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VY Illopiuanky momaeTses iH(popMalis mpo GhyH-
JAMEHTaJIbHI, HAYKOBO-TEXHIUHI Ta MPUKJIAIHI pO-
00TH, 110 BUKOHYBIUCH B [HCTUTYTI simepHUX ma0-
crimkenb HAH Yxpainu B 2011 p. Jlo [lopiuauka
yBIMIUIM aHOTalii poOIT 3a HampsMKaMHu: siAepHa
¢izuka, aTOMHa eHepreTHka, pafiauiliHa ¢izuka Ta
pamiamiiiHe MaTepiaJlo3HaBCTBO, (i3MKa IUIa3MH,
PazioeKOIIOTIsI Ta Pamio0ioNoTis; HABOIUTHCS TIepe-
JK CTPYKTYpHHX MiIPO3MIiIiB iHCTUTYTY, CIHCOK
myOmikamiii 'y pedepoBaHHX JKypHANax, MEperiK
JIOTIOBiI€H CIIBPOOITHUKIB IHCTUTYTY Ha MIKHAPO-
HUX KOH(EpEHIsNX, HaTaeTbcs I1HGOpMAIlS PO
KoH(]epeHLii, HapaaWd, MPOBEAEHI IHCTUTYTOM Y
2011 p., mami mpo MiKHAPOIHE CIIBPOOITHUIITBO
THCTUTYTY.

JpyKyeTbcs 3a TOCTaHOBOIO BYEHOI Pl iIHCTUTYTY

Hupexrop X111 HAH Ykpainn
.M. BumneBcbkuii

Penakuilina koneris:
@.0. IBaniok (ronosa), C.M. @enoTKiH (3aCTyTHUK
ronosu), A.K. I'pumano, I'.B. Bepuimaxa, I1.B. Ilo-
punpkuit, LI1. dIpo3xa, O.J. I'puropenxko,
JIL.M.Tposin

Annual report contains information on the fun-
damental, scientific and applied investigations car-
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National Academy of Sciences of Ukraine in the
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ergy, radiation physics and radiation material sci-
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TTepeamora

[potsirom 2011 p. iHCTUTYT NPOAOBXKYBaB IO-
CIIIIPKEHHS 32 (PyHIaMEHTaJIbHUMU Ta IPUKIAJAHUMU
acreKTaM# sIIepHOi (i3UKH, aTOMHOI €HEpPreTHKH,
paniamiiiHoi ¢i3ukm Ta pagianiiHOro Marepiajo-
3HABCTBA, Pajio0ioIorii Ta paioeKoorii.

PoGotn B ramysi sgepHOi (i3ukd CTOCyBalUCS
JUHAMIKH TPOLECIB 3JMTTA-TIOJUTY BAXKKUX SJIED,
JOCIHIKyBaBcs PO3IONINT HYKJIOHIB B Aapax, Bijna-
JIeHUX BiJ JiHII OeTa-cTabinbHOCTI, oTpuMaHoO (op-
MYJy JIISI TIOJISIPU30BAHOTO EIEKTPHYHOTO JTUITOJIb-
HOTO MOMEHTY B CHJIbHO-Ie(OPMOBAHUX I3EpKalb-
HO-aCUMETPUYHHUX SApax, SIKa BKIIOYAE YICHH Iep-
IIOTO Ta JIPYToro MOpSAAKy Teopii 30ypeHb, BH3HA-
ueni cepenHi KyToBi mMomentH smep Rb, "’Sb,
3Te, 1 1 **Xe, yrBOpennx y pesymbrati dortosmi-
nenns > 'Np Ta **'Am raneMiBHMME y-KBaHTaMHu,
CIIOCTEPEKEHO anb(ha-po3naj; MPUPOIHOTO 130TOITY
mwiatiHn-190 Ha 30yDKEHHH pIBEHb JO0YipHBOTO
sapa 3 mepiofoM HamiBposmaxy 2.6 X 10" pokis Ta
iH.

B o60macti pamiamiiiHOi (Di3UKH  TOCIIHKEHO
BIUIMB METAJIEBUX HAHOYACTHHOK Ha ONTHYHI CIIEKT-
pu mepudepiiHUX CBITIO30MpAIOUNX KOMILIEKCIB
(hoTocuHTE3yIOUMX OaKTepiid, MoKa3aHO, M0 aTOMHU
130BaJIEHTHOI JOMIIIKK T€PMaHii0, KUCHIO Ta JHCIIO-
KalliiiHi MeTJI B KPEeMHIi € IIeHTpaMu aHIruismii Ba-
KaHCIH Ta MI’)KBY3JIOBHX aTOMiB, IOKa3aHO, 1110 MicCIs
OTIPOMiIHEHHS KPEMHII0 BUCOKOCHEPTCTHIHUMH TIPO-
TOHAMH CIIOCTEPIracThcsi 3MEHIICHHS TOKa3HUKA
3aJIOMJICHHSI KPEMHIIO, TOIIO.

VY nmochmimkeHHX, M0 CTOCYIOThCS 00JacTi saep-
HUX pEaKkTopiB, OOIPYHTOBaHO O€3MeKy IpHUCKOpe-
HOT'O MepeBeACHHS AOCIiTHULBKOTO SIIEPHOTO peak-
topa BBP-M Ha HH3bKO30araueHe sijiepHe MajwBo.
3MiICHEHO KOHBEPCIIO JIOCHIIHUIBKOTO SIEPHOTO
peakropa Ha HHM3bKO30araueHe MajMBO, OOTPYHTO-
BaHO Ta EKCIEPUMEHTAJIFHO IiATBEPAKCHO MOXKIIU-
BiCTh BUPOOHMITBA i30Tomy *°Mo Ha 6a3i HOBOI
akTUBHOI 30HU peakTopa BBP-M, po3pobieHo Hay-
KOBO-TEXHIUHI 3acaju Uil CTBOPEHHS METOIUK BU-
MipIOBaHHS TIOTY>KHOCTI 1 BHTPAT TEIUIOHOCIS Tep-
HIOT0 KOHTYPY BOJO-BOJSHHX PEaKTOPIiB 3a PEeCT-
pali€ero BUCOKOSHEPreTHYHUX raMMa-KBaHTIB a30Ty-
16.

Hupextop [HctutyTy simepuux pocnimkxens HAH Ykpainuy,

akagemik HAH Ykpainu

VY ramy3i (i3uKd mIa3Mu Ta TEPMOSIIEPHOTO CH-
HTe3y 3HaiaeHo ¢i3udHI MeXaHi3MH, SKi MOXYTh
BECTH 10 aHOMAaJbHHX CHEPreTUYHUX PO3MOMALTIB
HAJATEIJIOBUX 10HIB MPH HArpiBaHHI IJIa3MH B TOKa-
MakaxX IHKEKIN€I0 TYJYKiB HEHTpadbHUX aTOMIB.
[okazano, mo TpuBMMipHa IUQyY3ist y (a3zoBomy
MIPOCTOpi MiJ Ji€f0 HECTIHKOCTEeH mma3Mu, 30ymKe-
HUX 1H)KEKTOBAaHUMH ITy4KaMHU, Bejie 10 3MiHU (yH-
KIIii PO3MOiIY 1HKEKTOBAHUX YaCTUHOK, IO BiJIO-
BiJJa€ EKCIEPUMEHTAJIbHO CIIOCTEPEXCHIH aHOMalIil
EHEePreTUYHOro PO3MOAITY HAATEIUIOBHX HOHIB Y
chepuaromy Tokamami NSTX (CIIA), BussieHo
ICHYBaHHSI HOBOTO THITYy BJIACHHX MOJ| HEOJHOPIIHOT
TUIa3MH, 110 YTBOPEHI T'elliKOHHUMH Ta KBa3illOTEH-
LiaJIbHUMU XBWISIMH, €KCIIEPUMEHTAJIBHO BCTaHOB-
neno, mo HY HectiiikicTs npelidoBoro Tumy, Mo
30yKyeThesl B BU remkoHHHX JpKepenax Iia3Mu 3
TUTACKOI0 aHTEHOI0, MOXe OyTH crabinmizoBaHa 3Mi-
HOIO PO3MIipiB 30BHIMHKOI BY anTeHM.

VY ranysi paxmioekosorii Ta pamiobionorii mocii-
JoKEHO KineTHKy 'I 32 Pi3HHX /103 HAJIXOKEHHS 10
Opra”iaMy JIadopaTOpHUX IIypiB Ta IOMEPEIHHOTO
BBEJICHHS TpernapaTiB cTabiipHOro iomy. BusHaue-
HO TICpIO/IM HAIBBUBEJICHHS 3 OpPTaHi3My, LIUTOIO-
nionoi 3amo3u (1113) Ta iHmmx opraHis.

Y 2011 p. HAYKOBISIMU THCTUTYTY 3aXHIIeHO I
JOKTOpChbKY Ta 10 KaHAMOATCHKUX OuUcepTaliii 3a
CrHemianbHOCTAMU (Di3MKa aTOMHOTO sIIpa, eJIeMeH-
TapHUX YaCTHHOK 1 BUCOKHMX €HEpTid, ¢i3uKa Iia3-
MU, TEIJIOBI Ta SIEPHI €HEProyCTaHOBKH, IMiJrOTOB-
JICHO 710 3aXMCTY | JOKTOPCHKY Ta 2 KaHIUIATCHKI
JIACEPTAIIii.

VY 2011 p. IHCTUTYT YCHIIIHO NPOBIB IMOPIYHY
HaykoBy koH(pepenuito [S1/] HAH Ykpainu, Ykpain-
CBKY KOH(EpEeHIiI0 3 (i3UKH IIIa3MU Ta KEPOBAHOTO
TepMosiepHoro cunaredy - 2011, MixknapoaHy Ha-
pany xomnabopauii AMoRE — 2011, IX Ykpainceky
KOH(EpEeHIIito 3 QI3NYHOTO 3aXUCTY, OOIIKY Ta KOH-
TPOJIIO SIAEPHOTO MaTepiaiy.

binemr neranpHa iHdoOpMaIis Ipo HaWBaKIUBIMIL
HAYKOBI 3400YyTKH CITIiBpOOITHHKIB 1HCTUTYTY 3a
2011 p. mHaBoauthea B ganomy lopiunmky. Cnogi-
BAIOCh, 1[0 YNTa4i 3MOXXYTh 3HAUTH B HHOMY LiKaBy
Ta KOpUCHY U1 cebe iHpopMaIiiio.

1. M. BumneBcrkuii

[ToBHuit Texct Llopiuanka po3mimeHno Ha BeO-cTopinmi http://www.kinr.kiev.ua/Annual report/reportl 1.pdf
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BIJIUIN TA JIABOPATOPIT

SnepHo-@isuuHi yctaHoeku / Experimental installations

uxnorpon Y-120
3aBimyBad — KaHM. ¢i3.-MaT. HayK,
A.€. bop3akoBcbkuit
Hocainnnubkuii peakrtop BBP-M
I'onmoBnwMit imkerep B.M. MakapoBChKHiA
I3oxponHuii HMKIOTPOH Y-240
3aBigyBay — kaHg. (i3.-MaT. HayK,
0O.€. Banbkos
EnexkTpocTaTuyHMi nepe3apaaHuii
npuckoproBay (tangem) EI'TI-10K
3aBigyBay — 1oKTOp (i3.-MaT. HAYK,
c. H. c. B.B. Ocramko

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

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

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

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

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

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

Binain sanepHoi ¢izuku
3aBijyBay — KaHAUJAT TEXH. HAYK,
c. H. c. M.®. Komowmierp

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

Binain crpykrypu siapa
3aBimyBau — TOKTOp (pi3.-MaT. HayK, akagaeMik HAH
Yxpainu, npodecop [.M. BumneBchkuit

Binain sinepHux peakuii
3aBijyBay — TOKTOp (i3.-MaT. HAYK,
c. H. ¢. FO.M. IlaBnenko

Binnin Teopii smepHuX peakmii
B.o. 3aBimyBaua — kauauaat ¢i3.-Mar. HayK,
c. H. c¢. B.Il. BepOuupkuit

Binain ¢i3zuku JenToHiB
3aBigyBad — TOKTOp (i3.-MaT. HAyK,
c. H. c. ®.A. [lTaneBuu

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

Binnin sanepHo-aTOMHUX mponeciB
3aBigyBad —1OKTOp (i3.-MaT. HayK,
npogecop O.1. Jieron

Bignin ¢izukn BUCOKMX eHepriii
3aBimyBad — JOKTOp (hi3.-MaT. HAYK,
npogecop B.M. Ilyrau

Binain sinepHoi esieKTpoHikK Ta 3ac00iB aBTO-
MaTu3anii. 3aBigyBad — JOKTOp TeXH. HayK,
c. H. ¢. A.IL. Boiitep

JlaGopaTopis yacoBOro aHai3ly siiepHHX
npouecis. 3aBigyBau — JOKTOp (i3.-MaT. HayK,
npodecop B.C. OnpxoBcbKuit

JladopaTtopis Teopii sinepHux B3aemouiii Ta
npouecis. 3aBigyBau — 1OKTOp (i3.-MaT. HAYK,
c. H. ¢. B.IO. Jleancos

IIIOPIYHUK - 2010

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

Department of nuclear physics
Head — 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. .M. Vishnevsky

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

Nuclear Reaction Theory Department
Head — Candidate of Phys.-math. Sciences,
V.P. Verbitsky

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.L. Levon

High Energy Physics Department
Head — Doctor of Phys.-math. Sciences,
Prof. V.M. Pugatch

Nuclear Electronics and Automatic Means
Department. Head - Doctor of Techn. Sciences
A.P. Voiter

Laboratory for time analysis of nuclear
Processes. Head - Doctor of Phys.-math. Sciences,
Prof. V.S. Olkhovsky

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

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

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

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

c. H. ¢. 0.0. I'pumaii

Binain mpo6sem go3umetpii saepHux

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

HapuyanbHuil HeHTP 3 (PI3NYHOIO 3aXHUCTY,
00J1iKy Ta KOHTPOJIIO SIIEPHOT0 MaTepiary
3aBigyBad — kaHA. i3.-MaT. HAYK
B.1. I'aBpuitok

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

CexUia papiauiiHoi i3uku Ta paaiauiiHoro / Radiation physics and radiation material

MOTepiaﬂO3HOBCTBG

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

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

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

science section

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

Cekuia isuku nnasmm / Plasma physics section

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

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

Binain ¢izuku niazmu
3aBimyBau — kaHx. ¢i3.-MaT. HAyK
A.T'. Bopucenko

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

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

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

Cexuia papioexkonorii Ta paaiobionorii / Radioecology and radiobiology section

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

Center for ecological problems

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

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

IHCTUTYT AJEPHUX JOCJIPKEHb HAH YKPATHU



AHOTaUiT pobiT 3 anepHOT (isuKK

NON-MARKOVIAN NUCLEAR DYNAMICS

V. M. Kolomietz

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

Macroscopic collective motion plays an impor-
tant role in many phenomena in nuclear physics,
such as large scale motion, fission, heavy ion colli-
sion, etc. An available approach to nuclear collective
motion problems is still based on the standard lig-
uid-drop model (LDM). Up to now, the LDM and its
extensions are widely used for the description of the
main macroscopic, i.e., averaged over many quan-
tum states, characteristics of nuclear fission. On the
other hand, it is well known that the LDM is not able
to describe some strongly collective nuclear excita-
tions such as the giant multipole resonances. That is
due to the fact that the LDM ignores the important
features of the nucleus as a Fermi liquid.

We consider the non-Markovian collective mo-
tion for the nuclear Fermi-liquid drop which estab-
lishes a direct connection of the memory effects with
the dynamic distortion of the Fermi surface. It is
instructive to compare the properties of both the nor-

mal liquid drop and the Fermi liquid drop step by step.

Such kind of comparison is presented in the Table. As
seen from the Table, the static properties of both lig-
uids are similar in every respect. Namely, both liquids
are saturated ones, i.e., the binding energy £ and the
volume ¥V are proportional to the particle number 4.
Moreover, the static (adiabatic) deformation energy

Edef and the incompressibility coefficient K are the

same in both liquids also. However the situation be-
comes completely different if we take a look at the
dynamic behavior of both liquids. First of all, the
pressure P, which is a scalar (power function) in a
usual liquid, is transformed into the pressure tensor

P,, in a Fermi liquid. In this sense, one can say that

the Fermi liquid is similar to the solid state. The
origin of this phenomenon is the dynamical distor-

tion of the Fermi surface in momentum space which
accompanies the collective motion in a Fermi liquid.
Due to this fact the stiffness coefficient C and the
corresponding eigenfrequency ® of shape eigenvi-
brations are significantly different in both liquids.
We show that the stiffness coefficient C is subsi-
dized by an additional strong contribution C,. due to

the above mentioned Fermi surface distortion effect.
We show that the equations of motion for the nu-

clear quantum Fermi-liquid take the following non-

Markovian form which depends on relaxation time 7

O€,,,
o

mp%uv +V,P+V,

=—Vﬂjdt'exp r-t (AL +V,E (1)
I 4

where p is the particle density, u, is the velocity

14

field, P is the quantum pressure, £, is the potential

!
energy density, £ is random force and the memory

tensor A, is given by
=V, +V u, — 2V i
A, =Vu, + ﬂuv—g U 2

We demonstrate how the memory integral in
Eq. (1) influences the nuclear collective eigenexcita-
tions and the nuclear fission in many important as-
pects.

This work has been published: V.M. Kolomietz,
Nucl. Phys. and Atom. Energ. 12, No. 4 (2011).

