/] HAH Ykpainu BigoOpa-
JKeHa Ha cailti KkomaOoparii http://people.ro-
ma2.infn.it/~dama/web/ members.html) nmpoBoun-
¢Sl IOCIHIPKEHHS MOABIHHOrO Oera-po3many, pilkic-
HUX anb(da- Ta 6eTa-po3naiiB, MOMIYK TMOTETHIHIX
MPOIIECIB Ta YACTHHOK, BEJIACh PO3po0Ka HU3BKO(O-
HOBHX JIETEKTOPIB LTS JOCHIKSHHS PIIKICHUX si/ie-
PHUX pO3MaIiB.

B pamxkax xomabopartii BOREXINO (Itamis, Hi-
meuuuHa, CIIIA, ®pannis, [onsina, Pocis, Ykpai-
Ha: http://borex.Ings.infn.it/pbook/Borexino_Colla-
boration.php) BUMipIOBaIMCh MOTOKH HEUTPHUHO Bif
Conris, Big mpuckoptoBada B [IEPH, 3 mamp 3emui
(Tak 3BaHi T€OHEHTPHHO), HOCTIIKYBAINUChH PiAKICHI
simepHi Ta cy0’siaepHi mporecH (MOUIYyK COHSYHUX
aKCiOHIB, MopymeHHs npuHIUIy [layi, Tomo).

B pamkax mpoekty SuperNEMO (®panuis, Be-
nmuka bpuranis, CIIA, Pocis, Icmanis, Smonis, Ye-
xis, Oinngamisa, Yxpaina, Ilomema, CioBaduwmHa:
http://nemo.in2p3.fr/collaboration/) Bemacy miaro-
TOBKa BEJIMKOMACIITA0OHOTO €KCIIEPUMEHTY 3 MOLIy-
Ky Ge3HefTpHHHOrO MoABiiiHOrO GeTa-posmamy *-Se
3 YyTJIMBICTIO 10 MacH HelTpuHo Ha pieHi 0,05 — 0,1
eB. 3okpema, po3po0IeHO OETEKTOp ISl BUCOKOUY-
TJIMBOTO BHWBYEHHS pPaliOaKTUBHOI 3a0pyHTHEHOCTI
3pa3KiB CeJICHOBOI (DONBIM Ta  KAJTOPUMETp IS
Maii0yTHBOT'O EKCIIEPUMEHTY .

VY4eni Binainy ¢i3uku JeNTOHIB Opain ydacThb y
komabopartii AMoRE (Pecmy6irika Kopesi, Pocitics-
ka Denepanis, Ykpaina, Kuraiicbka Haponna Pec-

myomika 1 PexepatuBHa PecmyOmika Himeuuwnw,
BeO-caliT kosaboparii: http://q2c.snu.ac.kr/DBD/),
METOI0 fKOI € 3IiHCHEHHS BEIMKOMAaclITaOHOTO
EKCHEPUMEHTY 3 IOLIYKY Oe3HEHTPHUHHOIO IOJBIM-
HOTO Gera-posmany aapa '"’Mo 3a I0MOMOroK CIH-
HTWIALIAHUX KPUCTAIIB MOJIIOIATY KaJbIIit0.

Bimmin Gepe akTMBHY ywacTh y Komabopariii
EURECA (Bemuka bpuranis, Himeuunna, @pamniis,
LEPH, OIS[] [yona, Ykpaina, Icmanis). Haykosa
y4acTh BiAiny BimoOpaxkeHa Ha caiiTi Komaboparii:
http://www.eureca.ox.ac.uk/. CriBpoOITHHKH Bimi-
Jy BEAYTH PO3POOKY Ta JOCIIIKEHHS PsAy Iepcrie-
KTUBHHX HaNpsMKiB 3 METOI0 MOYJIMBOTO BUKOPHUC-
TaHHS B €KCIIEPUMEHTI CHUHTHIISAIINHIX KPUCTAIIB.

Byna nmpomosikeHna cmiBnparis 3 BigaiaeHHsIM Ha-
[IOHAILHOTO 1HCTUTYTY simepHoi ¢isukm Irami y
dropeHTtIii 3 JOCTiHKEHHS BIATYKY CHUHTHIISIIHHIX
JIETEKTOPIB BOJb(pamMaTy KaJMii0 10 10HIB Ta HHU3b-
KOCHEPTeTUYHHX EIEKTPOHIB.

TpuBae miigHa criBmpans CHiBpOOITHUKIB BijiIi-
ny (i3uku nenToHiB 3 LleHTpoM simepHOi CIeKTpo-
MeTpii Ta mMac-criekrpomeTpii (M. Opce, @paniis) 3
METOI0 PO3POOKHM Pali0OaKTUBHO YMCTHUX CLIMHTHIIS-
nidHuX 00JIOMETpiB MOMIOAATy MUHKY JJISi BHCOKO-
YYTJINBOTO EKCIIEPUMEHTY 3 IIOLIYKYy Oe3HeUTpHH-
HOTO MOJIBiiiHOro Gera-posmamy sapa Mo B pam-
kax npoekty LUMINEU.

BenyTthcss po3poOKu METOIIB BUMIPIOBAaHHS Ta
JOCTIDKEHHST HAJHU3bKUX PIBHIB Pajli0aKTUBHOIO
3a0pyHCHHS 130TOMHO 30arayeHWx MarepialliB Ta
JNETEKTOPIB [UIsl MOMIYKY MOJBIHHOTO OeTa-po3mamy
B pamkax mpoekty ISOTTA: http:/isotta.in2p3.fr/
(mpoext €Bponeiickkoi cTpykTypu ASPERA).

AKTHUBHO IPOJOBXYBaJIOCh MDKHApOJIHE CIiBPO-
OITHUIITBO Y Bimaim (pi3WKHM BUCOKHX €HEPTii.

Ha Bemmkomy anponHomy xonaigepi (LIEPH,
Kenepa) BuKkoHaHO (Pi3MUHI AOCITIMKEHHS 31TKHEHb
MPOTOHIB 3 TpoToHamMH mpu eHeprii 7 ta § TeB
(c..m) B excriepumenti LHCb.

Bnepme cnocrepexxeHo posnan  B-mesowis,
CKJIaJIeHuX i3 charm- Ta beauty-KBapKiB, 10 YOTHPH-
gacTUHKOBOMY KaHany (B, — JAy + 3m) 3 yTBOpeH-
HsM charm-Me30HYy Ta TphOX T-Me30HIB. Pe3yibraTu
BUMIpIOBaHb HAJald MOXJIMBICTH celeKuii cepex
YHUCIIEHHUX TEOPETUYHUX MOJIENIeH, Takol, 110 Hai-
OnvKUe BIATBOPIOE PE3yJIbTaTH €KCIIEPUMEHTY.

VY 2012 p. 32 JONOMOTOI0 CUCTEMHU paliallifHOro
Moritopurry (CPM), ctBopeHOi cmiBpoOiTHUKaMu
11T HAH VYxpaiau, mais BUKIIOUCHHS Hemepemda-
YEHOrO pafiallifHOrO YIIKOHKEHHS KPEMHI€BUX ce-
HCOpIB Ta MiKPOEJIEKTPOHIKH BHYTPIIIHEOTO TpeKe-
pa, a TaKOX JII MOHITOPHUHTY CBITUMOCTI €KCIIepH-
menty LHCb Oyna BumipsHa 103a, MOTJIMHYTa Kpe-
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MDKHAPOJIHE CIIIBPOBITHULTBO

MHI€EBUMH CEHCOpPaMU BHYTPIITHHOTO TpPEKepa eKC-
nepumenty LHCb.