Comparison of static and dynamic properties of the normal liquid drop and the Fermi liquid drop.

Liquid drop

Fermi liquid drop

Saturation £~ A4, V ~A4

Saturation £~ A4, V ~ A

Static (adiabatic) deformation energy E,, = E

surf

+E.

Static (adiabatic) deformation energy

E, =E,, +E.

def surf

Static incompressibility K =9 p°0*(E/ 4)/9p’|
eq

Static incompressibility K =9 p°0*(E/ 4)/9p’|
eq

Pressure (scalar) P~ p¥

Shape vibrations w=+C/B
First sound ¢, =vK /9m

Markovian transport equations

Dynamics

Dynamics  Pressure (tensor) £,

Giant resonances @w=,/(C+C,)/B
Zero sound ¢, =«3K/9m

Non-Markovian motion
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NON-MARKOVIAN DIFFUSION OVER POTENTIAL BARRIER
IN THE PRESENCE OF PERIODIC TIME MODULATION

V. M. Kolomietz, S.V. Radionov

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

The response of complex nonlinear systems on
periodic external field may have the features that are
absent for linear systems. The very famous example
of such features is the stochastic resonance phe-
nomenon, when the response of the nonlinear system
on the harmonic perturbation is resonantly activated
under some optimal level of a noise. The resonant
activation of the system occurs when the frequency
of the modulation is near the Kramers' escape rate of
the transitions from one potential well to another.

We study the diffusion over a single-well poten-
tial barrier by the presence of periodic time modula-
tion. The diffusion over the barrier is generated by a
colored noise whose statistical properties are related
to the retarded dissipative properties of the nonlinear
system. Following this conception, we address a
problem of the stochastic resonance phenomenon to
the many-body systems where the stochastic and
damped features of the macroscopic modes of mo-
tion are related to each other through the fluctuation-
dissipation theorem. It is also importantly that the
macroscopic dynamics in the many-body systems
may be essentially non Markovian.

The one-dimensional and non-Markovian Lange-
vin equation in the presence of a harmonic perturba-
tion ¢ -sin(wr)reads

) L,

Mq(1r) = —a—[

i (1
~[dr(e=1)q(') + &)+ - sin(an),

where ¢ is the dimensionless coordinate, M is the
mass, x(¢t—1t") is the memory kernel and &(¢) is the

random force.
We have performed the numerical calculations
assuming the Kramers potential for £ . The noise

term £(¢) is assumed to be Gaussian distributed with

zero mean and correlation function related to a
memory kernel x(z—¢")of a retarded friction force:

(&) =Tr(t =1, 2

where T is the temperature and the memory kernel
x(t—1') is derived by the relaxation time 7 as

k(t-t)=rx,exp(~|t-1|/7). 3)

The Langevin equation (1) was solved numerically
by generating a bunch of the trajectories, all starting
at the minima of potential well and having the initial
velocities distributed according to the Maxwell -
Boltzman distribution. We have studied the diffusive
dynamics in terms of first-passage time distribution

and calculated both the mean first-passage time ¢,

and the escape rate R(¢) over the barrier.

We have demonstrated that the memory effects
hinder the escape over the barrier. In contrast to the
motion in the presence of usual friction force, the
hindrance of the escape occurs due to both the
Markovian friction and the additional conservative
components of the retarded time force in Eq. (1).

Having calculated the mean first-passage time 7,

for different values of the frequency w of the modu-
lation, we have found that the sinusoidal perturba-
tion accelerates the diffusion over the barrier, see
Figure. The maximal (resonant) acceleration is
achieved at thew=w, , where @, is inversely pro-
portional to the mean first-passage time in the ab-
sence of the modulation. We have shown that a
value of the resonant activation over the barrier

(w=w, )/t (w=0) remains practically the

tmfpt res mfpt
same for the quite weak as well as for the fairly
strong memory effects in the diffusive dynamics.
Note that in Figure we have used the units of

t,=NM/T.
150 = ' ]
\ =0.026
\ —
I\ #'/,,..--""
o | - ]
2 100
£
=
50 ", t/tg=0.005 |
0.00 0.04 0.08
wlwg

The mean first-passage time ¢ . of the non-Markovian

mfpt
diffusion process is given as a function of the frequency
o of the harmonic time perturbation at two values of the

dimensionless correlation time 7 /¢, .

This work has been published: V.M. Kolomietz
and S.V. Radionov, Phys. Rev. E 84, 051123 (2011).
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CURVED AND DIFFUSE INTERFACE EFFECTS ON THE NUCLEAR SURFACE TENSION

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

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

The structure of the surface energy E and the corre-
sponding surface tension coefficient o depend on the
interparticle interaction and the surface conditions.
Moreover, the nucleus is a two component, charged
system with a finite diffuse layer. This fact specifies a
number of various peculiarities of the nuclear surface
energy E,: dependency on the density profile function,
contribution to the surface symmetry energy, connection to
the nuclear incompressibility, etc. The additional refine-
ments of Eg appear due to the quantum effects arising
from the smallness of nucleus. In particular, the curved
interface creates the curvature correction to E¢ of order

A" and can play the appreciable role in small nuclei.

In present paper, we suggest the microscopic analysis
of the curvature correction to the surface tension of a
small drop with a finite diffuse layer. We follow the
ideology of the extended Thomas-Fermi approximation
(ETFA) with effective Skyrme-like forces combining the
ETFA and the direct variational method. In our consi-
deration, the proton and neutron densities p,(r) and
p,(r) are generated by the diffuse-layer profile func-
tions which are eliminated by the requirement that the
energy of the nucleus should be stationary with respect
to variations of these profiles. In agreement with Gibbs-
Tolman concept, two different radii have to be intro-
duced in this case. The first radius, R, , is the surface

tension radius which provides the minimum of the
surface tension coefficient and the satisfaction of the
Laplace relation for capillary pressure. The another one,
R, , is the equimolar radius which corresponds to the

equimolar dividing surface and defines the physical size
of the sharp surface droplet, i.c., the surface at which the
surface tension is applied. The difference of both radii
R, —R_ in an asymptotic limit of large system A — oo
derives the Tolman length & . Following Tolman, the
surface tension o, = 0(R,) approaches the planar limit

o, as

o(R)=0.[1-26/R,+O(R?)]. (1)

Evaluating the nuclear capillary pressure, for both
radii R, and R_, and taking limit for R, — o> we have
established the following result for the Tolman length

E=lim, _(R,—R). 2)

This result leads to the important conclusion that

[IOPIUHUK - 2011

the curvature correction to the surface tension is
derived by both the equimolar and the surface ten-
sion radii and disappears in the case of sharp surface.
This fact was not taken into account in previous
considerations of the curvature correction.
Considering a non-charged droplet (without Cou-
lomb), we have performed the ETFA calculations
up to very high values of particle number 4 ~10°.
Figure shows the result of calculation for tension o,

as a function of doubled droplet curvature2/ R, .

1.1
SkM

a (MeV/fm")
=

0.0 0.1 0.2 0.3 0.4 0.5
. =1
2/R,(fm )
Surface tension of the droplet versus the surface curva-

ture for the range of particle number 4 = 10> + 10*.
Calculation was performed using SkM force.

We have determined the Tolman's length & and
the planar surface tension o for several parametri-

zation of Skyrme interaction. Results are summa-
rized in the Table.

Value of Tolman length & and the planar surface

tension O for several Skyrme parametrization

Force & (fim) o (MeV/fim?)
SkM -0.36 0.92
Sly230b 0.37 1.01
T6 -0.36 1.02

This work has been submitted to Eur. Phys. J.,
and published as LNL-Preprint: arXiv: [nucl-th]
1110.1566
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NUCLEON DISTRIBUTION IN NUCLEI BEYOND BETA-STABILITY LINE

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

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

The main characteristic of neutron skin in heavy
nuclei is the neutron-skin thickness (the difference
between the neutron and proton root mean square radii)

Ar,, :\/@—\/@ . The value of Ar,, is caused by

both the different radii (skin effect) and the different
shape (halo effect) of neutron and proton distributions.
The relative contribution of both effects depends on the
competition between symmetry energy, spin-orbit and
Coulomb interactions.

In the present work we study a deviation of nucleon
distribution from the saturation behaviour in neutron-
rich nuclei. We consider the influence of spin-orbit and

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

\ l<r;> , rms radii as well as the connection of the shift

Ar, to the surface symmetry energy. We study also the

related problems of the nucleon redistribution within the
surface region (nuclear periphery), in particular, the
neutron coat and the neutron excess for the nuclei far
away the beta stability line.

We have applied the direct variational method within
the extended Thomas - Fermi approximation with
effective Skyrme-like forces to the description of the
radii of nucleon distributions. In our consideration, the
thin-skinned nucleon densities p,(r) and p,(r) are

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

We have evaluated the partial pressure P, which

includes the contributions from the symmetry and

Coulomb energies. The pressure P, is positive

driving off the neutrons in neutron-rich nuclei to the skin.

We have derived the expression for the shift of bulk
density p,, (polarization effect) in the neutron rich

nuclei (X =(N —-Z)/ A is the asymmetry parameter)

PA,sym *\2
Po.x = Lo _9K—(X_X ). (1)

A

In Figure we have plotted the partial pressure
P, .(p,) versus the bulk density p, (partial equation

of state) for the nucleus *’Sn . As seen from Figure, the
equilibrium partial pressure P,  (p,,) 1s positive and

thereby p, x <Py,

We have demonstrated that the neutron skin de-
velops by diffusing the neutron surface against the
changeless proton diffuseness and can be responsi-
ble for the giant neutron halo in neutron-rich nuclei.

4 T PR '

3; _ PA,svm : =]
-- volume | | T

|- surface g 7

2 [~ Coulomb| | -~ :

—_

B sym(MeV-Im-)

'
—

0 0.2 0.4 0.6 0.8 1 1.2 1+

pO / p(),eq

The partial pressure P for the nucleus '*°Sn. The

A,sym
dashed vertical line is the spinodal instability border.

We have established the influence of the polari-
zation effect given by Eq. (1) on the rms radius

\ /<rf> of neutron distribution. This effect increases

with asymmetry parameter X and can be responsible
for the appearance of giant neutron halo in the nuclei
close to the drip line. We have also estimated the
relative contribution to the value of isotopic shift of
radii Ar, obtained from both the skin effect and the

halo effect. The halo effect gives usually a minor
contribution to the shift Az, and it can be compara-

ble with the skin effect near the drip line only.
Using the leptodermous properties of the profile
nucleon densities p,(r) and p,(r) we have estab-

lished the presence of the neutron coat. The size of
neutron coat is growing with a moving away the beta
stability line. This fact was demonstrated as a devia-
tion of the rms radii of nucleon distribution from the

saturation behaviour ~ 4"* in the nuclei beyond the
beta-stability line.

This work has been submitted to Phys. Rev. C,
and published as LNL-Preprint arXiv[nucl-th]:
1112.2863
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GROSS-SHELL EFFECTS IN THE DISSIPATIVE NUCLEAR DYNAMICS

J. P. Blocki', A.G. Magner’, L S. Yatsyshyn

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

Many dynamical nuclear problems like fission
and heavy ion collisions can be reduced to the mo-
tion of independent particles in a mean field with a
time-dependent edge. As shown by classical and
quantum results for the excitation energy obtained
on basis of the wall formula (w.f)) [1, 2], a great
amount of the collective energy is dissipated into a
chaotic nucleonic motion. In this report, the slow
small-amplitude vibrations of the Woods - Saxon
(WS) potential radius [3] near the spherical shape
where «a(t) = acos(wt) is now time-dependent,
and @ is the vibration frequency. We start oscilla-
tions from a maximum displacement of the P,
deformation «. The adiabaticity parameter
n=ow/Q (Q=v./R, v, is the Fermi velocity)
and amplitude « are small so that w/Q <<1.

Figure shows strong correlations between the
friction coefficient ¥ << dE / dt > (the mean excita-

tion-energy rate) and shell-correction energy OF as
functions of the particle number for the octupole
vibrations, see also [4]. The uniform approximation to
the friction coefficient ¥ is obtained through the

semi-classical Green’s function of Gutzwiller,
y=[dy P,w)rw) with y)=7,,+7.w),

7., 1s the friction component related to the w.f. and
¥.W) =7, Y. (sin’ @ cosg/2vsiny)[1-J,(VAS].

The sum over v and w runs classical trajectories
connecting two points on the surface of the spherical

s F 7 ‘ \ ‘ \ ‘ \ ‘ T 3
L F B 0=005 n001 e o ]
%1&052— ~ - :
C o LYY - 3
Tle6: . . 3
. E
e ]

VleO7
35 4 45 5 55 6

~ | . | . | . .
2 35 4 45 N]J3 5 55 6

Mean excitation-energy rates < dE /dt > in w.f. units (top)
and shell corrections JE at the initial time (bottom) for P,

vibrations vs. the particle number N'* for the WS potential
of the depth -200 MeV and diffuseness 0.1 fm.
equilibrium cavity, ¥ is the angle between them,

v is the number of vertexes, v=2|w|, and w wind-
ing numbers, w==x1,+2..., ¢=aw/v-w/2v ,
J,(x) is the cylindrical Bessel function of the zero
order, AS = kRcos(zw/v) siny , k is the wave
number at the Fermi energy. For ¥ — 0 one obtains

the contribution of the one-parametric periodic-orbit
families. Table shows essential differences of the
friction ¥ from that of [5], especially for the quad-

rupole case. The kR dependence appears through J,
due to the uniform approximation used for small i .

Friction coefficient » in units of the w.f. value

kR \n 2 3 4 5 6 7 8 9 10
10 0.73 1.15 0.92 1.05 | 0.97 1.02 099 | 1.01 | 0.99
20 0.69 1.20 0.82 .12 | 082 1.07 095 | 1.04 | 097
30 0.84 1.16 0.80 .14 | 0.87 1.10 091 | 1.07 | 0.95
40 0.95 1.10. 0.86 .13 | 0.86 111 0.89 | 1.08 | 0.93
50 0.97 1.06 0.93 1.09 | 0.88 1.10 0.89 | 1.09 | 0.91
oo 111 0.93 1.06 0.95 1.08 | 0.96 1.03 | 0.97 | 1.03
[5] 0.00 0.85 0.45 090 | 062 | 093 0.71 | 0.94 | 0.76

1. J. Blocki, Y. Boneh, J.R. Nix et al., Ann. Phys. (N.Y.)
113, 330 (1978).

2. J.P. Blocki, A.G. Magner, and L.S. Yatsyshyn, Nucl.
Phys. At. Energy, 11, 239 (2010); Int. J. Mod. Phys.
E20, 292 (2011).
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3. J.P. Blocki and A.G. Magner, this annual report, p.13.

4. S.E. Koonin, J. Randrup, R.L. Hatch, and V.M. Kolo-
mietz, J. Phys. Soc. Japan 44, 372 (1978).

5. S.E. Koonin and J. Randrup, Nucl. Phys. A289, 475
(1977).
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STATISTICS OF THE SINGLE-PARTICLE LEVELS

J. P. Blocki', A.G. Magner”

1
National Center for Nuclear Research, Otwock, Poland

2
Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

The microscopic many-body interaction of Fermi
particles is very complicated. Several theoretical
approaches to the description of the Hamiltonian
which are based on the statistical properties of its
discrete levels are applied for solutions of the realis-
tic problems. For a quantitative measure of the de-
gree of chaoticity, the statistical Poisson and Wigner
nearest neighbor spacing distributions (NNSD) P(S)
were introduced within the random matrix theory [1].
A regular behavior (order) of the system is associ-
ated usually to the Poisson-like exponentially de-
creasing dependence, see Figure, while the chaotic-
ity was connected more to the Wigner-like behavior
with a maximum at some finite value of the spacing
variable S.

On the other hand, many nuclear dynamical prob-
lems can be reduced to the collective motion of in-
dependent Fermi particles in a mean field with a
relatively sharp time-dependent edge within the mi-
croscopic-macroscopic  approximation. Intensive
semiclassical and quantum studies of the one-body
dissipative phenomena were based largely on the
macroscopic wall formula for the excitation energy.
The order-chaos transitions were shown through the
Poincare sections and Lyapunov exponents as the
macroscopic measures of the chaoticity. For a fur-
ther study of the order-chaos properties of the Fermi
systems, it might be worth to apply the statistical
methods of the description of the single-particle
levels. Our purpose in this report is to look at the
order-chaos properties of such levels in terms of the
Poisson and Wigner distributions with focus to their
dependence on the multipolarities, equilibrium de-
formations and shell effects in relation to the inte-
grability of the Hamiltonian.

The quantum gas is considered in the Woods-
Saxon (WS) potential with the radius

R(0)=R[1+ o4 /5Y, (cosO)+ Y, ,(cosB)]/ A rip-
pled according to the spherical harmonics
Y ,(cos@) o< P (cos@), P, are Legendre polynomials,
A is a normalisation factor ensuring volume conser-
vation and ¢, stands for keeping a position of the
center of mass for odd multipolarities n . R is the
radius of the equivalent sphere. Figure (top) shows
the NNSD P(S) with an exponentially decreasing S

dependence like the Poisson (more ordered) one for
the full spectrum in the WS potential in the P, shape
as example. Almost Wigner chaotic behaviour was

found in this Figure (see bottom) for the case of the
fixed angular momentum projection m =0.The po-
tential is azimuthally symmetric but non-integrable

‘ ‘ ‘
R o=04

S)

05

o
g

T T T T T
R 0=04 m=0
(1.0)
.. (01)

osl— -

< _(0,0.23)
S

The NNSD P(S) (heavy dots [1]) vs. the energy spacing
S (in units of the average distance between levels D) for
the spectrum with the fixed angular momentum projection
m =0 (lower) and for full spectrum (upper) in the WS
potential for the P, shape at the deformation &z =0.4; its
depth equal to -200 MeV and diffuseness parameter 0.1
fm; solid curve is the Poisson distribution and dotted line
is the Wigner one; numbers in brackets show the parame-
ters A and B of the linear level density defined in [1],
1,(S)= (A+BS/D)/D, in a general Eq. (1.3) of [1];
dashed curve corresponds to this linear density obtained
by the mean-square fitting to the heavy dots.