B pamkax po3poOku eleMeHTiB AeTEKTOPHOI CHC-
temn ekcriepumenty CBM (FAIR, Jlapmmranr ) B
eKCTIepIMEHTax Ha TECTOBMX IydYKax Ta B Jabopa-
TOPHHUX AOCIHIKEHHAX BCTAHOBIEHO, IO IBOCTO-
POHHI KPEMHi€BI MIKPOCTDINOBI JETEKTOPU THUITY
CBMO04 3a cBOIMHM TEXHIYHHMH XapaKTCPHUCTUKAMH
(30KpeMa, pamiallifiHOI CTIMKICTIO) BIIIOBIIAIOThH
BUMOTaM TOOYyIOBM Ha IXHI OCHOBI KpEeMHi€BOl
TPEKOBO1 CUCTEMH.

CHijpHO 3 J1a0opaTOPI€r0 MIa3MOBUX TEXHOJIOT1H
PO3p0o0JIeHO Ta BUTOTOBJIEHO MEPIIi MOIYJi MiKpo-
CTpIITOBUX METAJIEBUX IETEKTOPIB i3 3MIHHHM KpO-
KOM (JI0 2 MK) CTpIIliB Ta BUKOHAHO MOCTaBKY Iep-
moi maptii getekTopis (5 wWT.) HA 3aMOBJIEHHS Qip-
mu DLS (DIAMOND LIGHT SOURCE, Benuka
Bpuranis).

B 2012 p. cmiBpoOiTHHMKM Biaminy Teopii siapa
MIPOBOJIMJIN CHLIBHI HAYKOBI mociimkeHHs 3 L{nkio-
TPOHHHM IHCTUTYTOM T€XachKOro YHIBEPCHTETY
(M. Konemk-Cretitien, Texac, CIIA), Hamionains-
HUM IHCTHTYTOM siepHOi ¢izuku (M. Diopenwis,
ITamisn), Oxchopacekum yHiBepcuTeToM (Bemmka
Bpuranist), Yuisepcuterom iM. M. Kiopi-Cxiomos-
cekoi (M. JIroOnin, [lonpma), yniBepcuteroM bop-
nmo-1 (M. bopmo, ®panmist), [HCTHTYTOM SIAEpHUX
mpobimem (M. Bapmasa, [lombima), MixkHapoaHum
areHTCTBOM 3 aTOMHOI eHeprii (M. Binenb, ABcTpis).

OtpumaHo KoedilieHTH iHepLii Ta SAESPHOrO Te-
PTS y KBa3iKIIACHYHOMY HAONWKEHHI AJIS MYJIBTH-
MOJIbHUAX KOJHMBaHb SAEPHOI MOBEPXHi, CTATUCTHYHI
pPO3MOiNM BificTaHEH MiX pPIBHAMH B TOTEHILiai
Bynca - Cakcona Ta xoedimieHTH siaepHOi eHeprii
CHMETpii; 3alporoHOBaHa PaHiIIe MOJEIh I OIH-
Cy peakuiil 3MUTTSA-NOALTY, y3arajlbHEHa MHUISIXOM
BpaxyBaHHS JOBUILHOI TTOYATKOBOI Opi€HTAIlli HaJIi-
TalO4YMX 10HIB; BU3HAUYeHa (opma Ta eHepris aedop-
Malii BaKKUX sifiep B3IOBXK JIiHIii MOIiNy; B €Heprii
nedopmarrii BpaxoBaHO KpaIUTMHHY Ta 00OJIOHKOBY
KOMITOHEHTH; B KBa3iCTaTHYHOMY HaOJMKEHHI pO3-
paxoBaHO BUXOIU (pparMeHTiB moAiny Ta IXHs KiHe-
TUYHA EHeprisl.

IIpotsirom 2012 p. ycHmHO MPOAOBKYBAJIOCH
CHIBPOOITHUIITBO BIUIUTY SACPHUX PEaAKIiid 3 PSIOM
HayKoOBHUX ycTaHoB Pocii.

B pamkax cniBpoOiTHunTBa 3 O0’€qHAHUM iH-
CTUTYTOM SJIEpHUX nociimkens (M. [yOwna, Pocis)
NPOBOJMIINCH JOCIHIIKEHHSI BJIACTHBOCTEH JIETKUX
HEUTPOHHO-HALIHMIIKOBUX SICp B pPEaklisx i3 BTO-
PUHHUMH ITyYKaMH.

V cniBmpari 3 kojekTuBoM JlabopaTopil saepHIX
peakuii im. I."M. ®avoposa (OIS, m. dyb6na, Po-
CisT) MPOMOBKYBAIKMCH CIIIBHI TOCIIMIKEHHSI CTPYK-
;rypn JNIETKUX pajioakTHBHHUX sjep, 30kpema ‘He Ta
Li.

[IOPIUHUK - 2012

YCminHo MPOIOBKYBAIOCH CIIBPOOITHHUIITBO 3
HAYKOBO-JIOCHIIHUM 1HCTUTYTOM siiepHOi (i3uku
MJY (M. Mocksa, Pocis), B pamkax sIKOTO i3 3aCTO-
CYBaHHAM CyNepMYJIbTHILIETHOI MOTEHIIIaTbHOT MO-
JIeNi B3a€MOJIiT HAWJIETIINX KIACTEPIB BUKOHYBABCS
aHami3 audepeHuianpHUX NepepisiB peakuii d +d,
d+°H.

BigaoBmiiock cHiBpoOITHHIITBO 3 IHCTHTYyTOM
aToMHOi eHepreTuku (M. OOHIHCBK, Pocist). ¥V pawm-
Kax IBOTO CHIBPOOITHUIITBA AOCIHIKYBaJIUCh BiIac-
THBOCTi HEi30JbOBAHOTO PO3MaLy PE3OHAHCIB ‘Be B
peakuii ''B(p,oa)a Ta ‘He i °Be B peaxuii
’Li(d, co))n IpH HE3BKMX €HEprisiX IMydKiB IPOTOHIB
1 AEUTPOHIB.

V Biggini ¢i3uku TBEpAOTO TiNa B paMKax MPOeK-
Ty Bic6i (Visby) (IlIBemist) «Nanoscale Architec-
tures for Bioanalytical Applications» po3paxoBaHO
nifcuieHHs noriauHaHHs cBitina LH2-xoMiuiekcamu
¢dorocuHTE3yIOUNX OaKkTepii B MPUCYTHOCTI HAaHO-
YaCTUHKHU 30JI0TA.

3a TOTOBOPOM TIPO CITIBPOOITHHUIITBO 3 YHIBEPCH-
tetoM M. Ocaka (SInoHist) MPOBEACHO MOICIIOBAHHS
MmetogoM Monre-Kapino ¢a3oBux mnepeTBOpeHb B
CUCTEMi HeCTaOlIbHUX YACTHHOK.