(chaotic) in the symmetry-axis plane: Owing to the
fixed m we are remaining with the only one single-
valued integral of motion, - an energy of the particle.

1. T.A. Brody et al., Rev. Mod. 53, 385 (1981).

12 IHCTUTYT AJAEPHUX JOCJIKEHb HAH YKPAIHU



SAHNEPHA OI3UKA

PERIODIC ORBITS AND SHELL STRUCTURE IN RADIAL POWER-LAW POTENTIALS

A. G. Magnerl, A. A, Vlasenkol, K. Aritaz, M. Brack®

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

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(7)o r* which, for large

enough «, 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 transfor-
mations of the phase space variables. The actions
S=her (with period 7 ), and the curvatures
Ko< 1/¢ are easily found at £ =1 at the stationary
points of L e« & (angular momentum) for the particle
motion along the p.o. as functions of the scaled di-
mensionless energy € o E'*"? (E is the energy of
the particle). Their exact analytical solutions were
derived for =4 and 6. They are close to the bi-
furcations at o =4 .25 for the birth of the star-like
orbit from the twice repeated circle orbit, and at 7
for the triangular-like orbit arising from the primi-

tive circle. An enhancement of the shell structure at

the order of the large semiclassical parameter (£7)"*

near these bifurcation points is found in nice agree-
ment with peaks in the Fourier transform of the
quantum level density, which exhibit the quantum
predictions of the semiclassical amplitudes of con-
tributions of periodic orbits to the trace formula.
Various limits (including the harmonic oscillator
potential and the spherical box) have also been given
analytically.

In 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 widths ) and for the energy

shell correction E at or=4. The comparison in the
bottom and center (¥ =0.2) panels shows the basic

gross-shell structure with a convergence of the peri-
odic orbit sum mainly at the dominating shortest

[IOPIUHUK - 2011
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1
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26 28 30

Coarse-grained level density dg, and energy shell correc-

tion OE vs. scaled energy £ and particle number variable

N for a=4 N= 2j deg,(e)  with
0
g,(&)=g+0g,(¢e), y=0.1, g is the Thomas-Fermi
component. QM: quantum results using Strutinsky’s shell-
correction method; ISPM: semiclassical results using the

improved stationary-phase method [1].

one-parametric families of diameters. The top panel
demonstrates a nice agreement even for a finer shell
structure for which interferences of contributions
from shorter polygonal one-parametric orbit families
become important (see also [2]). The circular p.o.s
are significant also near the symmetry breaking (bi-
furcation) values of «, or in the case of three-
dimensional radial power-law potentials.

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 DISPERSION RELATION FOR PAIRING VIBRATIONS
IN HEAVY NUCLEI

V.L Abrosimovl, D. M. Brink?, |A. Dellaﬁore3, 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

We have studied the solutions of the semiclassi-
cal time-dependent Hartree - Fock - Bogoliubov
equations of motion in an improved linear approxi-
mation (compared to Ref. [1]) in which the pairing
field is allowed to oscillate and to become complex.
In Ref. [1] we have considered a more simplified
approach based on the constant- A approximation
that corresponds to the quantum noninteracting qua-
siparticles approximation. In present paper the pair-
ing field fluctuations are derived from the self-
consistent relations, while the static pairing field is
approximated with the same phenomenological con-
stant as used in [1]. We use our improved semi-
classical approach to study the effects of a self-
consistent pairing interaction on the isoscalar nu-
clear density response [2].

The self-consistent pairing-field fluctuations intro-
duce possibility of new collective modes of the sys-
tem, generated by the pairing interaction. Our (nor-
mal) density response function R(@) is defined as

R@) = [dr 0()0p(r.0), ()

where dp(r,w) is the time Fourier transform of the

normal density fluctuation induced by the external
driving field

Vei(e,n =né(H0(r) 2

with the Dirac o -function in time J(¢) and a pa-

rameter specifying the strength of the external field
1. The response function (1) has additional terms

which contain contributions of the real and imagi-
nary parts of the pairing-field fluctuations. These
extra terms introduce the possibility of extra poles in
the density response function R(®) .

The density response function R(w) has been

explicitly evaluated for a system of A = 208 nucle-
ons enclosed in a spherical cavity characterized by
parameters (size, density, pairing gap) typical of
heavy nuclei. We have found out the dispersion rela-
tion which determines possible collective modes of
the system induced by the pairing interaction. It
reads

'K (L,w)=0, 3)

where L is the multipolarity of pairing vibrations.
The obvious solution of our dispersion relation (3) at
w=0 corresponds to the Anderson - Goldstone -
Nambu mode and is related to gauge symmetry [3].
We have found that the dispersion relation (3) has
approximate solution at @w=2A (the value of
A =1MeV is used here) for the monopole and
quadrupole channels.

0.25
0.2
0.15
0.1
0.05
0

0 2 4 6 8 10

hw [MeV ]
Absolute value of the quantity K(L =0, w)
for 7w below 10 MeV.

In Figure the absolute value of the quantity
K(L=0,w) is shown for the monopole channel.

The deep dent of the absolute value of the quantity
K(L=0,w) at ®=2MeV means that the disper-

sion relation (3) has an approximate solution at
@=2A . However, the contribution of the terms,
generated by the pairing interaction, to the density
strength function turns out to be negligible.

It is known that collective pairing modes in nu-
clei can be strongly excited by two-neutron transfer
reactions. To study these processes within the qua-
siparticle random phase approximation, the response
function for the two-particle transfer is used that is
related to the external field which changes the num-
ber of particles in the system. It would be of interest
to introduce a corresponding external field in our
semiclassical approach in order to get the response
function that would be more suitable for studying of
collective pairing effects.

1. V.I. Abrosimov, D.M. Brink, A. Dellafiore, and
F. Matera, Nucl. Phys. A800, 1 (2008).
2. V.I. Abrosimov, D.M. Brink, A. Dellafiore, and

F. Matera, Nucl. Phys. A864, 38 (2011).
3. D.M. Brink and R.A. Broglia, Nuclear Superfluidity
(Cambridge University Press, Cambridge, UK, 2005).
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THE SHAPE TRANSITIONS IN ROTATING NUCLEI
F. A. Ivanyukl, K. Pomorski’, J. Bartel
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The compound nuclei formed in heavy-ions reac-
tions correspond to rotating systems. To describe the
energy and other properties of such a system one
should know, first of all, the system's shape and its
dependence on the angular momentum.

It was found out in the past that apart from a
smooth dependence of the shape on the angular
momentum there are two kinds of instabilities dis-
cussed in the literature already in the 19-th century:
the Jacobi transition and the Poincare instability.
However, it is not at all evident whether in atomic
nuclei the Jacobi transition or the Poincare instabil-
ity will take place in an observable spin range and a
realistic value of the fissility parameter. The ques-
tion to ask is therefore: In which nuclei and at what
spin ranges these two mechanisms can, indeed, be
observed.

In the present work we try to answer this question.

For that purpose we apply the Strutinsky procedure
[1] to define the shape of the nuclear surface, a pro-
cedure which does not rely on any shape parameteri-
zation. In this method the shape of a charged drop is
defined by the minimization of liquid-drop energy
under additional constraints fixing the volume and
deformation.
For given surface shape the potential energy is
Epp=E

+ Eo + B> 6]

surf Coul

where Egyr, Ecou and E, are respectively the sur-
face, Coulomb and rotational energies. The rota-
tional energy is taken as the square of the angular
momentum L divided by twice the rigid-body mo-
ment of inertia J.

In case of axially asymmetric shapes one can
characterize the shape of the liquid drop by some
profile function p(z,¢) . Since the energy (1) is a

functional of p(z,¢)

Zmax

2
Eyp= [dz[dp E(p.p..p,:2.0), ()

0

me

one can find p(z,¢) from the Euler equation
OE_dIE_d IE _,
dp dzdp, d¢dp,

Solving (3) is unfortunately very difficult. An
approximation for p(z,)

3)

[IOPIUHUK - 2011

p*(z,90) = (2W1-1°(2) /[1+7(z)cos(29)]  (4)

was suggested in [2]. By inserting (4) into (3) it
turns into the functional of two functions {'(z) and
1(z) and the variational problem (3) is reduced to a
pair of simpler equations

5ERLD[§’77]/5§:0’ 5ERLD[§977]/577:0' )

The equations (5) can be solved by the same
methods as for nonrotating nuclei, see [3, 4]. For
given ¢(z) and 7(z) it is not difficult to find the

shape, energy, moments of inertia of the drop and
their dependence on the angular velocity. The nu-
merical calculations show that:

the sharp Jacobi transition from oblate to triaxial
spheroids is an artefact caused by the assumption of
spheroidal shape, without such an assumption the
nonaxiality is found to grow continuously with in-
creasing angular momentum, see Figure;

at high angular momentum the deviation of the
liquid drop energy calculated with the optimal
shapes from the one for triaxial spheroids is of the
order of a few MeV for medium mass nuclei;

for drops with a fissility parameter x;p > 0.612
the fission takes place before the Jacobi transition
can occur.

semi-axes

The dependence on the rotational parameter y;p =
= E,o/Ero ™™ of the semi-axes of rotating liquid drop
whose shape has the form of triaxial ellipsoid (dash) and
the length of the optimal shape in x, y, z-directions (solid)
for the fissility parameter x;p= 0.5.

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

2. F.A. Ivanyuk, K. Pomorski, and J. Bartel, submitted to
Int. J. Mod. Phys.

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

4. F.A.lIvanyuk and K. Pomorski, Phys. Rev. C79,
054327 (2009).
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RENEWED VALUES OF GIANT DIPOLE RESONANCE
PARAMETERS WITH UNCERTAINTIES

V. A. Plujkol’z, R. Capote, O. M. Gorbachenko’, V. M. Bondar?

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
? Taras Shevchenko National University, Kyiv
3 NAPC-Nuclear Data Section, International Atomic Energy Agency, Vienna, Austria

The reliable values of the characteristics of
isovector giant dipole resonance (GDR) are of con-
siderable importance for the calculations of gamma-
ray strength functions as well as for a verification of
different theoretical approaches used for description
of high-energy resonances of nuclei (see Ref. [1] and
references therein).

We renewed values of GDR parameters and es-
timated their uncertainties [2]. These quantities were
found by a chi-square fit of the theoretical photoab-
sorption cross sections to the experimental data re-
trieved from the EXFOR database for 131 isotopes
from '°B to **’Pu nuclei (262 entries) and 9 elements
of natural isotopic composition(14 entries).

The theoretical photoabsorption cross sections
were taken as a sum of the components correspond-
ing to excitation of the GDR and quasideuteron con-
tribution to the photoabsorption cross section. For
experimental data, we used either the total photoab-
sorption cross section (if they exist in the EXFOR
database) or a combination of experimental partial
cross sections best suited for approximation of the
total photoabsorption cross section. Estimated data
also include contributions from photo-proton reac-
tions, which are important for light nuclei. The GDR
component of the photoabsorption cross section was
calculated within a standard Lorentzian (SLO)
model or within a simplified version of the modified
Lorentzian approach (see the [1, 2] for details).

Renewed systematics of GDR parameters were
also obtained and they are presented in the following
forms (in units of MeV; the numbers in the brackets
are uncertainties and correspond to the last digits of
the parameter values, I =(N—-Z2)/ A4)):

E,=17.79(13) 47" +26.45(6) A",

E, =156.47(68)(1—1*)"> 47" / \[1+15.13(17) 47",
T =0.02509(4)E, ",

T, =03351(10)E, +0.0297(47)E,B, - 0.325(10)E _,
1

where £ and I', are GDR energy and width re-

spectively, average GDR energy E, is equal to £,

for spherical nuclei and

E.=(E,0,+E,0,)/(0,+0,) for axially deformed
nuclei, 0,, - cross section values in the first and

second peak respectively, E2+ - energy of the first
1

collective 2" state, S, - parameter of quadrupole

deformation, N and Z -numbers of neutrons and
protons in nuclei with mass number 4.

The coefficients of the energy systematics were
used to estimate values of symmetry energy coeffi-
cient (J) and ratio (J/Q) of symmetry energy coeffi-
cient to neutron skin stiffness (Q). The results with
the use of different expressions for GDR energy [5,
6] are given in the following Table:

[Ref.] J, MeV J/Q
[5] 36.8 2.18
our fit 37.09(27) 2.42(03)
[6] 32.5 1.00
our fit 42.39(33) 1.91(02)

Calculated value of J/Q are better agrees with
used in Ref. [5].

It was also demonstrated that high energy part of
gamma-ray spectrum from (n, x}) reactions on mid-
dle-weight and heavy atomic nuclei are rather strong
dependent on the GDR parameter uncertainties.

1. R. Capote, M. Herman, P. Oblozinsky et al, Nucl.
Data Sheets 110, 3107 (2009).

2. V.A. Plyjko, R. Capote, and O.M. Gorbachenko, At.
Data Nucl. Data Tables 97, 567 (2011).

3. V.A. Plujko, R. Capote, O. Gorbachenko, and V. Bon-
dar, Journ. Korean Phys. Soc. 59(2), 1514 (2011).

4. V.A. Plyjko, R. Capote, O.M. Gorbachenko, and V.M.
Bondar in Proc. of the 3-rd Int. conf. Current Prob-
lems in Nuclear Physics and Atomic Energy (NPAE-
Kyiv2010), June 7-12, 2010, Kyiv, Ukraine (Kyiv,
2011), P. 1, p. 342.

5. W.D. Myers, W.J. Swiatecki, T. Kodama et al., Phys.
Rev. 15(6), 2032 (1977).

6. E. Lipparini, S. Stringari, Phys. Rep. 175, 103 (1989).
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SAHNEPHA OI3UKA

POLARIZED ELECTRIC DIPOLE MOMENT OF WELL-DEFORMED
REFLECTION ASYMMETRIC NUCLEI

V. Yu. Denisov

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

Reflection asymmetric deformation of nucleus
induces the proton-neutron redistribution. As a result,
the proton or neutron density distributions became
slightly polarized and reflection asymmetric in the
nuclear volume. Due to such density polarization the
position of proton center of mass is shifted relatively
the nuclear center of mass; therefore reflection
asymmetric nuclei have the polarized electric dipole
moment (PEDM). The PEDM enhances the dipole
electric transitions in reflection asymmetric nuclei.

The PEDM of nuclei with quadrupole and octu-
pole surface deformations was firstly obtained by
V.M. Strutinsky in 1956 [1] in the framework of
liquid-drop model.

However the proton-neutron density polarization
in the nuclear volume induces the variation of proton
and neutron radii and, therefore, leads to the corre-
sponding surface contribution into the PEDM. The
expression for PEDM with volume and surface con-
tributions was derived in Refs. [2 - 5].

The expression for PEDM for nuclei with geo-
metrically similar proton and neutron surfaces, i.e.
when proton and neutron radii have the same angu-
lar dependence

Rp(@)/ Rp() = RN(@)/ RNO =] + 21=2ﬁ1 Y[m(@)

was obtained in Ref. [3]. Here Rpj and Ry, are the
proton and neutron radius of spherical nucleus. The
neutron skin thickness depends on @, when radii of
the proton and neutron surfaces are proportionally to
each other. The PEDM consists of the volume and
surface charge redistribution contributions only [3],
because the neutron skin thickness contribution
equals zero for geometrically similar proton and
neutron surfaces [3, 4]. The neutron skin center of
mass coincides with the nucleus the ones [3, 4].

The expression for PEDM for nuclei with non-
axial shape was derived in [5].

We emphasize that the PEDM obtained in the
first non-zero order on multipole deformations of
nuclear surface is proportional to f; f;+; and all ex-
pressions for the PEDM presented in Refs. [1 - 5]
are derived in this approximation. These expressions
for the PEDM cannot apply for well-deformed re-
flection asymmetric nuclei. Therefore it is necessary
to find expression for the PEDM for analyzes of the
dipole electric transitions in well-deformed reflec-
tion asymmetric nuclei.

[IOPIUHUK - 2011

Such expression is obtained in [6], where both
the first and the second order terms on multipole
deformations of nuclear surface are taken into ac-
count. The second-order correction terms of the po-
larized electric dipole moment are important for
well-deformed nuclei, see Figure. The influence of
the second order terms rises with the values of the
deformation parameters, see Figure.

By using obtained expression for the PEDM the
experimental data for PEDM in Th isotopes are well
described [6]. The value of PEDM for the hyperde-
formed state of '**Dy is also evaluated [6]. The sec-
ond order terms are especially important at large
values of deformation parameters.

—D
macro

B,=0.11, §,=0.075,
| B=0.045, 5=0.02

_.O_D

1 macro

1,0 1

0,0
0,0

, .
04 B, o6
Dependencies of the macroscopic PEDM of *°Th evalu-
ated in the first Dypacero and second Dpaero 0Orders on quad-
rupole S5, deformation [6].

T
0,2
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2. C.O. Dorso, W. Myers, and W. Swiatecki, Nucl. Phys.
A451, 189 (1986).