[IpomoBKyBaJIOCH CITIBPOOITHHIITBO 3 YHIBEPCH-
tertamu M. baep (Himeuunna) ta M. Jlinma (ABcTpis)
3 TEOPETUYHOTO JIOCIIPKEHHS! CTPHOKOBOI PYXITUBO-
CTI HOCIIB 3apsily Ta TPUIUIETHUX E€KCHTOHIB B He-
YIOPSKOBAHUX OPTaHIYHUX HAIliBIIPOBIHUKAX.

Bignin ¢isuku Baxkkux ioHiB y 2012 p. mpomos-
yBaB CHIBPOOITHUIITBO 3 POCIICHEKUM JOCTiTHUITH-
kuM  1neHtpoM «lHctutyt im. [.B. KypuaTtoBay
(M. MockBa), OO’emHaHUM IHCTUTYTOM SIEPHHUX
nmociimkens (M. Jlyona), [acTuryToM simepHOi (hizu-
ku im. I'. HeBogaiwaneckoro (M. KpakiB), Inctuty-
ToM saepHuX npobiem iM. A. Conrana (M. Bapia-
Ba), Jlaboparopiero BaXkmX 10HIB BapmaBcbkoro
yHiBepcuTeTy, 3 yHiBepcuteToM mraty dnopuma
(m. Tannmaxacci, CILIA) 3 mocmimKeHHs SIepHUX pe-
aKIl 3 BAXXKAMHU 10HAMHU.

Bimmin Teopii simepHOTO CHHTE3y 3MiMICHIOBAB
IUTIIHY MIKHApOIHY criBOpaiio 3 [HcTutyTOM Teo-
petnuHoi Qisuku yHiBepcutery M. IHCOpyk (ABcT-
pis) Ta KareMCbKUM MEHTPOM 3 TEPMOSACPHOTO CH-
Hresy, JET (Benuka bpuranis).

3a MuHyJHH pik Oyino po3pobJeHO aHATITHYHY
MOJIENIb Ta OTPUMAHO (DYHKIIIO PO3MOALTY MIBHIKUX
10HIB, [0 BTPAYAIOTHECS B TOKAMaKaX. 3 MOCHIAHHIM
Ha II0 MOZIeNb OyJI0O MPOBEACHO PO3PaxyHKH MpOC-
TOPOBO-EHEPTeTUYHHUX PO3MOJIUIIB IMOTOKY iOHIB Ha
MepIry CTiHKYy Tokamaka-peakropa JET (Bemmka
Bbpuranis).

CTBOpPEHO UHMCIOBI ANTOPUTMH Ul aHAJI3y
BItuBY MI'JI-HecTifikocTell Ha TIOBEMIHKY IIBUIKAX
10HIB B TOKaMaKax.

Po3pobieno Ta BOpOBaIKEHO UYWCIOBHH METO[
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po3paxyHKiB Koe(iIli€eHTiB pamianbHOl  Audy3ii
IIBHJKUX 10HIB B TOKaMakax MpW HasBHOCTI €JIEKT-
POMAarHiTHHX 30ypEHb.

Po3pobieHo Ta MpPOTECTOBAaHO YHCIIOBI TMAKETH
JUIsL aHaJI3y Ta iHTepIpeTanii pe3yabTaTiB BUMIpIO-
BaHb BTPaT LIBHIKMX 1OHIB Ha TOKaMali-peakTopi
JET. [nsa mpoBeneHHS MOJENIOBAHHSA TOBEIiHKU
IMIBUIKHUX 10HIB Ha Tokamari-peaktopi ITER B pam-
kax MixaapoaHoro npoekty EFDA ITM 0Oyno apan-
TOBaHO YHUCIIOBI MOJYJII PO3paxyHKIB JDKepena 10HiB
IIKeKIii Ta IXHI QYHKITT pO3MOMITy BiIIOBIIHO 10
MDKHApOIHUX BUMOT Tipoekty ITM.

CriBpoOITHUKH BiIAiNy Teopii miasMu MpOAOB-
XKyBalil nociimkeHHs mo mpoekty ‘“Helicon Elec-
trodeless Advanced Thruster”, skmii Mae Ha MeTI
PO3pOOKY HOBHX METOIIB NPUCKOPEHHS IUa3MH i
BUKOHY€ETHCSl CIUJIBHO 3 SIMOHCHKMMH KOJIETaMH 3
[HCTUTYTY KOCMIYHMX Ta aCTPOHAaBTHYHHUX HayK
(M. Kanarapa), TOKIHCBKOTO YHIBEPCHUTETY CUIbCh-
KOTro rocroaapcTBa i texHojoriii (M. Tokio), yHi-
Bepcutery Kromry (M. ®dykyoka) ta Tokaiicbkoro
yuiBepcutery (M. Kanarasa). B xozai mociimxens y
2012 poui 3ampoNOHOBAHO MEXaHi3M MPHCKOPEHHS
TeJiKOHHOI IUIa3MH HOHAEPOMOTOPHHMHU CUIJIaMH,
SKi TEHEPYIOTHCS CIEKTPOMArHiTHUMHE TIOJISIMH Ti0-
PUIHUX MOJ, YTBOPEHHUX 3B’S3aHUMH I'eJIiIKOHHUMH 1
KBa31€JIEKTPOCTATUYHUMH  XBWISAMH.  3HaWAEHO
CKEHIIHT JUIS TpOIlecy MPOHWKHEHHS 00epTOBOTO
€JIEKTPOCTATHYHOT'O TOJISl B TYCTY TUIa3My Ta OLliHe-
HO €(DEeKTHBHICTh HENiIHIHHUX MEXaHi3MiB 30y IKCH-
HSl TAKHM TIOJIEM CTalliOHapHUX €JIeKTPOHHHX CTPY-
MiB.

B 2012 p. rpynoto cniBpoOITHUKIB BiIAiIy Teopii
IIa3MHU Ta BiAAMy (i3WKH IIA3MH PO3IIOYATO [10-
CJiJKeHHA 3a ciTbHUM mpoektoM HAH Ykpainu ta
YHTL] “Po3pobka TexHonorii cTBOpeHHs (QyHKIIiO-
HQJIBHUX BYIJIELIEBUX HAHOCTPYKTYp Ha OCHOBI HO-
BITHHOTO TiOPHUIHOTO TEIIKOHHO-IYTOBOTO 10HHO-
IUIa3MOBOTO peakTopa”, sSIKHH BUKOHYETHCS Y CITiB-
npaui 3 rpynamu gociigaukis 3 IM® HAH Ykpainu
ta IHM HAH VYxkpaiau Ta BueHUMH 3 yHIBEpCUTETY
[Myaree (M. [lyatse, ®panuis), Kamipopwilicekoro
yHiBepcurety (M. Jloc Amxenec, CILIA), Incturyty
doronrnx Texmomoriit (M. Mewa, Himeuunna) Ta
yHiBepcuteTy 3aximHoi Bipmkunii (M. MopranarayH,
CLIA).