3. V.Yu. Denisov, Yad. Fiz. 49, 644 (1989).
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5. V.Yu. Denisov and O.I. Davidovskaya, Yad. Fiz. 59,
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AHTUCUMETPU3ALIA TA NOTEHIIAJ SAJEPHO-SIJIEPHOI B3AEMO/IIT

B. O. HectrepoB

Tnemumym adeprux docniosxcens HAH Yrpainu, Kuig

Y poboTi mopiBHIOBAIKCS OCOOIMBOCTI SAEPHO-
SIEPHUX MOTEHITANIIB B3aEMO/Iii, OTPUMAaHUX Y paM-
Kax pI3HUX MiAXOMiB. SIaepHO-SIepHUN TOTEHITaI
00paxoByBaBcsl B HAOMMKEHHI (YHKLIOHAITY T'yCTH-
HU eHeprii [1], y Mozxeni moaBiitHOI 3ropTkH [2, 3] Ta
JIBOIICHTPOBIH 000JIOHKOBIM Mozeni [4].

VY nHabnwkeHHI TycTHHH eHeprii [1] moreHmian
SIIEPHO-SIIEPHOT  B3a€EMOJII SBJISIE COOOIO0 PI3HHUITIO
MDK €Hepriero cucreMud Ha ckindeHHIH E»(R) Ta
meckinuenniit B, + E, Bigcransax:

V(R)=E,(R)-E ~ E,. )

BignoBigni eHeprii 3B’s3Ky MOKHA 3HAWTH, 3HAIOUYH
TYCTHHY PO3MOALIY HYKIOHIB y siipax Ta (yHKIio-
HaJI TYCTHHH CHEpTil saep

ExR)=[d )+, R, )+, R, (2)

E, = Ig[pl(z)p (), Piayn (7)] dr. (3)

Tyt ¢ — dyHKIioHan rycTuHM eHeprii; p;, Ta p, -
HEWTpPOHHA U MPOTOHHA TYCTHHH MEPUIOTO sIpa
BIZNOBIZIHO; p5, 1 P2, — HYKIOHHI TYCTUHH JIPYIrOro
spa; R — BiCTaHb MiXk [IEHTPAMHU Mac siIep.

IToTenttiany MoABIHHOT 3rOPTKA OCTaHHIM YacOM
LIMPOKO BUKOPHCTOBYIOThCA Y siAepHil dizumi[2, 3].
Jns moOyJ0BH TOTEHLIANY SACPHO-SJCPHOI B3ae-
MOIl B paMKaxX METONIy IMOABIHHOI 3ropTkKm HEo0-
XIJIHO 3aJaTH TOTEHIiaJl HYKJIOH-HYKJIOHHOI B3a€-
MoZii V' Ta po3NOAiTN HyKIIOHHUX TYCTUH OCHOBHO-
O CTaHy pPi(2) Y AApax, M0 31ITOBXYIOThCS:

Vor(B) :jdﬁd%ﬂ(ﬁ)F () + 2, B)WV(R+E =T py(F).

“4)
Y nmaHoMy BUNAAKY #; 1 r; — pajiiyc-BEKTOpH, IIO
3a7a0Th TOJOKEHHS B3a€MOJIIOYMX HYKIIOHIB Y
CHUCTEMaX KOOpIWHAT, MOB'SI3aHUX 13 IICHTPAMU Mac
siiep, a R — BIICTaHb MIXK LICHTPaMH Mac siiep.
JBouieHTpOBa 000IOHKOBA MOZEHL 0a3yeThcs Ha
MIX0I TYCTUHHU eHeprii. ['ycTuHa po3momiay HyK-
JIOHIB Ta TYCTHHA CHEpril MpH IbOMY pO3paxoBY-
IOTBCSI B paMKax o000JI0HKOBOi Mozeni. Benmkoro
MepEeBaro0 B JAHOMY BUIAJIKY € Te, IO JBOICHTPO-
Ba 00OJIOHKOBa MOJIETh Ja€ 3MOTY SIBHOTO Bpaxy-
BaHHS aHTHCUMETPU3aLlii HYKJIOHIB.
Hamu nmetanmbHO JOCHIKYBaBCsS BIUIMB Ypaxy-
BaHHs mpuHIUNY [laym Ta aHTUcHMeTpu3allii Ha
dbopMy sIEpHO-SAEPHOTO IMOTEHIaTy, TAKOXK PO3-

TJBIIANIOCS SIBUIIE TMOJSIPH3allil aTOMHUX saep Y
mporieci iXapoi B3aemoxii. OOUNCIeHHS TPOBOINIH-
cs1 st cucteM °0 + °O ta *Ca + *°Ca. ITpu o6pa-
XYHKY MOTEHIialy BPaxOBYBaJHCS SK MOHOIIOJIbHA,
TaK 1 KBaApyHoJIbHA TOJIspu3anii aToMHuX siiep. Lle
03Hayae, 110 Aapa B IPOIEC B3aEMO/IIT MOXKYTh 3Mi-
HIOBaTH CBOi po3MipH Ta ¢opmy. [Ipu obuncnenHsax
BUKOpHCTOBYBanucs cuian CkipMma Ta 3alie)Hi BiJ
ryctuan cr M3Y (DDM3Y) ta M3Y—Raid.

1 V. meB

MOH+KBAJIP

T T T T T T 1
4 6 8 R,om 10
[MoreHuian siiepHO-saepHOT  B3aeMoAii sl CHUCTEMH
'°0 + '°0, onepskammii B paMKax ABOLEHTPOBOI 0GOIOH-
koBoi Mogem. Tyt Vyoy — MOTEHIaNn 3 ypaxyBaHHIM
MOHOIIOIBbHOI NOJApU3allii; Vipasp — HOTEHIIAN 3 ypaxy-
BaHHAM KBaJpPYyIOJBHOI moysipu3aii; Vmvonxeage — MO-
TEHI[iaJl 3 YpaxyBaHHSAM SK MOHOIIOJBHOI, TaK 1 KBaJApy-
MOJIBHOI moJsipu3anii; Vyy — MoTeHmian 6e3 ypaxyBaHHS
MOJISIPH3ALLii.

[lopiBHAHHS TOTEHIIaNIB, OTPUMAHUX Yy PI3HHUX
HaOMKEHHAX JJIS JTBOIICHTPOBOI OOOJOHKOBOI MO-
Jeni (pUCYHOK), JJa€ 3MOTY 3pOOHMTH BHUCHOBKH, IO
pealliCTHYHUH MOTeHIiaN SAepHO-IepHO] B3aeMOIii
Mae BpaxOBYBAaTH SK SIBUIIA aHTUCUMETPHU3AIIii, TaK i
SBUIIA TONApHU3alii HYKJIOHIB y sapaX. [TopiBHSHHS
MOTEHIIAMIB, OJIEPKAHUX y paMKax pi3HUX MiAXOIB,
yKa3ye Ha HEOOXITHICTh BPaxXOBYBaTH TaKOX BHYT-
pilIHIO KiHETMYHY EHEpTil0 HYKJIOHIB. BHsBICHO
CYTTEBHH BIUIMB YCiX UUX ABUII HAa (popMy MOTEHL-
ay B3aeMOJIii.

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

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

3. Dao T. Khoa and W. von Oertzen, Phys. Lett. B 304,
8 (1993).

4. D.L. Brink, F. Stancu, Nucl. Phys. A243, 175 (1975).
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AHAJII3 ®A30BUX TPAEKTOPIA MYJIbTUD®PATMEHTAIII SIIEP

JI. A. Byaasin, B. M. Cucoes, K. B. UepeBko

Kuiscokuii nayionanvnuu ynisepcumem imeni Tapaca Llleguenxa, Kuig

ExcnepuMeHTanbHe criocTepekeHHs] MHOKUHHHUX
(parMeHTIB cepelHbOi MacH YacTo TOB’s3YIOThH i3
(ha3oBuM mepexomoM “pimuHa - Ta3” B SAACPHIA Ma-
Tepii [1]. BuB4eHHs LOrO HpoOLECY € HAA3BUYANHO
BKIMBUM, OCKIJIBKH SIBHINE MYJIbTH(parMeHTarlii
JIa€ 3MOTY IOCIHIKYBATH PIBHSIHHS CTaHy SAEpHOI
Martepii B CKIHYCHHUX 00’€Max, BU3HAYATU Koeilli-
€HT CTHCIHMBOCTI simepHoi marepii. BaxmuBum s
BHUBYCHHS € 1 TOM (hakT, IO TaKi JOCIIIHKEHHS Ma-
I0Th 0ararto CIIBHOTO 3 CYCIIHIME po3ainamMu ¢i3u-
KM, TakuMHU fK ()i3MKa KOHJCHCOBAHOTO CTaHy Ta
cTarucTu4dHa ¢izuka [2].

He3Baxkatoun Ha BEIHMKY KiJIbKICTh iICHYIOUHX Te-
Opili MOXKHA 3 TIEBHICTIO 3a3HAYMTH iICHYBaHHS Nepe-
X0y pimkoi (a3 B Ta30BY IPH MPOTIKaHHI SBUIIA
MyJIbTH(ppPArMEHTAIlli B SACPHUX CHCTEMax. 3 IIiel
TOYKH 30pY Ay’K€ BOKJIMBO BiJI3HAYHUTH, IO TEPMO-
JUHaMiYHa TOBeNiHKa s/iepHOi Marepii Mae Oararo
CHUTBHOTO 3 TEPMOJIMHAMIYHOIO ITOBEIHKOIO KIacH-
yHuX (mroigiB. Di3MYHOI0 OCHOBOIO Ui I[OTO €
sKicHa MOZAIOHICTh HYKJIOH-HYKJIOHHOI Ta BaH-Iep-
BaanbciBchkoi B3aemomii [3]. Lle#t daxTt miaTBep-
JOKYETBCSI THM, IO 130TepMU siJIepHOT MaTepii (B3ae-
mopisi Ckipma 3 Teopieto Xaptpi - Doka ans CKiH-
YEeHHHUX TeMmIieparyp [4]) MarloTh Taky caMmy CTPYK-
TYpy, K 1 i3oTepmu razy Ban-nep-Baanbca. Taka
MOJIIOHICTE JJa€ 3MOTY 3pOOUTH TMPHUIYIICHHS, 10
JUIL OIUCY SACpHOI MaTepii MOXKHA 3aCTOCYBaTH
ITiTXO/IW aHAJIOTIYHI 10 THX, [0 BUKOPHUCTOBYIOTHCS
NPY OMHCI KJIACHYHUX PiJUH.

IepimuM KpOKOM NpH JOCHTIHKEHH] SIBUIA MYJIb-
tadparMeHTamii saep MOBUHHO OyTH TOCIIIKCHHS
HAKWIIPOCTIIIOTO BUMAJIKY, IO SBJISE COOOI 3ITKHEH-
HS BHUCOKOGHEPIeTUYHOTO TMPOTOHA 3  SAPOM-
MIIIeHHIO. Y IIbOMY BHTIQJIKY BijlTagae HeOOXiTHICTh
JIOCTIJDKYBATH €JIINTHYHI TOTOKH, HeMa HEOOX1JHOCTI
BpPaxoOBYBaTH CTHCKaHHS SIEPHOI PEUOBHHH TOLIO.
[lepmmmM erarom pocmimkeHp OyB aHami3 (ha3oBHX
TPAEKTOPii 30yKEeHOI SAEPHOI CHCTEMH B TUIOIIHHI
3MiHHUX P-V. [Ipu 11boMy BpaxoByBaJIMCh OoOMexe-
HICTb CUCTEMH Ta BiZIOMi 3aKOHH, IO OTMHCYIOThH IO-
BEIIIHKY KJIACHYHHUX CHUCTEM 3a aHAIOTIYHHUX YMOB Y
CIIIHOIAJIBHIN Ta MeTAacTaOlIBHIN 00IACTSIX.

3aragbHUM BHUIIAJKOM € TaKHH, IO HA MOYATKY
Ipolecy cucreMa 3HaxoauTbes B Touli L daszoBoi
nmiarpamu (pucyHok). HacTtymHa eBosrorist cucreMu
CYTTEBUM YHMHOM 3JIC)KHUTH BiJl €Heprii 30y HKeHHs,
MacoBOI'0 YHCJIa Ta PO3MOAUTY eHeprii BcepeauHi
cucreMH. Take MOYAaTKOBE IOJOXKEHHS CHCTEMH B
toumi L a3oBoi miarpamu mepembadae iCHyBaHHS
JIBOX PI3HUX TPy MOXJIHMBHUX (a30BUX TPAEKTOPIiii:

[IOPIUHUK - 2011

onHO(a3HUX TMEPEXOiB, IO MO3HAYECHI MYHKTUPHU-
MU JiHISIMH, Ta ABO(a3HUX MEpexO/iB, TO3HAYEHUX
CYIUTBHOIO JTiHI€0. OYeBHIHO, 110 MOXKYTh iCHYBa-
TH ¥ 3MilIaHi MEepexXoau, NPHU SKUX Pi3HI YaCTHHH
cuctemMn OymyTh MaTH pi3Hi (a3oBi Tpaekropii. Y
poOOTI OKpEeMO PO3TISIHYTO KOXKHHHM 13 MOXKIHBHX
Ha0OpiB (a30BUX TPAEKTOPIM.

v

MosknuBi (a3oBi miarpamu SAEPHOI CHCTEMH B SBUIII
MyJIbTU(parMeHTauii siuep.

AHai3 3a3HaYeHUX MEXaHi3MiB pyiHyBaHHS J1aB
3MOTy 3pOOHUTH TaKi BUCHOBKH [5]:

1. ChniHopmanmpHHH pO3Maj HE MOXE CIYryBaTH
MEXaHi3MOM sIBHIIa MYyJbTU(parMeHTamii depes
pPO3Mip CHCTEMH.

2. Haii0inpin aickBaTHUM KaHAJIOM SIBHILA MYJIb-
TU(parMeHTalii € MexaHiuHe pyiHyBaHHS 00OJOH-
Ki B OAHO(MA3HOMY IIPOIECi, MO0 MOXKE CYIpPOBO-
JOKYBaTUCh KUIIHHSIM B METacTaOlnbHIA 001acTi.

3. OOHUM 13 MOKJIMBUX MEXaHI3MiB, 10 BiAIOBI-
JTAIOTh 3a SBUIIE MYJIbTH(parMeHrarii, Moxxe OyTu
KHITIHHA B MeTacTaOlnbHIAH 007acTi BHYTPIIIHBOT
YaCTHHU CHCTEMH.
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4. H.Jaqaman, A.Z. Mekjian, and L. Zamick, Phys. Rev.
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PEAKIIA PO3BAJIY CJIIABKO3B’A3AHUX YACTHHOK
Y 1oJI AJEP: «PRIOR»-IIIAXI

O. B. baoak, |K 0. TepeHeuLKnﬁ,| B. I1. Bepounupbkuii, O. JI. 'puropenko

Tncmumym soepuux docnioxcenv HAH Yrpainu, Kuis

CTBOpPEHO aJrOPUTMHU 3arajibHOrO TMiIXOAY [0
pO3paxyHKy Tepepi3iB po3Baily CiIabKo3B’sI3aHHIX
YaCTHUHOK, SIKI € JABOKJIACTCpHUMH CHCTEMaMH, Y
moni sigep. Ha mpukiani JedTpoHa po3paxoBaHO
nudepeHITIATBHIN ITepepi3 peakIlii po3Bay.

Buxozstuu 3 piBHSIHHS

(E-K-V,-U,-V, )¥ =0

Ta 3araJbHOTO BHpa3y aMIUTITYIU Peakilii po3Bany y
HabIKeHHi 1e)opMOBaHUX XBWIB [ 1, 2]

=¥V, -V, lzi0),

ne W™ — noBHa xBUIIbOBA (YHKIIS BUXIJHOTO KaHa-
ay; V,, Va— xynoniBewki notenuianu; U, U, — aae-
pHI TOTeHLiaaM BIANOBIIHMX 4YacCTUHOK; V,, —
MOTEHIia] B3aEMOIii B N-p Mapi, OTPUMYEThCS BUPA3
JUTS aMIUTITYAR PO3BaITy IEHTPOHA Y «Prior»-miaxoi
MeToIy 1e(OpPMOBAaHHUX XBHIIb

IOt = (2 |U, +U, +V, =V, lie) . (1)

VY upoMy BUpasi ¥, — (QYHKIiS BITHOCHOTO PyXy
HE3B’SI3aHOI N-p Mapu y BHXIJHOMY KaHami; ), —
(GyHKLIS BiJHOCHOTO pPyXy NEHTpOHa Yy BXiTHOMY
xanani; Ky =G,+4,. f=(4,-4,)/2; ¢, — xou-
Jp0Ba QPYHKIiSI OCHOBHOTO CTaHy JEHTpOHa,
ifr

a+if r

_ & 1 e
(2 e’ —

2),

XBUJIHOBA (DYHKITISI KBa3i3B I3aHOTO CTaHy JACHTpOHA.

UmcenbHi po3paxyHKH TMPOBOAWINCE IS peaKiii
po3Bany jeiiTpona mpu B3aemonii 3 supom “C mpu
eHeprii meitporna 56 MeB 3 BHIBOTOM IPOIYKTiB
peaxiii migx HyJbOBHMHU KyTaMH. 3a TaKMX KiHema-
TUYHUX YMOB peakuii BUOip XBUIBOBOI PyHKIIT n-p
napy y BUXiJTHOMY KaHaji K NOoOYTKYy (QyHKIi KBa-
3i3B’s13aHOTO CcTaHy (2) 1 QyHKHIl pyXy n-p mapu siK
iloro Moke OyTH BUTIIpaBAaHUM. Pesynbrat po3-
PaxyHKiB y TIOpiBHSIHHI 3 €KCIIepUMEHTOM [3] mpen-
CTaBJICHO HA PHCYHKY.

3 pUCyHKa BHIHO, III0 OCHOBHY poOjb Yy (opmy-
BaHHI Tepepi3iB y BHOpaHiil o0macti KoHITYypartiii-
HOT'O MPOCTOpY BiJirpae KyJOHIBCHKHMH pO3Baj, a
BIUIMB SIACPHUX CHJI HE3HAYHHH.

250 —
200
150

100

o(E, 6,8, (MG NED

50 4

E, MeB
[TopiBHSHHS pO3paxyHKIiB po3Baly IEHTpOHA IMPH PO3-
CisHHI Ha Aapi 12C 3a eneprii 56 MeB 3 excriepuMeH-
ToM. [IpoTOHM 1 HEWTPOHM BMIIITAIOTH MiJ| HYJIHOBHMH
kyTamu. CyIUIBHOKO JIHIEI TOKa3aHO PO3PaXyHOK 3
SEPHUM Ta KYJOHIBCHKUM ITOTEHIIaJI0OM, IITPUXOBOIO —
JIUIIE 3 KYJOHIBCHKAM TOTCHITIATIOM.

Sk MoKHa Oa4YHTH TaKOX, pO3paxoBaHi mepepizu
CYTTEBO PO3XOMAATHCSA 3 BUMIPSIHUMH EKCHEPHMEH-
TanbHO. [IpUYMHAMHU TaKOTO PO3XOPKEHHS MOXKYTh
OyTH nexinbka (QakTOpiB: Ha PHUCYHKY TEOpPETHYHI
nepepizu po3paxoBaHO TOYHO Ui HYJIBOBUX KYTiB
BWJIBOTY HEHTpOHA Ta TPOTOHA, TOJI SIK EKCIIEpUMe-
HTaJIbHI JIaHl € Pe3yJIbTATOM YCEpEeIHEHHS 110 Tiiec-
HOMY KyTy IETEKTOpiB, IO CTAaHOBHTH 13,5°, a, sk
MmoKa3aHo B pobOoti [3], mepepisu po3Baily pi3Ko
3MEHINYIOThCS 13 30UIBIMIEHHSIM KyTa CIOCTEPEKeH-
Hs. KpiM TOro, MOXIIMBUM € BIUIMB MPOLECY PEKOM-
OiHarlii YaCTUHKH, 1110 PO3BATHJIACS.

1. G. Baur and D. Trautmann, Phys. Rev. Lett. C 25, 293
(1976).

2. F.Rybicki and N. Austern, Phys. Rev. C 6, 1525
(1972).

3. H. Okamura ef al. Phys. Rev. C 58, 2180 (1998).
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SANEPHA O®I3UKA

YPAXYBAHHSI E®EKTIB JPYIOro HOPAAKY B AMILITYIAX
PO3BAJIY JEMUTPOHA ATOMHUMMU AAPAMU

|K. 0. Tepeﬂeubknﬁ,| O. B. baoak, B.II. Bepouusbkuii, O. /. I'puropenko

Tncmumym soepuux docnioxcenv HAH Yrpainu, Kuis

Peakii pparmenTartii simep € MUPOKO 3aCTOCOBY-
BaHWM I1HCTPYMEHTOM BHBUEHHS B3a€EMOIIi CKIIaI-
HUX saep. JJocipkeHHS TakuX peakiiii 1ae 3Mory
3pOOMTH BHCHOBKH SIK HPO CTPYKTYpy SAep, IO
3IITOBXYIOTKCS, TaK 1 MPO MEXaHI3MHU IIPOXOKEHHS
SIIEPHUX peakiiil 3a yyactio mux sipep. CBoro yacy
BUBYCHHS PO3Baly ACHTPOHIB Ha siApax — i30Tomax
OJHOTO €JIEMEHTa MNPUBEJIO A0 BIAKPUTTA e(deKTy
Himmst [1]. Po3Ban nmelitpora no0Ope TOCIIKEHUI
eKCTIIepUMEHTalIbHO. BUMipsHO mepepi3u B IIMPOKii
o0JacTi eHepriii Ta KyTiB BUWIBOTY MPOIYKTIB peak-
Iii Ha BEJWKIA KUTBKOCTI simep MimeHi. [aTepmnpera-
i WX AaHUX Y paMKaxX Cy4YacHUX TEOPETHYHUX
MiJXO/MiB, TaKUX SK METOJ Jc(POPMOBAHUX XBUJIb,
amibatnaHuil MeTonm, AMQPAKIIAHANA TiaXix Ta iH.
MoKazajia, M0 SIKICTh OIHUCY eKCIepHUMEHTaIbHUX
JaHUX CYTTEBO 3alIeKUTh BiJ 00aacTi KoHQirypa-
LiHHOTO MPOCTOPY, AJIS AKOI MPOBOIATHCA PO3Paxy-
HKH. SIKIII0 TPOTOH Ta HEUTPOH IIICISA pO3Baly Iei-
TPOHA BHIJIITAIOTH IO Pi3HI OOKH MaJaloyvoro mydka
JIEUTPOHIB, TO JaHI ONMUCYIOThCA JOCUTH mobpe. Ko-
7Y K KYyTH BIJIBOTY 3HAXOZSATHCS 10 OJUH OiK IMyuKa,
Y3rO/KCHHSI 3HAYHO IMOTIPUIYETHCS, a MPH KyTax
BUJIBOTY ONU3BKHUX 1O Hyna (0OMIBI YaCTHHKH Jie-
TATH yHepen) Uil Y3TO[DKEHHS TEOPETUYHHUX pe-
3yJILTATIB 3 €KCIEPUMEHTAIHLHUMHU HEOOXiJHE Tepe-
HOpPMYBaHHS NpuOIU3HO Ha Qakrop 2 [2, 3]. Mox-
JUBOK0 TPUYMHOIO Ii€i OCOONMBOCTI € Te, 10 He-
3B’A3aHa N-p [1apa, 33 YMOBHU BHJIBOTY y BY3bKOMY
KOHYCIi, BCTHTA€ B3a€MOMISITH i peKOMOiHyBaTH.

VY pamkax MeTony aeOpMOBaHUX XBHIIb PO3POO-
JIEHO TCOPETUYHUH IMiIXi, 0 Ja€ 3MOTY BpaxyBaTh
e(eKTH IPyroro MopsiAKy B aMILTITY/i pO3BaITy JAek-
TpOHa ATOMHHUMH SIIPAMHU.

(E-K-V,-V,)¥ =0. (1)

Buxonsun 3 piBHsHHA (1) Ta 3aranpHOTO BHpa3y
JUTSL aMIDIITYId pO3Bajly JEUTpPOHA B «prior»-hopmi
MeToay 1e(OPMOBAHHUX XBHIIb
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T=(¥|r, -V xio). (2)

ae V,, V; — noreHuiaaM KyJOHIBCBKOI B3aeMOAii
BIANOBIJIHUX YaCTHUHOK, V,, — IOTEHIia]l B3a€EMOJIII B
n-p mapi, ;(;;d — (YHKLIs BIAHOCHOTO PYyXy AEHTpO-
Ha y BXIIHOMY KaHall, ¢, — XBHJIbOBa (yHKIIsA
OCHOBHOT'O CTaHy HAJITalOuoOro ICUTpoHa, Y~ —
MOBHA XBWJIbOBAa (YHKIiS N-p Mapd y BHUXITHOMY

KaHaJll) OTPUMAHO IONPABKY JPYroro IOPSIKY IO
B3aemoxii V.

T=T"""" 4 AT,

DWBA __ — ik,F,
T - <Z »€ Vnp

Xi00)»

Vo (E=K=V,)7,

T=(x:0, Xi%0)»

I ¥ — KyJIOHIBCbKa XBHJIbOBA (pyHKIis neHTpt Mac
n-p Mapu y BUXiJTHOMY KaHali,

- ifi
— lﬁ 1 el !

pp=e -

a+if r

— XBWJIKOBA (PYHKIiS BHYTPIIIHHOTO HE3B’S3aHOTO
crany aeiiTpoHa, f = (9,-4,)/2.

Bkazana momnpaBka A7 BpaxoBY€ B3a€MOJIIO N-p
Mmapy y BUXITHOMY KaHaji ( MOXXe OyTH CyTTEBHUM
BHECKOM Y Mepepi3 po3Bally NEHTPOHIB MpPU KyTax
BHJILOTY TPOIYKTIB peakiii, OJM3BKUX Mik cO00I0
a00 OJIM3BKUX IO HYJIA.

Po3pobneHo anroputMu po3paxyHKy IOJATKOBOI
amrutityu AT BUKOHAHO TECTOBI PO3PAXyHKH JJIst
BHIIAJIKy pO3Bany AeiTpoHa Ha sapi '-C.

1. O.F. Nemets et al.,,Sov. J. Nucl. Phys. 1, 722(1965).

2. H. Okamura et al., Phys. Rev. C 58, 2180 (1998).
3. I. Tolstevin et al., Phys. Rev. C 57, 3225 (1998).
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AHOTAIIII POBIT

JTAPPAKIIMHA B3AEMOJISI JEMTPOHIB 3 SIIPAMH “C i 'O

B. II. Muxaiiok, O. /1. I'puropeako

Tnecmumym soepuux docnioxcenv HAH Yrpainu, Kuis

B ocTanHi poku BenuKuil iHTEpec BUKIMKAE I0-
CJIIJPKEHHSI B3a€MOJI] JeTKUX CJ1a0K03B’s3aHUX 4Yac-
THHOK 1 JIETKUX 10HIB 3 EHEpri€ OJIM3bKO
100 MeB/nyknoH 3 aTOMHUMHU SIIpaMu.

[Ipu BUBUYEHHI B3aeMoAii TaKMX YaCTUHOK 3 SII-
pamMH MOKHa CKOPUCTATUCS IUPPaKLUiHHOW MOJEN-
J10, B SKIA BBaXKAETHCS, IO aMILUNITYAH B3a€MOJIii
CTPYKTYpHHX KOMIIOHEHTIB HANiTAl04oro sapa 3
SIPOM-MIIlIeHHIO0 BigoMmi. Takwii miaxim 3a3BUdait
BUKOPUCTOBYETBCSI JUISI BHBUCHHS XapaKTEPUCTHK
PO3CISIHHS YaCTHHOK, SIKi CKJIaJaloThes 3 JBOX Kiac-
TEpiB PI3HUMH aTOMHUMH SIAPAMH.

VY nauiii po0OOTI B SIKOCTI HAJITAIOYOI0 SIpa PO3-
IIS1a]MCh BUCOKOCHEPreTHYH1 JeHTpOHH, sIKi SIB-
JSIIOThCS. HAWMPOCTIIION JIETKOIO CIa0KO3B’SA3aHOI0
YaCTHUHKOIO, IO CKJIaJA€ThCsl 3 JIBOX KIIACTEPIB.
OxpiM Toro, BUOIp AEHTpOHA B SKOCTI 00’€KTa J0-
CIIPKEHHS OOYMOBIIOETBCS IIE€ W THM, L0 B pe-
3yJbTaTi B3a€MOJil NEHTPOHIB 3 SapaMH BHHHKAE
OUTBII IIMPOKHUI CIEKTP KIHIIEBHX CTaHIB y TOpiB-
HSIHHI 3 0€3CTPYKTYPHHMH HATITAIOYMMH YacTHHKA-
MH, IO Ja€ 3MOTY OTPHMAaTH BXKJIHMBY iH(OpMAILi0
LIOA0 BHYTPILIHBOI CTPYKTYpH Ta XapaKTEPUCTHK
B3a€MOJIT C1a0K03B’A3aHUX YACTHHOK 3 SIpaMH.

VY poboti B pamkax audpaxuiifHoi Momeni Ta
0-KJIACTEPHOI MOJEJIi 3 IUCIEPCi€l0 OTPUMAHO aHa-
JITHYHI BUPa3H YIS aMIUTITYH MPYXKHOTO PO3CisH-
s neiitponis sapamu °C i '°0. Ha ocHoBi HaBese-
HHX BUpPa3iB po3paxoBaHO AU(EPEHINIaTbHI Tepepi3n
Ta aHani3yroui 3patHocti d-'°C Ta d-">O poscisuus
npu eneprii 700 MeB [1, 2]. [Ipu po3paxyHkax Bpa-
XOByBaJlach O-KJacTepHa CTPYKTypa siIpa-MilleHi, a
TaKOX CIIIHOBA CTPYKTYpa HAIITAIOUOTO Spa.

PesynpTatn mpoBeneHUX PO3paxyHKIB IS SiACP
'°0 [2] npeacTaBiIeHO Ha PUCYHKY.

3 pucyHKa BUAHO, IO TPEICTABICHUH MiAXiT 10-
3BOJISIE OMMCATH HAsSBHI CKCIIEPUMEHTAIBHI JaHi 0e3
BUKODHUCTAHHsS [apamerpiB, INO MiATaHAIOTHCS.
IIpencraBnennii miaXix TAaKOXK A€ 3MOTY CIPOTHO-
3yBaTH TOBEAIHKY TMOJSIPU3AIIMHUX XapaKTEPUCTUK
PO3CisiHHSI, IO I1Ie HE BUMIiprOBaIUCh [1].

22

d-"0 E =700 MeB
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Judepenmiansauil Iepepi3 Ta aHaTi3yrodi 3AaTHOCTI IS
TIPYXHOTO PO3CiSHHA NeHTPOHIB sxpamu °O mpu eneprii
700 MeB. ExciepumenTanbHi aaHi 3 podotu [3].

Crin 3a3HAYNTH, 10 B JAHOMY MIAXOMdI 30ir MiX
PO3paxOBaHUMH Ta BUMIPSHUMHU MOJSPH3AIHHUMUA
XapaKTePUCTUKAMH PO3CISIHHS HOCHUTH IUIIE SKic-
HU xapakTtep. Taka moBemiHKa po3paxoBaHUX Xapa-
KTEPUCTHK PO3CISHHS MOKe OyTH IOB’s3aHa 3 Ha-
OJIMKCHHSIMU, 1110 BUKOPUCTOBYBaJIMCh B [1, 2]. Jla-
HE MMUTaHHS MOTPeOYe TOAATKOBUX JOCITIKEHb.

1. B.IL Muxaiimok, [I.B. ®enopuenko ta O.[l. I'puro-
penko, SnepHa ¢isuka Ta enepretuka 12, Ne 2, 145
(2011).

2. B.II. Muxaitmok, [I.B. ®enopuenko ta O.[. I'puro-
penko, SnepHa ¢disuka ta eHepreruka 12, Ne 3, 221
(2011).

3. Nguyen Van Sen, Ye Yanlin, J. Arvieux ef al., Nucl.
Phys. A464, 717 (1987).
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HOHM3ALIUSL PA3JIMUHBIX OBOJIOYEK ATOMA IPU AHHUTWISILIUHU
MO3UTPOHA, UCIOYIIEHHOI'O B MPOLIECCE B*-PACHAJIA

C. H. ®enoTknn

Hnemumym adeproix uccredosanuii HAH Yxpaunol, Kueg

Ipoumecc P'-pacmaga MOXKET COMPOBOMKAATHCS
BO30Y)KICHHEM JOUYEPHETO sIpa WM aTOMHOH 000-
JIOYKH TIPY aHHUTWISILUU MCITYIIECHHOTO MO3UTPOHA
C OJJHMM U3 3JIEKTPOHOB JJ0YEpHEro atoma. Bo30oyx-
JleHHe JIoYepHEro saapa ~Sc Npu aHHUTWIALMH T10-
3UTpOHA, MCHyIeHHoro mpu B -pacmane sapa “Ti,
C 2JIEKTPOHOM JIOUEPHET0 aToMa HCCIEA0BaICs JKC-
nepumenTtansHo [1]. B pabote [2] Obu1 3y4eH npy-
roi Oe3paiualMOHHBIA IpoLecC, KOTAa aHHUTHILA-
U TO3UTpPOHA mpoucxoautr ¢ K-amexTpoHoM, a
BBIJIETICHHAs TPU 3TOM 3HEPrus nepenaercs Apyro-
My K-anextpony. B HacTosmmeii pabore paccMmarpu-
BaeTCs aHAJIOTUYHBIN IPOLIECC, B KOTOPOM B Pe3yJib-
TaTe aHHUTWIALMK 1Mo3uTpoHa U K-amektpona 1o-
YEepHEero aToMa SHEepPrus NepefaeTcs JIIEKTPOHY C
opOuTtanpbHEIM MoMeHTOM |1 =0 u3 L, M mu N ciost
(cooTBeTCTByIOIME KBAHTOBBIE YHCIIA N PAaBHBI
n =2, 3, 4), B pe3yabTaTe 4ero OH OKUAAET aTOM.