Bimnin mocnigaunbkoro peakropa BBP-M ycrmi-
ITHO TPOJOBXKYBaB CHiBpoOiTHHITBO 3 Harmionams-
HOIO ajMiHIcTpaliero saepHoi (izuuHol Oe3rneku
(MinicrepctBo enepretuku CIIIA), cnpsimoBaHe Ha
IIBUIIEHHS OE3MEeKN TOCHTITHUIBKUX PEaKTOpIB Ta
PO3pOOKH HOBUX THIIIB PEAKTOPIB.

Y Bigmini 3mificHIOBaBCS TpUHAOM  (axiBIiB i3
CHIA, MAT'ATE, sxi 3aiiHATi mpobieMaMu saepHOT
Oesmeku. Po3pobnena i y3romxeHa 3 [lepkaBHUM
KOMITETOM SIIEPHOTO peryjitoBaHHs YKpaiHu JOKY-

MEHTAIliI CTOCOBHO BHBO3Y BiIIPaIlbOBAaHOTO IaJH-
Ba g0 Pocii.

VY 2012 p. mmigHa MiXKHApPOJHA CITIBIIpAIsl MPo-
Boauiacs LIeHTpOM eKOJOriuHuX MpoOJieM aTOMHOT
CHEePreTHKH.

PazoMm 3 [HCTHUTYTOM TpaHCYypaHOBHX €IIEMEHTIB
(M. Kapncpye, Himeuunna) chopMyis0BaHO BUMOTH
IIO/I0 TEXHIYHUX XapaKTEPUCTHK Mac-CIIEKTPOMETpPa
W JOIMOMDKHOTO OOJIagHaHHS, HEOOX1QHOTO I IIO-
MIHOJICHOTO TOCHIKEHHS XapaKTEPUCTHK SACPHUX
Ta panioakTUBHUX MatepianiB. CkiajgeHo cneuudi-
Kallii Ha Mac-CIIEKTPOMETp 1 JONOMIXKHE O0JIaHaH-
Hs. Po3movaro migroroBuy poOoOTy IS akpeauTarii
MaiOyTHROI Mac-CIEKTPOMETPHIHOI aboparopii B
KOMIUIEKCI 3 paaioXiMiuHOIO J1abopaTopielo Ui
MIPUTOTYBaHHS 3Pa3KiB I Mac-CIIEKTPOMETPHYHOTO
anam3y. JloompampoBaHo cherudikamii Ha Mac-
CIEKTPOMETP Ta JOMOMIXHE OONaJHAHHS JJIsI MpPO-
BEZICHHS MIOBTOPHOTO TEHIEPA.

B pamkax MiXKperioHaJbHOTO MPOEKTY, B SIKOMY
KpiM Ykpainu 6epyTb yuacts Pocisi, Mongosa, ['py-
31, Kasaxcran ta Himeuunna, po3po0isitorses ede-
KTHBHI 3axoJIy OOpOThOM 3 HE3aKOHHUM IIepeMi-
IIEHHSAM PaTiOaKTUBHHUX Ta SACPHUX MaTepialiB B
VYkpaini. [Ipoekr Bkitouyae ocuamienns 15[ HAH
Ykpaian MoOUTEHOIO JTAOOpATOPI€r0 T XapaKTepH-
3armil SAepHUX MaTepiaiB i JPKepen 10HI3yIoUoro
BHUITPOMIHIOBaHHS Ha Micii iHnuaeHty. Ha 6a3i [51]]
HAH VYxkpainu nnaHyeTbcsi IPOBEACHHS TPEHIHTIB 1
ceMiHapiB IJs TIPEICTaBHUKIB Opradizaimiii i ycra-
HOB, NPUYETHHUX 10 MPOTHIIl HE3aKOHHOMY O0iry
panioakTUBHUX MaTepiajiiB K YKpaiHH, Tak i IHIIHX
kpain CHJI. 3 Meroro moriauOieHHS B3a€MOIii Ha
MDKXHApOIHOMY PIBHI IPOEKTOM TakKoX Tepemdada-
€ThCSI PO3pOOKa MpOoUEAYyp AOCTYIMy A0 0a3 JaHuX
€Bpocoro3y Ta Pocii 3 XxapakTepuCTHK SIEpPHUX Ma-
Tepialis, mporenyp oOMiHy 3pa3KaMH MiXK aHaJITH-
YHAMH EKCIIEPTHUMH JIa00paTOPisIMUA Ta CTBOPEHHS
CHTBHUX 0a3 JaHWX 3 XapaKTePUCTUK TPAHCIOPT-
HUX KOHTEHHEpIB 1 JKepen 10HI3YI0UOro BHIIPOMi-
HIOBaHHS.

AKTHBHA po0OTa MO PO3MIUPEHHIO Mi>KHAPOTHUX
3B’S3KIB TPOBOAWIIACH Y BIIAUT pamiobioyorii Ta
pamioexoiorii. Y kBiTHi 2012 poky Biamin BimBimana
JIeJIerallist SITOHChKUX BUCHUX, 10 TPHUOYJIa 3 METOIO
00OMiHY JOCBiJOM WIOAO BiJHOBJICHHS HaBKOIMIII-
HBOTO cepenoBuma y Mictax dykymmma (SmoHis)
ta YopHoOwmis (Ykpaina).

Y 2012 p. akTMBHO mHpalroBaB YKpaiHCHKUI
meHTp MiKHapOAHOI cucTeMHu simepHOi iHbopMarii
(INIS).

l'onoBHe 3aBAaHHs NEHTPY - BBEACHHs iH(opMa-
1ii Tpo POOOTH 3TiTHO 3 TEMATHIHUM OOCSTOM CHC-
temu INIS (MAT'ATE), mo Oynu BUKOHaHI B YKpa-
fni. [potsrom 2012 p. Oymno HazgicmaHo HaHi TPO
1238 Takux poOir. 3a 3amuramu HayKoBIB S]]
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HAH VYxkpaiau Ta iHImAX opraxizaiiii 3niiicaero 259
MOIIYKiB iH(pOpMaLii 3a 3aMOBJICHUMH TEMaMH 3
panioekonorii, pagioMOHITOPHHTY HaBKOJIHIIHBOTO
CepenoBuIa, Mirpallii pagioHyKIiIiB, pamdiamiitHoro
MaTepialo3HaBCTBa, PI3HUX aBapiiHUX CHTYyaIlil,
MOB’s13aHUX 3 SIIEPHUMH YCTaHOBKaMHu Ta iH. [Ipm
OMY BHKOPHCTOBYBAIIUCH METOJH MOIIYKY, PEKO-
meHmoBaHi MAT'ATE. BaxmuBoro AUTSIHKOIO po06o-
TH € HajgauHs iHdopmanii INIS HaykoBISIM THCTUTY-
Ty Ta IHIIUX OpraHi3alliii, a TaKoX aHam3 i€l iHpo-
pMarii. LleHTp OpaB akKTUBHY y4acTh y PO3IIOBCIO-
JDKEHHI HayKoBoi iHpopmalii B Ykpaini (IHCTUTYTH
HAH VYkpainu, yHiBepcUTeTH) Ta 1032 MEKaMH
VYkpainu (ABctpist, Kanana, bpaswmis, [anis Ta iH.).