Huarpamma @eifHMaHa, COOTBETCTBYIOLIASL 3TO-
My Tpolrieccy, n3o0pakeHa Ha pUcyHKe. 31ech [ U
F - HauanmbHOE M KOHEYHOE COCTOSIHHUSA S7pa; €, U

€,s - ATOMHBIC DJIEKTPOHBI, V - HEHTPHHO; @ -

JHEPrus, nepegaBacMasi B pe3yJibTaTe aHHUTHIISLAN
TTO3UTPOHA U 1S -37IeKTpOHA DIIEKTPOHY N-000JIOYKH,
BBUICTAIOIIMM B HEIPEPBIBHBIN

e 3JIEKTPOH,

£
CIICKTP. HonyquO CICAYIOUICC BBIPAXKCHUC Jid

BeposiTHOCTH W g p AHHUTHIDILHE  HCIyICHHOTO

+
npu B -pacmazne nmo3utpona ¢ K-anekrponom nouep-
HEro aToMa W BHIOMBAHWM M3 aTOMHOUW O0OJIOYKHU C
KBAaHTOBBIM YHUCJIOM h S-3JIEKTpoHa [3]:

4o’ (Zm

6
) 52
BK.n 3 |MF1 1

+ B
n FK.n
I - MOCTOSIHHAs TOHKOW CTPYKTYpBL;, Z - 3apsil
AIpa; m - macca JIEKTpoHa; M’ - sjepHblii Mart-

19 + .
puuHbIA 2eMenT B -pacmana; [, x.n - MHTETPAJ 10

BCEM JOIMYCTUMBIM DHEPTUsM HEUTPUHO W BBLIE-
TeBiIero anekrpoHa [3]. OmnpenenacHsl OTHOLICHUS
R, BeposATHOCTM AaHHUTWIALUHN UCIYLIEHHOIO IpU
B’-pacnane nosurpoHa ¢ K-31eKTPOHOM J0YEPHETO
aToMa ¥ BHIOMBAHWM S-DJIEKTPOHA U3 AaTOMHOM
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000JI0YKH C KBAHTOBBIM YHCIIOM N Wﬁ*K nK aHaJio-

TUYHON BEPOSITHOCTH C BHIOMBAaHUEM APYTOTO DJICK-

TpoHa ¢ K-0601m09km W/ﬁ 1"

JuarpaMma, ONUCHIBAIONIAs AHHUTUISILIAIO HCITYIIEHHOTO
B mporiecce '-pacnaja Mo3uTpoHa C 31eKTpoHoM 1S ¢
nepenayeil SHeprun ® ApyromMy 3JeKTpoHy NS .

+ .
B cnyuae B'-pacnana *Ti oTHOIIEHHS BEpOST-
HocTed R, mmi n=2, 3,4 COOTBETCTBEHHO DPABHEI

0.17, 0.057, 0.025. Takum o6Gpa3oM, mporecc aHHU-
TWIAIUY UCIYIIEHHOTo Hpu 3 -pacmaje Imo3HTpoHa
¢ K-aekTpoHoMm modepHero aromMa W BEIOMBaHHE W3
aTOMHOM 06004k BTOporo K-anmexrpoHna siBusercs
3HAYUTENIHHO OoJiee BEPOSATHBIM IO CPaBHEHUIO C
MPOIECCAMHU, B KOTOPBIX aTOMHBIN AJIEKTPOH BBIOH-
BaeTcs u3 Oonee ynaneHHsix cioeB L, M, N. Ipu-
4eM 4eM ¢ Ooliee YJaJIeHHOTO CJOS N BBHIOMBaeTCS
3NEKTPOH, TEM MEHBLIE BEPOATHOCTH 3TOT0 MPOLEC-
ca, a YMCHBIIIEHHE BEPOSTHOCTH B 3HAYUTEIHLHOMN

Mepe onpeiensietcst hakTopom n” .

1. T.IIL boposzenen, M.H.Bummueckuii u B.A. Xento-
HOXCKuUH, Snep. ¢pus. 43, 14 (1983).

2. C.H. ®enmotkun, fAnepna ¢izuka Ta eHepreruka 11,
233 (2010).

3. C.H. ®eporkun, Snepna ¢isuka ta eHepreruka, 12,
335 (2011).
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CHNEKTPOCKOIMUMYECKUE XAPAKTEPUCTUKHU 'PXe

A. A. KypreBa

Hucmumym soepuvix uccneoosanuti HAH Yxpaunwt, Kues

Ha ocHoBe nrHaMHUuyecKoi KOJIJICKTUBHON MOJENIN
(JIKM) [1] paccunTaHBl CIIEKTPOCKOITMICCKIEC XapaK-
Tepuctuku '~ Xe. Ha pucyHke TpeacTaBieHa 4acTh
CXeMbI ypoBHeH ' Xe: 9KCIIePUMEHTAIbHAS, PACCHUH-
TaHHasa B paMkax JIKM 1 MUKpOCKONTUYECKOM KBa3u-
yacTuaHO-(hoHOHHOM Mojenu (MKDOM) [2].

G PXe
(]
>
[Sa
192
N 192 i 17
L5k a3p) T 132 132 —=
7 12 192
11727 "
+ 7/2 2
[E2) 112 72 L/Z
ey R =— 112 5t 132
LOF ) 277202 — = 7 ==
- (15 o 92 132 3 1
O2) 30— 1 152 T
+(13/2) ——— 12 oy
05F L (5 32 5t —
N2 _— ok 3
1 52 92 _
32 92y - 112
L3t T 32 1y A
ol 22 32 Tn 2z 12,
0= 7 7 7 7 7 7 7 7 7
KCIL JIKM MKIM

Yactb cxeMbl ypOBHEHR PXe.

B Hm3komexarmiei obiacth criekTpa BO30yx)ma-
IOTCSl TPH MOJIOCHI COCTOSTHUIM C OCHOBaHHSIMH, TJIaB-
HBIH BKJIAJ{ B KOTOPBIE AIOT MOJA000JI0UKH S,,, d), ,

h,,. OIHOKBa3MYaCTUYHBIM  SBISETCA  TOJIBKO

11/2; -cocrosiame, a 1/2] - u 3/2] -cocrosiHus

CoJlepKaT 3HAYUTEIbHBIE MPUMECH OJHOYACTHYHBIX
COCTOSIHUM W3 3aloJHAEMONW OOOJOYKH C YETHBIMU
opbutanesHeIMH MOMeHTaMu. OcTalbHble BO30YXK-
JICHHBIE COCTOSIHHs > Xe 00pa3’oBaHBI IJIABHBIM
00pa3oM CBSI3bIO 3TUX COCTOSHUII C OCHOBHOH TOJIO-
COil YeTHO-4eTHOro ocToBa '“*Xe. BepostHOCTH
JJIEKTPOMAarHUTHBIX NIEPEX0I0B, MaTHUTHBIE U KBaJI-
PYIOJIbHBIE MOMEHTHI BO30Y>KICHHBIX COCTOSIHUM
XOpOILO COTIACyHTCS ¢ UMEIOIIMMUCS DKCIIEPUMEH-
TaJIbHBIMH TAHHBIMHU.

1. T'.b.Kperma u B.E. Mutpomun, YA 16, 927
(1985).

2. J. Toivanen and J. Suhonen, Phys. Rev. C 57, 1237
(1999).
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SANEPHA O®I3UKA

BETA-PACHAJ *'Th — *'Pa

A. A. KypreBa

Hnemumym soepuvix uccnedosanuti HAH Yrpaunvl, Kues

B paMkax quHaMH4eCKON KOJJIEKTUBHOW MOJEIN
(AKM) paccunTaHbl CIIEKTPOCKOITNYECKHE XapaKTe-
puctuky ~'Pa u ommcan Gera-pacnax ' Th—*'Pa.
YV crabunsHOro aehOpMHpOBAHHOrO szpa - Pa
CBepX MPOTOHHOU 000n04KH Z = 82 umeeTcs 9 npo-
TOHOB, a CBEPX HEHUTpOHHOI oOomouku N = 126 - 14
HelTpoHOB. Mcrnonp3oBaHHBI B pacuerax Oasuc
NpEJICTaBIeH Ha PUCYHKe; OykBOil A 0003Ha4YeHBI
MOJIOKEHUSI MPOTOHHOTO W HEUTPOHHOIO XHUMIIO-
TEHIUAJIOB, JIATUHCKUMHU OYKBaMHU C HIKHUMH WH-
JIeKCaMH — OpOUTAaNbHBIC U MOJHBIE MOMEHTHI IO/
obomouek. HeHTpOHHBIN XUMITOTEHIIMAT HAaXOJUTCS
BBIIIIE NMPOTOHHOTO, UMEHHO MO3TOMY IMPOUCXOAUT
B -pacman.

207 >—p. e
] f /2
Eh 52 ff/z
M %fz )
4+ 72 Jisn
| — S Lin
1719/2 A

&»
Sr S, FI/Z
d3 5 )
h Py
2f d, £
n
= h,,

-16 P
&, 12

b;,

2ol fs/z

Pa3HoCTh MEXIy XUMIOTEHIIHATIAMH KOPPEIHPY-
eT ¢ sHeprueil Oera-pacnaga Q = 389 w3B. DToT
M30TON OTIWYaeTcst oT saep u3 obmactu A = 100
0oJpIIel TIOTHOCTHIO YPOBHEH M CHIIBHOM HENH-
HEUHON 3aBUCUMOCTBI) CTPYKTYpPBl COCTOSIHUM OT
TpeX BapHALlMOHHBIX IAPaMETPOB MOZCIIH.

Bera-pacnax uzger ¢ ocHOBHOro 5/ 1) -cocrosHus

#!Th. B BONHOBYIO (BYHKIIHIO STOTO COCTOSHHS B

% -IIPESICTABICHHH MOJC/IH HPHMEPHO OIMHAKO-

BBII BKIIAJ JalOT BCEe MOAOOOJIOUKH M3 3arojIHse-
MO# 00OJIOYKM C YETHHIMH OpPOHUTaIHLHBIMH MOMEH-
TamMu 1 ¢ K =1/2, T. €. COCTOSHHE HUMEET IIOYTH
YUCTO «BpamaTellbHyo» mpupony. C MaKcHMallb-
HOM MHTEHCHBHOCTHIO M BEPOSTHOCTBIO OeTa-repe-

Xoml mAyT Ha 5/27 - m 7/2F -cocrosus >'Pa,
()
KOTOpBIE B f ;¢ ~TIPEICTABIEHUH ABJIAIOTCA HIIEHAMHU

) 1
BpalaTceJIbHOU TI0JIOCHI. B F'](R) -IpCACTaBJICHUU

JKM onm oOpa3oBaHbI (TJIaBHEIM 00pa3oM) CHIIb-
HOH CBSI3bI0 OJHOKBA3UYaCTUYHOIO COCTOSIHUA i,
¢ (OHOHHBIMU COCTOSIHHUSMH OCTOBa C MOJHBIMHU
mMomeHTamu R = 4, 6, 8 u naxe R = 10 (mus 7/2 -

coctosinus). He Menee crnoxna ctpyktypa 3/2{ - n

5/2; -COCTOSIHMIA, MHTEHCHBHOCTH IEPEXOAOB Ha

KOTOpBIE IPUMEPHO B 3 paza MEHbIIIE.
B tabnuie npuBeneHo CpaBHEHHUE PACCUUTAHHBIX
lg ft ¢ sKcHepUMEHTaJbHBIMH: B IEPBOM CTpOKE

yKa3aHbl CIIMHBI COCTOSIHUM, Ha KOTOPBIE MPOHCXO-
JST OeTa-TIepexo/ibl, BO BTOPOH — IKCIIEPUMEHTAIIb-
HbIE 3HAYEHUS] PHEPTUH ITHUX COCTOSHHM, Janee —
WHTEHCHUBHOCTHU TNEPEXOA0B, IKCIIEPUMEHTAIbHbBIE U
paccuMTaHHbIC 3HAUYeHUs g f7.

CpaBHeHHe PACCYUTAHHBIX M IKCIIEPUMEHTANBHBIX 3HaYeHuil 1g ft

I 5/27 7127 3/2] 5/2;

E. ., K3B 84,2 1014 102,3 183,5
1,% 35 37 12 12,8
lg f# , axc. 6,0 59 6,4 59
Ig ft , pac. 6,2 5,8 6,4 6,2

I[J'IH 9TOT0 dJpa paCCYUTAHHBIC 3HAYCHUS lgﬁ

c1a00 3aBUCAT OT KOJIMYECTBA YUUTBIBACMBIX KJIaC-
COB JuarpaMm, B OTJIHMYUEC OT AACp U3 obacTu
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A = 100. Hcnonp3oBaHa Ta k€ NEPEHOPMHUPOBKA
KOHCTaHT €J1a00ro B3aMMOJEHUCTBUSL, YTO U AJIS SIACP
u3 obnactu A = 100.
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ON SCATTERING CROSS SECTIONS AND DURATIONS NEAR A COMPOUND-NUCLEUS
RESONANCE, DISTORTED BY A NON-RESONANT BACKGROUND

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

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

It is found in [1, 2] that the standard formulas of
the cross-section transformations from the L-system
to the C-system are not valid in case of two collision
mechanisms. The pure cinematic transformations
from the L-system into the C-system and vice versa
are valid only for one collision mechanism.

Following [3], one can describe the exit channel
in the collision x + X — y + Y as the motion of two
out-coming wave packets, each of which has the
form like ¢, exp[i(k.,fn - &#/R)]G(r, - V,f) with
&= hzk,,z/2,u,,, v, = hk,/lt,, c, are the normalization
constants, n = 1, 2. These wave packets are practi-
cally the plane waves in the limits of the packet
functions G(r, - V,f) with the space (radial) width
>>1/k, (for quasi-monochromatic particles), which
are moving with the constant group velocities V.

Using the usual macroscopic definition of the
cross section of elastic neutron-nucleus scattering
with the help of some transformations for the exit
asymptotic wave packet of the system y + Y, in [1,
2] it was obtained the following expression for the
cross section o of the scattering in the L-system:

o= O_()(incoh)+ Gl(interf), (1)
©?
(incoh) | £()]? JC%L|7Z‘ | (2)
Oy = fdir 2 2 ?
(EZ_Eres,Z) +r /4
d(if) = \/JCHL d(irC)(ElcsﬂlC) > 3)
VELE)
E,-E, ,+il'/2
C C _ C 3
_ (2[+1)P,(ézosz91 ) 2 EC Eyés 11"/2_1 (4)
2ik, E"—FE. +il'/2
© = LS ar+npcoss e -1y,  (5)
dir 2I—CZ( +1)F.(costi )(e )>
1 I'#l
12 ,(C)
o) = fibr COLlz cos®d » (6)
E,—E, ,+il/2

Q=g+ B+, y=arg(J2, 7)) -arg( f3,)), (7)

B=arg(E,—E,,)+i[/2)", ¢ = mdk; + 1y Ak,
A162 =V 1o ATress V1, 18 the projection of the

Z'-nucleus velocity to the direction of /gll, 0, is the

l-wave scattering background phase shift. Formulas
(2) - (7) were obtained for a quasi-monochromatic
incident beam.

Here J-_; is the Jacobian of pure cinematic trans-
formations from the C-system to the L-system.

We underline that formulas (2) - (7) for the cross
section o are obtained in [1, 2] and defined by the
usual macroscopic way, taking into account a real
microscopic motion of the compound nucleus. The
formulas (2) - (7) do strongly differ from the standard
cinematic transformation of o“(E, 6)= |FC (£, @|2
from the C-system into the L-system, considering
only the cinematic transformations of the energies and
angles from the C-system to the L-system. Such dif-
ference arises because the formal expression for
O“(E, 6) was taken without consideration of the pa-
rameter ¢ = kAr + ky Ary , Al"l’z = mejl’z AT SO,
parameters fu ¢ resolve the delay-advance paradox,
caused by the virtually “unmoving” compound nu-
cleus in the C-system. The calculated data in com-
parison with the experimental data from [4] n + *Fe
are presented in the Figure.

1
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43 135 4
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Excitation function for **Fe(n, n).

Our conclusions are: (1) The delay-advance phe-
nomenon in the C-system, firstly revealed for elastic
scattering in [5], is not being observed in the
L-system, if one considers the compound-nucleus
motion, following the approach, presented in [1, 2].
(2) Here we present the results of calculations, com-
pared with the experimental data for low-energy
neutron-nucleus scattering in the L-system (se Fi-
gure), taken from [4].
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O BPEMEHU KAK KBAHTOBOM HABJIIOJAEMOM, KAHOHUYECKHU CONPSKEHHOM
SHEPI'U, 1 O BPEMEHHOM AHAJIM3E KBAHTOBbBIX U AJEPHbBIX IIPOLIECCOB

B. C. OabxoBcKHii

Hucmumym soepruix uccreoosanuii HAH Yxpaunot, Kueg

1. Bpemsi kak KBaHTOBasi Ha0Jawaaemasi, Ka-
HOHUYECKHU CONPSIZKEHHAS SJHePIruM, 1JIsl CUCTEM C
HeNpPepPBIBHBIM M JUCKPETHBIM CIIEKTPAMH.