VY 2012 p. mpomoBxyBallch HayKOBO-iHpoOpMa-
LiHI KOHTaKTH 3 (DI3UYHOIO CEKIEI BiJUIiIICHHS
¢izmunnx Ta ximiuanx Hayk (MAI'ATE). B pamkax
IBOTO CITIBPOOITHUIITBA YKPAiHCHKUI IIEHTpP sSAep-
HUX JaHuX pa3oM i3 CekIlier saepHux AaHux MA-
I'ATE BuKOHaB KOMMUIALII EKCIEPUMEHTAIHHIX
JMaHUX PO B3aEMOJIIO Sifep 3 HEUTpPOHAMH, 3apsi-
JUKEHHUMH YacTHHKaMH Ta (OTOHAMH, OTPUMAaHHUX
YKpaiHCHbKMMH BUEHHMH Ta OMYOJIIKOBaHUX B YKpai-
HCBKUX Ta 3aKOPJOHHUX HAYKOBUX JKypHaJlax i BH-
JAaHHAX, Ta pOOOTY IO TPEICTABICHHIO iX B opmaTi
EXFOR pans BKIIOYCHHS IO CBITOBOIO 0aHKY €KC-
nepuMmeHTanbHuX JaHux CSISRS. TlpoBoausnocs
PO3MOBCIOKEHHS MIXHApOAHUX 0a3 siIepHUX ma-
Hux CINDA, EXFOR B IX1J] HAH Vkpainu ta Ku-
iBcbKOMY HalliOHAJILHOMY YyHiBepcuTeTi imeHi Tapa-
ca [lleBueHka.

[MinTpumyBanucek peryisipi 38°s3ku 3 MAI'ATE
3 MOTOYHMX MHUTaHb. Jl0 IHCTUTYTy peryJspHO Npu-
3aunu excieptu MAT'ATE 3 Metoro mnpoBeneHHS
MMOTOYHOI 1HCHEKIii OCTITHUIIBKOTO peakTopa
BBP-M Ta mepeBipku craHy 30epekeHHs Biampa-
IIFOBAHOTO SAEPHOTO MAJIMBA Ta HaJaHHA iHpOpMa-
MIHHOT JOMOMOTH IOAO0 Oe3MeYHOoi eKCIuTyaTarlil
peakropa.

3a 2012 p. HaBuanepHUM LEHTPOM 3 (i3UYHOTO
3aXUCTy, OONIKY Ta KOHTPOIIIO SIEPHOTO MaTepiany
iM. k. Kyamuua po3poOieHo MpoeKTH ABOX HOP-
MaTHUBHO-TIPaBOBUX akTiB - «[lomoxxeHHS mpo nep-
JKaBHY cHUCTeMy TpOo(eciifHOI MiArOTOBKH, TepeITi-

[IOPIUHUK - 2012

TOTOBKM Ta WiABMIIEHHS KBajidikamii ¢axiBuiB 3
(bi3U4HOTO 3aXHCTY, OOJIKY Ta KOHTPOJIO SAEPHOTO
Mmarepiady» Ta «BuMoOru mopo OIiHKH CTaHy CHC-
TeM OO0JTIKY Ta KOHTPOJIO AJIEPHUX MaTepiajiBy.

Po3po0neHo HaBuanbHi MpOrpaMHu Ta HaBYaJbHI
MaTepiaiu KypciB 3 (Di3MYHOTO 3aXHUCTy 32 TAKUMHU
TEMaMHu:

YOpPaBIiHHS 1HKEHEPHO-TEXHIYHUMH 3aco0aMu
cucteMu (Hi3MYHOTO 3aXHCTY;

VIIPABIIHHS CHCTEMOIO (PI3UIHOTO 3aXHCTY;

npouenypu (i3HIHOTO 3aXHCTY.

HaBuanbHUM LIEHTPOM MPOBEICHO I'SITh KYPCiB
3 migBHIeHHs KBamidikamii ¢axiBiiB 3 (i3HYHOTO
3aXUCTy YKpaiHU, Ha AKUX TMPOUILIM HaBuaHHS 115
oci0.

3aBepIIeHo MiAroTOBKY Ta MPOBeACHO odiliiiHe
BIIKPUTTS HAaBYaJbHO-TPEHYBAJIBHOIO MalJaHYMKa
KOMIUIEKCY 1HXCHEPHO-TEXHIYHUX 3aCO0IB CHCTEMHU
¢iznuyHOrO 3axMCTy (BiOKpHUTTS BimOyiocs 10 Bepe-
cust 2012 p.). MaiigaHduK IIHPOKO 3aCTOCOBYETHCS
JUTSL IPOBEJICHHS MPAKTUYHUX HAaBYaHb 3 (i3MYHOIO
3aXHCTy Ta OINEPaTUBHO-TAKTUYHUX HaBYaHb IiJl-
PO3IiiB, 10 BXOAATH 10 CHJI pearyBaHHSI.

OkpiM CHiBpOOITHUIITBA 3 TPOBIAHAMH HAyKO-
BuMH neHtpamu €Bponu ta CIIA IS/ mpoBoauTs
CHIBIpALIO 3 HAYKOBUMH YCTaHOBAMHU KOJIMIIHBOTO
CPCP, a came:

Incrurytom simeproi dizuku (IAD) Pecrybmiku
V36ekucran;

IHcTuTyTOM atromMHoOi eHepreTrku (M. OGHIHCHK);

[51® PI'TI “HarionansHoro siiepHOro entpy Pe-
cny6Oniku Kazaxcran”;

O0’eHAaHUM IHCTUTYTOM SJIEPHHUX JOCIiIKEHBb
(M. ybHa);

IncTuryTom
(M. Mockaa).

IIpotsrom 2012 p. B S]] HAH Vxkpaiau Oyio
npuiiHATO 132 iHO3EMHUX BUEHUX Ta CIEIIANICTIB 13
CIIIA, Agctpii, Himeuunnu, Benukoi bpuranii, Ita-
nii, [ompmi, Smonii, bpaswiii, BkIOYaroun ywac-
HUKIB MIDKHApOAHOI KOH(epeHIlii, ceMiHapiB, Hapal.
3 HHUX, 53 0co0HU - YYaCHHKH MIKHApOIHHUX 3aXOiB,
o Oyim TIpoBezieHi Ha 0a3i iHCTUTYTY.

snepHux  jgochimkenr  PAH
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Ho 90-piuus 3 aHa HapoaxeHHa O. E. Himus

13 mrotoro 2012 p. BunoBaminocs 90 pokiB 3 THs
HapOJLKEHHS BiZIOMOTO BUYEHOTO B Taiy3i siiepHOI
(hi3uKH, 3aCIy)KEHOTO Jis9a HayKH 1 TeXHIKH YKpai-
HH, akagemika HAH Vkpaiawm, moktopa ¢i3uko-
MaTeMaTHYHHUX Hayk, npodecopa Onera denoposu-
ya Himrs.

O @. Himernts Hapomusest 13 mrotoro 1922 p. B
Kuegi. ¥ 1940 p. 3akiHUMB i3 BiI3HAKOIO CEPEIHIO
mkoxy Ne 38 1 BcrynuB 10 KuiBcbkoro mosiTexHiy-
HOro iHCTUTYTYy. Y 1943 p. moctynuB Ha 2-H Kypc
VYpanbcbkoro iHIyCTpiaJbHOTO I1HCTUTYTY, a 3
1944 p. BizHOBHUB HaBuaHHA B KuiBCchbKOMY moiTeXx-
HIYHOMY IHCTHUTYTI, KW 3aKiHYUB i3 BiJI3HAKOIO B
1947 p. 3a cHemiaNbHICTIO ‘“BUPOOHHUIITBO pajioana-
parypu”. I3 1947 mo 1949 p. npamoBas B [HcTUTYTI
OyniBenbHO1 Mexaniku AH YPCP Ha nocazni monon-
III0T0 HAYKOBOTO CITiBPOOITHHUKA.

VYBece TBopumii nuix Omnera denopoBuua
nmoB’si3aHuii 3 Axazemiero Hayk YPCP. V 1949 p.
BiH MMOYaB MPAIIOBATH Y BiAMUT (i3WYHOI €IeKTpo-
uiku lactutyty disukn AH YPCP. ¥V 1951 p. Bery-
muB A0 acmipantypu. Y 1954 p. Oner ®enopoBuy
3aXMCTUB KaHJUIATChKY IUCEPTALiIoO.

3 1954 p. O. ®. Himens 00iiiMaB mocaay BUYECHO-
ro ceKperaps, KepiBHUKa JIabopaTopii, 3acTymHHKa
mupektopa [Hctutyty disuku AH YPCP. Ha ocnosi
pe3yNbTaTiB, OTPUMaHWX Ha HUKIOTpoHI Y-120 B
CKCIIEPUMEHTaX IO JOCIIPKEHHIO B3aEMOJIl JCHT-
poniB 3 simpamu, O. @. Himenp y 1961 p. 3axuctus
JIOKTOPCHKY ANCEPTALilo.

OuomoBana HUM JabopaTopist SIEPHUX PeaKilii
nepepocia B 60-Ti pOKH MUHYJIOTO CTOJITTS Y BiJUIiT
SIIEPHUX PEeakIlid, MO0 CTaB OJHHUM i3 TPOBITHHUX
nigpo3aini IacTuTyTy dizuku, a 3romom (3 1970 p.)
Incruryty snepunx nocmimkens AH YPCP. VYce
KUTTS Ta HaykoBa nismbHiCTH O. @. HiMus TicHO
MOB’S3aHI 3 BIIIIIOM SACPHHUX PpEaKIii, SKUil BiH
ouoioBas 13 1965 no 2000 p. 3 2000 p. i xo ocTaH-
Hix nHiB xuTTd O. ®. HiMenp npaitoBaB Ha mocai
TOJIOBHOTO HAyKOBOTO CITIBpOOITHHKA ITHOTO BiMIIi-
Iy.

Y 1973 p. O. ®. HiMIiito IprcBOEHO 3BaHHS Yiie-
Ha-KopecnoHjaeHTa, a y 1978 p. - akanmemika AH
YPCP. 3 1974 p. mpotsirom 10 pokis Oner @enopo-
BUY 00iliMaB mocaxy AupeKkropa [HCTHTYTY siIepHUX
nocnimkens AH YPCP.

O. ®. Himenib € aBTOPOM Ta CITIBABTOPOM Oara-
ThOX BHHAx0iB Ta moHaa 500 HaykoBux mpamb. Ce-
pen HUX 4YOTHpPH MOHOTrpadii, TpW MiAPYYHUKH Ta
MOBITHUK 3 sAnAepHOi ¢i3uku. TBopumii m10poOOK

YUEHOTO OXOIUTIoE OaraTo (yHAaMEHTaIbHUX Ta
MPUKIIATHAX HANPSAMKIB sIIepHOI (Di3MKH, aTOMHOI
€HEPTreTHKH, OXOPOHH HAaBKOJMIIHBOTO CEPEHOBU-
ma.

Jo HnatiBaromimmx 3700yTkiB O. ®@. HimMus cmin
BIJHECTH CTBOPEHHS HAyKOBOI IIKOJNU 3 SIAEPHUX
peakuii, ska Hanidye 16 gokropis i 6mm3bko 40 Ka-
HJWJIATIB HAYK.

3nauny yBary O. ®. HiMernps npumiise 3MilHeH-
HIO MIXKHApOJIHUX 3B’s3KiB YKpPalHCHKOI HAYKH B 00-
nacti saepHoi (i3uKK Ta aTOMHOI eHepreTHkH. [Ipo-
TATOM 0araThbOX pPOKiB BiH OYOJIIOBAaB Jieierarfii BiJ
Ykpaincekoi PCP  ma  cecisx  MAT'ATE.
O. ©. Himeup OyB uiIeHOM HayKOBOi pajy 3 SAepHOI
¢izukn Akagemii Hayk CPCP Ta rojaoBoro HaykoBOi
paau 3 mpobiemu “Snepra dizuka” Axagemii Hayk
YPCP i HanionansHoi akaznemii Hayk Ykpainu.

HayxoBo-mocimigHa Ta mnemaroriyHa JisUTbHICTh
O. ®. Himog Big3HaueHa ABOMA OpACHAMH ‘“3HaK
[Homanu”, opnenom Ykpainu ‘“3a 3acayru” Il cry-
nenst, npemieto im. K. [I. CunensaukoBa AH YPCP
(1976 p.) Ta lepkaBHOIO IIpeMi€r0 YKpaiHu B Tairy3i
Hayku 1 TexHika (1999 p.). ¥ 2002 p. O. ®. Himirro
MIPUCBOEHO 3BAaHHA 3aCITy’KEHOTO Aisiua HAyKH 1 TeX-
Hiku YKpaiHu.

I'mnboka HaykoBa iHTYiLis, mpodeciitHa Maiicte-
PHICTB, KPUTHYHUN MiAXiA A0 poOOTH, UyHHE CTaB-
JICHHS JI0 JIIOJEH, KUBHH 1HTEpeC OO0 BCHOTO HOBOTO
B Haymi ctBopuin O. @. Himiro BUCOKHIT aBTOpHTET
cepell BITYM3HSIHHUX Ta 3aKOPAOHHUX YYeHUX. IM’s
O. ®. Himust BIzaHOBaHE Ha MEMOpPIiabHIl o B
IncruryTi snepaux nocnimkens HAH Ykpainu.
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Ho 100-pivus 3 aHa HapoaxeHHa M. B. TlaciuHuka

17 uepBus 2012 p. BunoBHuocs 100 pokiB 3 AHA
HapOUKEHHS BiZIOMOTO BUYEHOIO B raiy3i simepHOi
¢bizukn, akagemika HAH VYxkpainu, 3aciyxkeHOTro
Jisiua Haykd 1 TexHIKM YKpaiHw, Aoktopa (i3uko-
MaTeMaTHYHHX Hayk, npodecopa Murpodana Ba-
cuinboBuya Ilaciuynuka.