B aBropckux crartesx [1, 2] mpencraBieHa mo-
CJIEJHSS TJIaBa KBAHTOBOW MEXaHHMKH, MTOCBSIEHHAS
BPEMEHM M SHEPTUH KakK Mape KaHOHWYECKH COMNps-
KCHHBIX KBAHTOBBIX HAOJIOAAEMBIX IUISI CHUCTEM C
HENPEPHIBHBIMUA U JUCKPETHBIMH CIEKTPaMH SHeEp-
THH, KOTopasi, 0 CyTH, JIOJITO HE pa3pabarhIBanach
nociie u3BectHoro komMmentapus Ilaynu [3]. B Hux
CTPOrO IMOKa3aHO COOTHOIIEHHE HEOIPENeICHHO-
cTei 3Hepruu-BpeMeHu AEAt > 7/ 2 , umeromee s
HENPEPHIBHOTO CIEKTpa JHEPTUl TOT ke (u3uye-
CKUH CMBICI, YTO U JJIS JAPYTHUX Map KaHOHUYECKHU
COTIPSKEHHBIX HaOIr01aeMbIX (ummysbe-
KOOpAMHATA, MOMEHT HMIIYJbCa-yIioBas MEepEMEH-
Hast). OHO BBITEKAaET W3 KOMMYTaTHBHOTO COOTHO-

[E,i]=ih [H,T]=in,
{=—ihd/0E,E = E B SHepreTHuecKOM IIpECTaB-
BPEMEHHOM  NpEACTaBICHUH

HIEHUS 181051 rae
JEHHH, a BO
i=t,E=—ihd/0t; E - SHeprus 4aCTHLbI WIH CHC-
TeMbl (OOBIYHO KUHETHYECKAs); H - ramMuibTOHMAH
YACTHIIBI MM CHCTEMBL; 1’ OTIPECTSETCS U3 BTOPOTO
KOMMYTAllMOHHOTO COOTHOIICHUS (ﬁ u T Bxomar

B JyalbHbIC HY=iho¥/0t u
T®=-iho®/JE , tne ® - (ypbe-KOMIOHEHTa

YpaBHEHUSI:

BOJIHOBOW (DyHKIMN () = J‘: dE exp(—iEt /| H)®(E)).

2. Pe3yabTaThl BPEMEHHOI0 AHAJM3a KBaH-
TOBBIX IIPOLECCOB, OCHOBAHHOI'0 HA NIPHMMEHEHUH
BpeMeHH KaK KBaHTOBOH HA0/II01aeMO.

1. Bpemennoii ananuz npoyeccoe myHHeAUposa-
HUs TIO3BOJIUII TIONTYYUTH P pE3yIbTaTOB:

a) B [1, 4] 6bu10 yCTaHOBIIEHO, YTO MPAKTHYECKH
BCE M3BECTHBIE PaHEe YaCTHbIC OINpEICICHUS U pe-
LENThl ONpPEAETICHUI OKa3aJuch B paMKax OOIIETO
onpenencuus Olkhovsky - Recami (O-R) mnpocrto
YaCTHBIMH CIIy4asMH CPEAHEro BPEMEHHM TyHHENU-
POBaHMS WJIM CPEeIHEKBaAPATUYHOW (DIyKTyaluu B
pacmpezieieHHd BpeMeH TyHHenupoBaHus. B [5]
O-R moaxon ObUT IpU3HAH CaMBIM CaMOCOTJIACOBAH-
HBIM [IO/IXOZ0M B KBAHTOBOM MEXaHHKE.

6) Iloka3zaHo HaIWYHE CEPUH MHOSOKPAMHBIX
GHYMPEHHUX OMPAdCEHUll 3amyXarowux u aHmu3sa-
MyXaowux 60JH OM 6XOOHOU U BbIXOOHOU CMEHOK
BHYmMpU NOMeHYyUaIbHo20 bapvepa [6].
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B) bei1 m3ydyeH W mpoaHanm3upoBaH 3(PQeKT
XapTMaHHa B pa3HbIX CUTyalUsaxX U ycinoBusx [1, 4].
B pszae ciaydaeB OH COCTOUT B HE3aBUCUMOCTH Bpe-
MEH TYHHEJIMPOBaHUS YacTHUI] U (DOTOHOB OT IIHPH-
HBbI JIOCTATOYHO IIMPOKHX 0aphepoB. DTOT 3PQEeKT
OBLI ONTBEPKACH TYHHEIIMPOBAHUEM MHKPOBOJHO-
BEIX (poToHOB B [7]. Takue sBJICHHUS BBHI3BAIU PSII
JIUCKYCCUH TIO PENATUBUCTCKON MPUUYUHHOCTH, XOTS
Kak OyITO y>Ke JJaBHO SICHO, YTO CKOPOCTh BOJIHOBO-
ro (poHTa (YEeTKO OmpeneseHHas ISl UMITYJIbCOB C
PE3KO BO3PACTAONINM TMEPETHAM KpaeM) HEe MOXKET
MPEBBIIIATh CKOPOCTh CBeTa ¢ B Bakyyme. OqHa u3
TOYCK 3pEHUsS T0JaracT HapYUICHHS PEIITUBUCT-
CKOH TIPUYMHHOCTH CIIEJICTBHEM HEIOKAIIbHOCTH
GapbepoB.

r) B [8] ObLI0 mMOKa3aHO, YTO HECTaI[MOHAPHBIC
MMOTOKH BOJHOBBIX IAKETOB, COCTABICHHBIX TOIEKO
M3 3aTyXaloNINX HIN TOJNBKO M3 aHTH-3aTyXarOlINX
BOJIH, OIIUCBHIBAIOT OCUWUIALUHN, BO3HUKAIOUjUE
O0OHOBDEMEHHO 60 6CeM NpOCMpaHcmee GHYMpU
bapvepa. ITO WUMEET MECTO W IS YAaCTHIl, W I
(OTOHOB. DTO O3HAYACT HEIOKANILHOCMb TIOBEICHUS
TYHHEIUPYIOIIUX YacTUIl U (POTOHOB BHYTPH Oaphe-
pa. C moMmomp0 pa3HBIX METOAOB (B YaCTHOCTH,
MEeToJa WHCTAaHTOHOB Ha MHHUMOW OCH BPEMEH)
MOXKHO ONKCATh TAKUE BOJHOBHIC MAKEThl KaK Oe2y-
wjue BOJIHOBBIC TTAKETHI B TIPOCTPAHCTBAX C HEOOBIU-
HOW METPHUKOM.

2. beun paccMOTpEHBI U HoclieOHUe pe3yibmanbl
8peMeHH020 ananuza soepuvix peakyutl (cm. [1]).
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TWO-PHOTON EXCHANGE IN POLARIZED ELECTRON-DEUTERON
ELASTIC SCATTERING
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' M. M. Bogolyubov Institute for Theoretical Physics, National Academy of Sciences of Ukraine, Kyiv
? Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
? Institute of Physics, Slovak Academy of Sciences, Bratislava, Slovak Republic
* Department of Theoretical Physics, Comenius University, Bratislava, Slovak Republic

Structure functions and polarization observables
in elastic scattering of longitudinally polarized elec-
trons on polarized deuterons are considered within
the approximation of one-photon plus two-photon
exchange (TPE) [1]. In numerical calculations of the
TPE amplitudes we used the semirelativistic ap-
proach of Ref. [2] with the deuteron wave function
from CD-Bonn and Paris NN potentials [3]. The
deuteron form factors G(Q%), GQ(QQ), and Gy(Q%)
are taken from the parametrization of Ref. [4], with
parameters taken from the fit of Ref. [5].

It is shown that the contribution of TPE to the
generalized deuteron structure function A4 is of the
order of few percent (Fig. 1), while the contribution
to the generalized structure function B is of the order
of 10 - 20 %.

Orar, = 70°

E Y

3 4
Q?%*(GeV?)
Fig. 1. The TPE correction to the generalized structure
function A at 6,, =70°. The solid and dash-doted lines
are for CD-Bonn and Paris wave functions, respectively.

.___
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We also have found that the component 77 of the
tensor analyzing power is mainly determined by
one-photon exchange, but that 7,; and 75, are mainly
determined by interference between one-photon
exchange and TPE (Figs. 2 and 3). In 73, and T3, the
role of TPE effects increases with Q”. For example,
at O = 3 GeV? the TPE correction increases to
20 % in T3; (see Fig. 3).

This means that 7Ty, and 7, may be a good sub-
jects for experimental study of the TPE in ed scatter-
ing. We have also considered the polarization ob-
servables Ty,, C,1, and Cy,, which are proportional to
the imaginary part of the reaction amplitude and
vanish in the framework of one-photon exchange.

0.2

0.15 }
01 |
0.05 [ .

-0.05 3 SR R e

01 | _ 1

_02 1 1 1 1
0 0.5 1 1.5 2 2.

Q* (GeV?)

Fig. 2. 122 at 6,, =70°. The dashed line is for OPE cal-

culations, the solid and dot-dashed lines are for OPE+TPE
calculated with CD Bonn and Paris NN potentials, respec-
tively. Data are from Refs. [6].
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Fig. 3. The TPE correction to T21 at Q* = 1 and 3 GeV?
(solid and dot-dashed lines, respectively). The bold and
thin lines are for calculations with CD-Bonn and Paris
NN-potentials.
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HIGH ENERGY PHYSICS AND TRIANGULATED CATEGORIES

[Yu. M. Malyuta, T. V. Obikhod

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

Superstring theory is applied to construct the
minimal supersymmetric standard model (MSSM)
[1]. It was shown in [2] that the module space of an
open superstring has the form

Ext’ (Q,Q) _ Caa'+bb'+cc' ,
Ext' (Q Q) — Caab'+3bc'+3ca'. (1)

Substituting orbifold charges
a=b=c=a =b=c=4

in (1) and using the Langlands hypothesis [3], we
obtain a realization of (1) in terms of SU(5) multi-

plets
3%(24+5, +5,+5, +5, +10, +10u ).

This result determines the particle content of the
MSSM. The gauge invariant MSSM superpotential
takes the form

Wpis) = At - 5 X35 x10\/) +

2)
+AY 5, x105) x104) + 45, x5,

where 5, and 5, are Higgs multiplets, gjfj) and
IOS\? are multiplets of quark and lepton superpart-

ners, /’Lj, A; are Yukawa coupling constants, and u

is the Higgs mixing parameter. The analysis of
Yukawa coupling constants, based on observational
hints and theoretical considerations, allows one to
restrict the parameter space in (2) to five free pa-
rameters [4]:

m, =0.01 GeV,m, , =600 GeV, 4, =0,
3)
tan # =35,sgn(u) = +1.

Using this restricted parameter set, it is possible
to calculate the mass spectrum of superpartners by
applying the computer program SOFTSUSY [5].

This MSSM spectrum is shown in the Table 1.

LIOPIYHUK - 2011

Using the parameter set (3) it is possible to calcu-
late partial widths of superpartners by applying the
computer program SDECAY [6]. Applying the
computer program PYTHIA [7] it is possible to cal-
culate the production cross sections. These cross
sections at the center-of-mass energy Js =14 TeV

are shown in the Table 2.

Table 1. Mass spectrum of superpartners

Sparticle | GeV | Sparticle | GeV | Sparticle | GeV
i, 1187 | g 1354
g, 1232 Ve | PLoge g
d, 1182 ey 224 o 471
JL 1235 e; 398 70 727
I S 391 | X | 738
Ch 1232 |V 24
c, Vu s | T 470
Sk 1182 Mg g 738
5, 1235 | @, | 398 | % e
i | o9s8 h
; 1155 v, 379 | 4 671
b, 1095 3, 127 | H° | 671
b, 1148 | T | 408 | H* | 676

Table 2. Cross sections of superpartners

Channel Cross section, pb
8¢ — 288 04 =0.307
gu — gu 04 =0.891
du — dil 6. =0.466
uu _>%1+%1— G%fril_ =0.157
du =373 G%T%‘z) =0.208

—_

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

2. S.Katz, T. Pantev, and E. Sharpe, e-print arXiv: hep-
th/0212218 (2002).

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

4. J.J. Heckman and C. Vafa, e-print arXiv: 0809.1098
[hep-th] (2008).

5. B.C. Allanach, Comput. Phys. Commun. 143, 305
(2002).

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

7. T.Sjostrand, S. Mrenna, and P. Skands, JHEP 05, 1

(2006).

29




AHOTAIII POBIT

RECONSTRUCTION OF SUPERPARTNER MASSES

[Yu. M. Malyuta, T. V. Obikhod

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

Minimal  supersymmetric ~ standard  model
(MSSM) [1] is determined by the superpotential

W =hiLHE +h!QHED, +
+hiQ.H,EU  + uH H,
and by the soft supersymmetry breaking potential
V=m|H[ +m}|H, —m}, (e, H{H] +h.c.)+
+M; [ZL*EL + EZEL] + M2ty + M2baby +

2 ~F o~ ~F o~ 2~*~
+M; [v v+ LTL]+METRTR +

g mA, i o« A i
+ e | ——LHIl' 1, + Hg'b, —
\/EmW ”Los PETR T cos B 9%

A o 1 — = . =~
__”ﬁ tH;q-/tk}+—[M3gg+M2W”W“+MIBBJ,
sin 8 2

where L, and O, are slepton and squark SU(2),
doublets; E , and (5(1.,(7 j.) are selectron and squark

SU(2), singlets; H, and H, are Higgs SU(2),

doublets.

The superpotential W and the potential V' con-
tain more than 100 parameters [2]. The analysis of
this parameter space, based on theoretical and ex-
perimental constraints, allows obtaining the re-
stricted parameter set [3]:

mo,ml/z,AO,tanﬂ,sgn(,u), (1)

where m, and m,, are respectively universal
masses of scalar and spinor superpartners, 4, is the

trilinear soft supersymmetry breaking parameter,
tanP is the ratio of vacuum expectation values of

two Higgs doublets, sgn(x) is the sign of the Higgs

mixing parameter. The choice of concrete values of
parameters (1) is ambiguous.

The purpose of this work is the construction of
histograms describing mass distributions for super-
partners

YRRV AN S @)
We choose the following set of parameters:

m, =20 GeV,m,,, =440 GeV, 4, =25 GeV,

tanB =15,sgn(u)=+1. 3)

Using the parameter set (3) it is possible to con-
struct histograms of mass distributions for super-
partners (2) by application of the computer program
PYTHIA [4]. One of this histograms is shown in the
Figure.
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H.E. Haber, e-print arXiv: hep-ph/9306207.

2. B.C. Allanach, Comput. Phys. Commun. 143, 305
(2002).

3. G.L.Kane et al., e-print arXiv: hep-ph/9312272.

4. T. Sjostrand, S. Mrenna, and P. Skands, JHEP 05, 1

(20006).
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ONE-TUBE FLUCTUATION IN INITIAL ENERGY DENSITY DISTRIBUTIONS
IN A+ A COLLISIONS

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

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

Hydrodynamic models have been rather success-
ful at describing data obtained in relativistic nuclear
collisions at RHIC and LHC. Usually, the initial
conditions (IC) in the hydrodynamic description of
relativistic nuclear collisions are used to be smooth
[1, 2]. However some data require knowledge of the
event-by-event fluctuating initial conditions. Moti-
vated by the glasma-flux-tube scenario, the initial
conditions could be modeled by the set of high en-
ergy density tube-like fluctuations with longitudi-
nally homogeneous structure within some space-
rapidity region in a boost-invariant 2D geometry.

The question we address here is whether such
structures (hot tubes or more precisely fluctuating
bumping structures of IC) can have a sizable effect on
observables. To test whether this effect influences
significantly the observed particle spectra and could
lead to the ridge structure we examine the angular
dependence of the particle (pion) spectra for IC with
one tube displaced from center. For this aim we use
hydrokinetic model (HKM) [3] with longitudinally
homogeneous and a transversally bumping IC.

There were calculated two cases with one dis-
placed tube: first one when one tube was located at
3 fm and another - at 5.6 fm. The configuration with
one tube (fluctuation) has the background energy
density profile in the form of Gauss distribution and
the high energy density fluctuation (maximum in the
center - 270 Gev/fm’® ) with radius rype = 1.0 fm/c.

The initial and final hydrodynamic energy density
distributions (for the tube at 3 fm) are presented in
Fig. 1. One can see the residue of high energy density
fluctuation at the later stages of hydrodynamic. The
similar behavior demonstrates the freeze-out hyper-
surface (at T=165 MeV) that also shows for both
cases the concavity at the location of tube position.

o5 §E ¥ B

Fig. 1. The initial (r = 0.2 fm/c) and final hydro distribu-
tions of energy density (t = 24.2 fm/c) for the case IC
with one tube at x = 3 fm.
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There were calculated transverse spectra for both
cases, its dependences on azimuthal angle (for dif-
ferent pr = 0.3 - 3.0 GeV/c) and also all flows calcu-
lations (impact parameter b = 0) in frames of 2 + 1
HKM with volume+surface contributions to freeze-
out hypersurface. The results of spectra calculations
for several transversal momenta are presented in the
Fig. 2.

[] e
, [rad] i [rad]

Fig. 2 Final azimuthal distributions of one-particle spectra
for the case IC with one tube at x = 5.6 fm in HKM.

As for outlook.

The initial energy density configuration with one
tube was considered and it was found that the effect
of initial bumping-like fluctuation is not washed out
during the system expansion and preserve in the final
energy density of hadronic matter. That, probably,
could lead to the ridges structures of the correlations,
which are caused by these fluctuations [4]. The effect
of high energy density fluctuations on azimuthal dis-
tributions of transverse spectra is observed.

The numerical calculations were performed using
the cluster and GRID environment of the
M. M. Bogolyubov Institute for Theoretical Physics,
National Academy of Sciences of Ukraine.

1. T.Hirano and K. Tsuda, Phys. Rev. C 66, 054905
(2002).

2. C.Nonaka and S.A. Bass, Phys. Rev. C 75, 014902
(2007).

3. S.V. Akkelin et. al., Phys. Rev. C 78, 034906 (2008).

4. M.S.Borysova et al., Nucl. Phys. At. Energy 11,
No. 3, 269 (2010).
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THE BASIC PROPERTIES OF THE NON-LAGRANGIAN THEORIES OF GRAVITY
P. A. Nakaznoy

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

To satisfactorily describe the currently available
data on the composition and dynamics of the Uni-
verse, the idea of the so-called dark matter and dark
energy is introduced in cosmology and astrophysics.
But it isn’t a candidate for a dark matter particle in
the standard model of elementary particles physics
and the modern quantum field theory which is a
theoretical fundament for the high energy physics
can’t describe the value of the physical vacuum den-
sity which is needed for dark energy description. As
alternative for the modification of standard model
and QFT (new particles introducing) is the generali-
zation of general relativity, which is the theoretical
paradigm for describing of modern astrophysical and
cosmological observations. Particularly the modify-
cation of field equations can modify motion equa-
tions (processing of dark matter observation depends
from it) and scale factor equations (needed for dark
energy effects). Thus we must research possible
consequences of such theories in high energy phys-
ics and its correlation with observation data.