M. B. Ilaciunuk HapomuBcs 17 ueprHs 1912 p.
Ha [onTaBuuHi B ¢. XKupkiska HexBopomancbkoro
paiiony. Y 1929 p. 3akiHUMB TpPyAOBYy CEMUPIUHY
mkoiy. Toro » poky BcTynuB a0 IlonraBchkoro
THCTUTYTY HapOJHOI OCBITH, MiCJs 3aKIHYEHHS SIKOTO
OyB 3amumeHuii npu kadexapi ¢izuku. 3 1932 mo
1935 p. maBuaBcs B acmipantypi [HCcTUTYTY (izukm
BYAH VYPCP, a no 3akiHueHHI MpaIoBaB y OMY
IHCTUTYTi HayKOBUM cIHiBpoOiTHUKOM. [licisa mpu-
CcyIKeHHA oMy B 1938 p. BUEHOrO CTyIEHs KaHIu-
nata (i3.-MaT. HAyK OYOJIMB JabOpaTOPil0 I[HOrO
inctutyty. [Ipotsirom 1940 — 1941 pp. mpamroBas
MpOpeKTOopoM UepHiBEIbKOT0 YHIBEpCUTETY i 3aBi-
nyBadeM Kadeapu eKCIIepUMEHTAIBHOI (i3UKH.

3 nepuux aHiB Benukoi BiTun3usHol BiitHM 1 110
il 3akinueHHss Murtpodan BacunpoBud mepeOyBaB y
JaBax Airo4oi apMmii. BiH mpoiimoB moporamul BiffHH
Bin Kuesa no Bonru i 3akiHuuB 11 y BU3BOJICHOMY
Binni. Bin Haropomkenuii 00MOBUMHU OpACHAMHU Ta
MeansIMu.

1946 p. 3a inimiatuBoro 1.B. Kypuatoa M.B. Ila-
CIYHHUK BiJKIMKA€TbCA 3 apMii i HampaBIA€ThCA Ha
HaykoBy poboty mo lucruryry ¢isukm AH YPCP,
ne 10 1948 p. mpamroe cTapimM HAYKOBHM CITIBPO-
OiTHHKOM, a 3 1949 p. ovosroe BiAmin saepHOi ¢i3u-
KU 1 cTae qUpeKTopoM iHCTHTYTY (1950 - 1965 pp.).

M. B. IlaciyHuk — iHIIIaTOp CTBOPEHHS 1 mepIinit
nqupektop (1970 - 1973 pp.) InctutyTy saepHux mo-
ciimxens AH YPCP, ne no 1987 p. mpaiioBas 3aBi-
IyBadeM BinAimy simepHoi (izuku. B ocraHHI pokn
CBOTO JKUATTS OYB paJHUKOM IIPH AUPEKIii IHCTUTYTY.

[epmi HaykoBi npani Mutpodana BacunboBrua
IPUCBSYEHO BUBYEHHIO AN(PAKLii MBUIAKUX EJIEKT-
POHIB Ta eJeKTpOHOrpadivHOMY BHBUCHHIO CTPYK-
TypH TOHKHX LIapiB PEUOBHHHU.

VYcs nactynHa HaykoBa podota M. B. Ilaciunuka
Oyna 30cepemkeHa Ha IOCITIHKEHHSAX 3 SIACPHOI Ta
HelTpoHHOT (izuku. Hacigkom Horo K0CIHiHKEHDb Y
raiy3i HeHTpoHHOI (i3uku B 50-Ti POKH MHHYJIOTO
CTOJIITTA CTajla MOKTOpchbKa mucepraiis (1956 p.). Y
1958 p. fioro oOMPAIOTh HICHOM-KOPECHIOHICHTOM
AH VYPCP, a B 1961 p. — niifichum uneHom AH
YPCP. ¥V 1962 p. iiomy Oyi0 TPHUCBOEHO ITOYCCHE
3BaHHS “3aciyKEHOTo Aisya HAyKH YKpaiHu'.

M. B. Ilaciunuk OyB 3aCHOBHHKOM HayKOBOI
IIKOJTH 3 (PI3WKH MIBUJIKUX 1 MOBUTLHUX HEUTPOHIB.

[IOPIUHUK - 2012

Bucoxuii aBTOpHTET MIKOIM MPHU3BIB 0 OpraHizarlii
Ha 0a3i [/l AH YPCP nocriitnux xondepenuiit 3
HEUTPOHHOT (i3MKM U BCIX SOEpHHUX LEHTPIB KO-
mumasoro CPCP. Tlouynnarouu 3 1971 p. moctiitHUM
TOJIOBOIO OPTKOMITETYy TIMX KoH(pepeHin OyB
M. B. Ilaciynuk.

XapakTepHoro pucoro Mutpodana BacunboBuua
3aBkaAM OyJla IUJIECIIPSIMOBAHICTE WOTO OCHOBHOT
JISUTHOCTI HA PO3BHUTOK sepHOI (i3uKu B YKpaiHi,
nepeayciM Ha CTBOPEHHS €KCIIEpHMEHTaJIbHOI 0a3u
B Iiif Tamy3i. Psag poOiT octaHHIX pOKiB HOTO KHUTTS
MIpHUCBsUEHO IpobaemMamM Oe3reyHoi AepHOo] eHepre-
THUKH, PO3BUTKY KOHIEMLii MOAEPHi3alii TemIoOBUX
BOJO-BOJSHUX aToMHUX peaktopie BBEP-1000 Ta
po3pobmi ¢izmunHoi Teopii aBapii Ha UYETBEPTOMY
oot Yopuoounscbkoi AEC.

Uwumano 3poous M. B. [laciyauk yis 3MilTHEHHS
MDKHApOJHUX 3B’SI3KiB YKPAiHCHKOI S/IEPHOT HAYKH,
npencTarisoun Ykpainy Ha cecisix OOH, a notiM y
MATATE, ne TpuBamuii yac O4YOIIOBAaB Jjejerarii
HAILIOI KpalHU.

[lepy BueHOTO HaNEXUTH TpH MOHOTpadii 3 AIep-
Hoi ¢i3uky, Oinpme 250 mybmikaiiii 3 mUTaHp aep-
HOI Ta HEUTPOHHOI (Di3MKH, MUPHOTO BUKOPUCTAHHS
aTOMHO{ eHeprii. 3a 3acilyTd B PO3BHUTKY BITUH3HS-
HOI HAayKd BiH HAropo/UKEHUH TphOMa OpACHAMH
Tpynosoro Yepsonoro IIpamnopa, Iloyecaumu rpa-
motamu IIpe3unii Bepxosroi Pagu YPCP.

VY 1996 p. mimoB i3 XUTTA BHIOATHUH Yy4YeHUH,
MOJyM’sIHUH NaTpioT YKpaiHu, KU NPUCBSTHB BCE
CBOE XKUTTS CITYXXIHHIO CBOii baThKiBIIHHI.

Ceitna mam’siTh po Murtpodana Bacunrosuua,
SAKHI yciM CBOIM cepleM y0oIiBaB 3a IPECTHUX BiT-
YM3HAHOI HAyKM, Ha3aBXKAU 30€pekeTbcs B CepLisiX
THX, XTO HOTO 3HAB 1 IIPAIFOBAB Pa30M 3 HUM.
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Ho 70-piuus 3 aHa HapoaxeHHs B. M. Konomiviua

10 xoBtHs 2012 p. BunoBHUnock 70 pokiB 3 AHA
Hapo/DKEHHS  BimoMoro  (i3mka-TeopeTrka, 3a-
BiZyIOYOTO BiZJiIOM Teopii siapa IHCTHTYTY simep-
Hux gocnimkenb HAH Ykpainu, npodecopa, unen-
kopecrionienTa HAH VYkpainun Komowmiiins Boo-
nuMupa MuxaitinoBuya.

B. M. Konowmienp Hapoauscst 10 sxoBTHs 1942 p.
B cMT JltoGeu UepHiriBcrkoi obmacti. Y 1965 p. 3
BII3HAKOIO 3aKiHYMB GizumaHui (pakymbrer KuiBch-
KOTO jepkaBHoro yHiBepcutery im.. T.I'. IlleBuen-
ka. Y 1968 p. 3aBepmMB HaBYaHHS B acHipaHTypi
Incruryry disuxku AH YPCP. ¥V 1969 p. 3axuctus
KaHIUJATCHKY, a B 1979 p. — NOKTOPCHKY AmcepTa-
uiro. 3 1970 p. Bonoaumup Muxaitnosuy mparioe B
IacturyTi smepaux mocnimkens AH YPCP, ne o6i-
WMaB IMOCaJM CTapIIOTO HAYKOBOTO CIiBPOOITHHKA,
3aBigyBaua jiabopatopii, a B 1992 p. ouonuB Bimmia
Teopii sapa. Y 2006 p. B. M. Konowmiiins o6pano
qneHoM-kopecionaeaToM HAH Ykpainu 3a cnerria-
JBHICTIO «sifepHa (i3uKay.

OCHOBHMMHM HampsIMKaMH HayKOBOI MAisIIBHOCTI
B. M. Kosiomiiis € QOCIiIKEHHs MOBEIIHKA aTOM-
HHUX sAep TpH 3HAYHUX BHYTPINIHIX 30yIKCHHSX,
SIIEPHOTO TIOJILTY, aTOMHO-SAEPHUX IMPOLECIB, Mpo-
I[eCiB penakcallii Ta piBHAHHS CTaHy BaXKKHUX sep,
TEPMOAMHAMIYHHIX BIaCTUBOCTEH simep. Bomogmmmup
MuxaitnoBud 3poOUB 3HAYHUI BHECOK y PO3BUTOK
Teopii aTOMHOTO sA1pa, 30KpeMa Teopii KOJIEKTHBHO-
ro pyxy B snapax. Y poborax Bomomnmupa Muxaii-
JIOBWYa JIOBEACHO, IO Ha KOJEKTUBHUM PyX Yy Aapax
i opmyBaHHS TpaHCTIOPTHHUX KOE(DiLli€HTIB KOPCT-
KOCTI ¥ TepTA iCTOTHO BIUIMBa€E JAWHAMidHE 30ypeH-
Hs TioBepxHi Depmi.

B. M. KonoMiers po3poOHB T€OPir0 000I0HKOBOT
CTPYKTYpU B@KKUX fAIep 3 ypaxyBaHHIM e(eKTiB
HAJIUIMHHOCTI Ta IMMBHIKOTO 00EpTaHHS SAIep; yCTa-
HOBUB MOYIUBICTh iICHYBaHHS 32 BEJHUKHX KyTOBHX
MOMEHTIB f1pa TaK 3BaHHX ipacT-macTok (yrast-
traps), HOTPAIUIAIOYH 10 SIKUX SIPO MA€E aHOMAJIbHO
BEJIMKUI 4ac KUTTSI BIIHOCHO Y-PO3May.

Bonoxumup MuxaiinoBuy 3anpoIioHyBaB i AeTa-
JHHO OMHCAB y 0araTtboX MyOiKaIlisX MPUHITAIIOBO
HOBY MOJENb fA1pa sSK Kparut ¢epMi-piguau. Mo-
JIeNib BPaxOBY€ BIUIMB (PEPMIEBCHKOTO PyXy HYKIIO-
HiB Ha TPAHCHOPTHI XapaKTepUCTUKHU A1pa, & TAKOXK
3HAYHOIO MIpPOIO y3arajbHIOE H YTOYHIOE KJIACHYHY
KparenbpHy MOJIEIb SIpa.

[wupoko Bimomi mpani B. M. Konmowmiiinis 3 mo-
CIDKEHHS TIPOIIECiB penakcarlii Ta e(ekTiB B’s3-
KOCTI B sifiepHii Gepmi-pinuHi. BiH cTBOopHB Teopito
KUMIHHA AAepHOT PepMi-piiuHA, OCHOBHUM €JIEeMEH-

TOM SIKOi € JUHaMiKa pO3BUTKY Oynb0OamkoBoi He-
critfikocti. Bomomumup MuxainoBud yrepiie 3a-
NPONOHYBaB BUKOPUCTOBYBATU TaKy HECTIMKICTB SIK
IMOBIpHUH MeXaHI3M sIepHOi MyIbTH(parMeHTaIlii
NpH 3ITKHEHH] B&)KKUX 10HIB.

Bonogumup MwuxaidioBud — aBTOp 1 CITiIBaBTOP
moHaza 230 HayKOBUX MIpallb, Cepen SKUX 1B MOHO-
rpadii 3 Teopii CTpyKTypH aapa, QyHIaMeHTaTbHHAN
30ipHUK mpanp i3 Teopii KOJEKTHUBHOTO PyXy B sii-
pax (1990). Bin miaroryBas BiciM KaHIUAATIB HAYK,
a 3a mepioa HOTo 3aBimyBaHHS Yy BIIIUTI Teopii sapa
3axXHIIEHO I1'STh JTOKTOpChKUX auceprauiil. [lig ke-
piBaunreoM B. M. Komowmilinis akTHBHO TpaIrioe
BiJJOMa HayKOBa IIKOJIA.

[Mpotsrom Oarathox pokiB Bomogumup Muxaii-
JIOBMY YCHIIIHO 3JiHCHIOE HAYKOBE CIiBPOOITHHIIT-
BO 3 MPOBITHUMH SACPHUMH IIEHTPAMH CBITY, € ie-
HOM peJKoJIerii 6araTb0X HayKOBHX JKypHAJiB, IBOX
CHeLiaNni30BaHUX YYEHHX paj i3 3axXHCTy AuUcCepTa-
i, wieHoM Oropo Bimminenns smepHOi (i3uku Ta
eHepretuku HAH Ykpainu.

B. M. Kojnowmienp HaropomxeHui MiXHapOIHHU-
mu rpantamu @ourmy Copoca (CILIA), €Bponeiich-
koro ¢ouay INTAS, @onmy HiMenmpbKoro mOCIiTHA-
upKkoro ToBapuctsa (DFG). 3a nukn pobir i3 Teopii
SAIEpHOT0 KOJIEKTUBHOTO pyxy B 2011 p. fiomy Oyno
npucymkeHo npemito iMm. O. C. laBumoBa HAH
Ykpainu.

HaykoBa crminbHOTa, KOJIErH, Y4Hi i Apy3i mupo
BiTaloTh Bomomnvupa MuxaitnoBuda 3 IOBIJICEM,
0axaroTh HOMY MIIIHOTO 3I0POB’sI, TBOPUYOi HACHATH
Ta HOBUX YCHIXIiB y JIOCIIHHUIIBKIH mpaiii.
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