The possibility of a weak space-time dependence
of the energy-momentum tensor for the physical
vacuum that expresses the response of the vacuum to
its curvature cannot be ruled out. In this case, the
cosmological constant alone will be not enough to
describe dark energy, because it will also be neces-
sary to apply the corresponding corrections depend-
ent on the space-time curvature (metric). In other
words, in this approach, we can talk about a cosmo-
logical term that depends on the space-time coordi-
nates via a metric tensor and about its role in model-
ing the current value of the cosmological constant
[1]. It is important to emphasize that, in general,
when a variable cosmological term A = A(R) is in-
troduced; the theory becomes non-Lagrangian in the
sense that this term cannot be obtained by varying
some scalar function, an analogue of the action for
the gravitational field. This clearly distinguishes the
approach being described from the broad class of
theories studying the generalizations of the classical
Hilbert - Einstein action for the gravitational field. In
the latter case, the Einstein equations are also modi-
fied by additional curvature-dependent terms using
which one can attempt to model dark energy. How-
ever, since these theories are Lagrangian, one can
satisfy the condition for the total 4-diverence of the
corresponding correction terms being equal to zero
within their framework and, thus, to retain the “clas-

sical” law V T*" =0 for the matter without any

additional assumptions [2].

As we show, the assumption about the break-
down of this relation that follows from the introduc-
tion of a variable cosmological term into the theory
gives rise to additional terms in Newton’s second
law, which describes the effective acceleration of a
particle in a gravitational field. In the capacity of
“toy model” we often consider the simple case of a
linear dependence: A(R) = Ay - kR, where Ay and k
are parameters of the theory. We will model a spiral
galaxy with mass M using the approximation of an
unbounded thin disk with an exponential distribution
of the surface density with scale factor r, along the
radius and find the velocity curve in such theory
(Figure, where x = 1/2ro, a(M, ry) = 2GM/c’ry).

Ms33

150

100 ~

., bmle

50+

0 5

‘I’G v % 1I5 20
Rotation Curve for galaxy M33 with k = 10
and observed dots.

In general, we can assert that the results obtained
do not yet allow the model with a variable cosmo-
logical term to be ruled out: they require a deep un-
derstanding and a more careful analysis. However,
since the hypothesis considered has radical corollar-
ies (in both positive and negative aspects with regard
to the present physical views), it may be concluded
that the question about its recognition will be solved
in the near future.

The last results of such work were discussed on
the international conferences: Selected Issues of
Astronomy and Astrophysics (Lviv), International
students and young scientists conference in theoreti-
cal and experimental physics HEUREKA-2011
(Lviv) and seminars of Kiev Institute of Nuclear
Researches NASU, Institute of Mathematics NASU,
Pidstryhach Institute for Applied Problems of Me-
chanics and Mathematics NASU, Astronomical Ob-
servatory of Lviv University etc.

1. P.A. Nakaznoy, JETP 107, 405 (2008).
2. P.A. Nakaznoy, Astron. Reports 54, 121 (2010).
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CLUSTER DECAY OF HIGH EXCITED RESONANCES OF *He NUCLEUS

Yu. N. Pavlenko', V. L. Shablov’, V. O. Kyva ', O. K. Gorpinich', N. L. Doroshko',
O.I. Rundel', A.V. Stepanyuk’, L. L. Dulger’, D. V. Kasperovych *

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

The processes of excitation and decay of high
excited *He resonances into the channels o+ n, t + d,
t+n+p and *He + n+n have been studied of the
three- and four-particle channels of reaction
"Li(d, a)’He at the cyclotron U-240 of the Institute
for Nuclear Research using the deuteron beam with
energy Eq=37 MeV. Due to high Q-value of reac-
tion 'Li(d, a)’He the excitation spectrum of “He has
been investigated in kinematically complete and
incomplete experiments up to the energy
Ex ~ 40 MeV.

In the inclusive spectra of a-particles on a sig-
nificant background caused by the accompanying
three-particle reaction channels, in addition to the
contributions of well known *He resonances [1] the
high excited states with E;~19MeV and
Ex > 20 MeV were observed. Cluster decay of these
resonances was also identified in coincidence spec-
tra of o-particles and other products of reaction
"Li(d, a).

Excitation energy and width of *He resonances,
obtained from o +d and o+t coincidence spectra
that were measured at the kinematic conditions un-
der which the contributions of known resonances
%7Li are not possible, are shown in the Table.

HIOPIYHUK - 2011

Excitation energies and widths of >He resonances

Reaction 'Li(d, ad)t Reaction 'Li(d, at)d
E* MeV I, MeV E* MeV I, MeV
18,7 +0,2 1,2+0,6 19.2+0,5 1,2+0,6
20,2+0,2 1,9+0,7 20,5+0,2 1,7+£0,8
23,1+0,2 2,1+£0,8 233+04 | 2,7+1,0
25,7+0,2 1,1+0,8 26,0+0,2 | 0,9+04
28,1+0,2 1,9+0,7

For the first time the decay into the d + t channel
was observed for *He resonances with E, > 24 MeV.

The determined resonance energy and width are
partially agreed with the R-matrix analysis of data
obtained in the study of binary reactions d + *H and
n+ *He [1], and with the results of correlation ex-
periments performed by other authors [2, 3].

The possible Coulomb effects in three-particle
channels of reaction 'Li(d, a)’He are also analyzed
for different conditions of observation of high
excited “He resonances.

1. D.R. Tilley, C.M. Cheves, J.L. Godwin et al., Nucl.
Phys. A708, 3 (2002).

2. G.M. Ter-Akopian, A.S. Fomichev, M.S. Golovkov et
al., Eur. Phys. J. A 25, 315 (2005).

3. O.K. Gorpinich, O.M. Povoroznyk, and A.A. Yach-
meniov, Izvestia. RAN, (ser. fiz.), 69, 745 (2005).
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SUBBARIER INTERACTION OF DEUTERONS
WITH **%Ni, 'Sn AND 2%®Pb NUCLEI

Yu. N. Pavlenko, A. I Rundel, K. O. Terenetskyi, V. P. Verbytskyy, L. P. Dryapachenko,

V. V. Ostashko, O. K. Gorpinich, L. I. Slusarenko, Yu. Ya. Karlyshev, A.V. Stepanyuk,
E. M. Mozhzhukhin

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

The elastic scattering and reaction (d,p) on
nuclei **Ni, *Sn and *®Pb have been studied in
order to determine the features of subbarrier
interaction of deuterons with nuclei of different
masses. Experimental data were obtained at
electrostatic tandem accelerator EGP-10K of the
Instutute for Nuclear Research (Kyiv) using
the deuteron beam with energy in the range
Eq4=3.5-7.3 MeV.

At energies that are twice lower than the
Coulomb barrier, for example, at Eq =4.0 MeV for

1,1
a 124Sn(d,d)1248n
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Fig. 1. a — Angular distributions of differential cross sec-
tions of elastic '**Sn(d, d)'**Sn scattering, which were
measured at E;=4.0, 5.0 and 5.5 MeV, as a ratio to the
Rutherford cross sections. The curve corresponds to the
calculation of deuteron elastic scattering cross sections
with taking into account of their break-up at
Eq=5.5MeV.

The contribution of the Coulomb deuteron break-
up to the spectral distributions of protons was
estimated using the algorithm described in [3]. For
this purpose the calculations of differential and
integral (over the neutron emission angles) cross
sections of reactions A(d, p)nA were performed.

Analysis of the calculations and the measured
inclusive spectra of protons and their integrated over
the energy yields (Fig.1,b) showed that the
differences of experimental and theoretical cross
sections of deuteron elastic scattering on the ****Ni,
2Sn and *®Pb nuclei are mainly caused by the

d+'**Sn interaction, significant deviation of the
elastic scattering cross sections from Rutherford one
have not been observed (Fig. 1, a).

At higher energies the measured differential cross
sections of deuteron elastic scattering on all
mentioned above nuclei (see also [I,2]) signi-
ficantly differ from the Rutherford scattering cross
sections and those which were calculated
theoretically, taking into account the processes of
break-up and polarizability of deuterons in the
Coulomb field of the target nuclei.
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Fig. 1. b — Angular dependences of proton yield in the
reaction d + '**Sn at E4 = 4.0 and 5.0 MeV. Points show the
total measured yield of protons with E, > 1.5 MeV (statisti-
cal error does not exceed the size of points). Curves corre-
spond to the calculations of proton yields in the break-up
reaction '**Sn(d, p)n'**Sn, which were performed according
to [3].

process of neutron transfer to the target nuclei
(reaction A(d, p)A + 1), which was not included in
the calculations, but not by deuteron break-up
reaction A(d, p)nA.

1. Yu.N. Pavlenko, K.O. Terenetsky, V.P. Verbitskyy et
al., Nucl. Phys. At. Energy 11, 400 (2010).

2. Yu.N. Pavlenko, K.O. Terenetsky, V.P. Verbitsky et
al., in Book of Abstract 61 Int. Conf. “Nucleus-2011",
October 10 - 14, 2011, Sarov, Russia, p. 79.

3. K.O. Terenetsky and V.P. Verbitsky, Nucl. Phys. At.
Energy 2(17), 36 (2006).
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THE INCLUSIVE SPECTRA OF DEUTERONS
FROM d+T—d+n+d REACTION AT E;=36.9 MeV

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

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

The inclusive spectra of deuterons from tritium
- titanium (t-Ti) and titanium (Ti) targets in the
particle emission angular range of 15° <04<52°
at the incident deuteron energy of 36.9 MeV were
measured on the U-240 isochronous cyclotron at
the Institute for Nuclear Research, NAS of
Ukraine.

Obtained deuteron spectra from t-Ti and Ti
targets and the deuteron spectra  for
d+T—d+d+n reaction at the angle 15° are
presented in Fig. 1.
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Fig. 1. Inclusive spectra of deuterons from t-Ti and Ti
targets at the incident deuteron energy of 36.9 MeV (a).

Spectra of deuterons from d + T'— d + d + n reaction (b).

Energy distributions of deuterons for their es-
cape angles of 15, 20, 30 and 35° are shown in
Fig. 2. The spectra of deuterons are wide bell-
shaped distributions whose centers are shifted at
angles 6 = 15 and 20° toward the range of high
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energies. It can be seen from the figure that the
cross section is reduced sharply upon an increase
in the deuteron emission angle of up to 64~ 30°,
and as emission angle 04 continues to grow, the
reduction in the cross section becomes smoother.
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Fig. 2. Energy spectra of deuterons from
d+T—d+d+n reaction at the incident deuteron
energy of 36.9 MeV.

The angular distribution of deuterons from
d + T — d + d + n reaction are shown in Fig. 3.
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Fig. 3. Angular distribution of deuterons from
d+T—d+d+n reaction at the incident deuteron
energy of 36.9 MeV.

The differential cross section of deuterons was
determined by integrating the cross sections

40 over the energy in the range of
dQ,dE,

~5 <E4<35 MeV.
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ANALYSIS OF BREAK-UP PROCESSES OF TRITONS IN THREE-PARTICLE REACTION

O. O. Belyuskina, V I. Grantsev, V. V. Davydovskyy, K K. Kisurin, S. E. Omelchuk,
Yu. S. Roznyuk, B. A. Rudenko, V. S. Semenov, L. 1. Slyusarenko, B. G. Struzhko

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

The break-up processes of tritons in three-particle
reaction at an incident deuteron energy of 36.9 MeV
were analyzed using a microscopic nuclear diffrac-
tion model developed by V. K. Tartakovsky. The
motion of a particle in the initial and final states in
the d +t— d’+d +n reaction (where d’is a scattered
deuteron and d is a deuteron formed in the process
of triton splitting) can be considered as quasiclassi-
cal and a diffraction approximation can be used at
small particle emission angles.

Fig. 1 shows the comparison of the theoretical
and experimental spectra for angles 15 and 30°.
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Fig. 1. The comparison of the theoretical (curves) and
experimental (dots) spectra: / - the energy distribution of
deuterons d’; 2 - the energy distribution of deuterons d ;

3 - total cross sections of both processes; 4 - estimate of
cross sections allowing for the correct asymptotic of wave
functions.
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The obtained energy spectra are generally de-
scribed well within a wide range of variation in en-
ergy Eq of fixed deuterons, both in shape and in abso-
lute value using only one diffraction approximation.

It can be seen from Fig. 1 that the main contribu-
tion to the cross section (as much as 70 -90 %)
comes from scattered deuterons d’, while deuterons

from a triton d can be observed well only at the
spectra edges, at rather low and high energies.

Fig. 2 shows the experimental and calculated an-
gular distributions of the final deuterons from the
d+t—d+d+n reaction. The absolute values of
the theoretical cross sections calculated in the dif-
fraction approximation are in agreement with the
experimental values.
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Fig. 2. The experimental (dots) and calculated (curves)
angular distributions of the final deuterons from the
d+t—d’+d +nreaction: [ - the angular distribution of

deuterons d”; 2 — the angular distribution of deuterons
d ; 3 - total cross sections of both processes.

The diffraction microscopic model we used gen-
erally allowed successful interpretation, and enabled
us to show that the quasi-free scattering of incident
deuterons and a quasi-free process leading to the
formation of deuterons during the splitting of target
tritons are in this case predominant. The contribution
of intermediate resonance formation probably is
small.
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PEAKIIS C(d,pn)">C TIPH 56 MeB V JUPPAKIIMHOMY HABJIWKEHHI

B. B. laBunoBcbknii, A. JI. ®ypea

Tnemumym adeprux docniosceno HAH Vipainu, Kuis

HocnimkeHHs peakmii pos3lIeIUIeHHS IeHTpoHa
ATOMHUMU spaMu Jae iHpopMallito, K Ipo Mexa-
Hi3M TPOTiKaHHS PeaKilii, TaK i TIpo MPUPOIY B3ae-
MOJIii CKIaITHUX YACTUHOK 3 SIAPaMH.

Teopernuni gocmimpkeHas peakiii (d, pn) pos-
BUBAJINCSI IBOMa LuIAXaMu. Metonom aedopmoBa-
HUX XBWIb [1 - 3] Ta B qudpakuiinii moaemi [4 - 6].
[Ipu upoMy BpaxyBaHHS KyJIOHIBCBKOI B3a€MOIi
BHSIBHJIOCH ICTOTHHM [7, 8].

Hudpakiiiina Teopist B3aeMOii CKIaIHUX YacTH-
HOK 3 siipaMu Tependavae, Mo KOKEH HYKIIOH, IO
BXOAUTH [I0 CKJIady AEHTPOHA, PO3CIIOIOYHMCH Ha CHU-
JIOBOMY IIEHTpi, TPHU3BOAUTH JO 3CYyBy (a3,
OB’ SI3aHOMY TIJIBKH 3 TIepeiauero MOMepeyHoro iM-
nyJbcy. Take MPUIYIIEHHS CIIPaBeIMBE NP MPYK-
HOMY PO3CISIHHI IEUTpOHIB Ha Maji KyTd. Y pasi He-
MIPY>KHOTO TIPOLIECY PO3IIEIUIEHHS HyKJIOHA AeHTpOHA
HepeaacThes 1 MO30BKHIN iMImynse O, . 3a3HaYeHUH

(bakT NPU3BOIUTH JO0 HEKOTEPEHTHOCTI MPOIECy po-
3MICTUICHHS 1 He MOXKE OMHUCYBATHCS (QYHKIIEIO TPO-
¢imo, 10 BiANOBiAE MPYKHOMY PO3CifOBaHHIO. Tak,
pO3paxyHKH  KyTOBHX  KOpelAlid y  peakuii
*He(p,2p)d npu eneprii 156 MeB [9] nokazanu

BOKIIMBICTh BpaxyBaHHs 3a3HaueHUX edekTiB. Tomy
LiKaBO PO3MIITHYTH NPOLEC PO3IIETIEHHS ASHTPOHIB
B audpaxiiitHoi HabIKEHHI 3 ypaxyBaHHSIM I103/10-
BXKHBOI 1 TTOTIEPEYHOI CKIIAJIOBHX IEPEIAHOTO iMITY-
JBCY, 1O 1 OYJIO TOJIOBHOIO METOIO POOOTH.

HasiBHI excniepuMeHTaNbHI JTaHi 3 PO3IIETUICHHS
nedTpoHiB sapamu [10], Komw TPOXYKTH pPO3BAITY
JeWTpOHa BHJIITAIOTH i/l HyJLOBUM KyTOM JIO iMITy-
JbCy JEUTpOHA, Al0Th MOMJIMBICTh POBECTH JETa-
JbHE MOPIBHAHHA Teopil 3 excriepuMeHToM. Yncens-
HI pO3paxyHKH, BUKOHAHI ISl siJpa BYTJIELIO IPH
E,= 56 MeB. Ha pucyHky npeicTaBlI€HO Pe3yJib-

TaTH PO3PaxyHKiB EHEPreTUYHOIO CIIEKTPa MPOTOHIB.

Edexr BpaxyBanHs (J, NOMITHHMH, i€ B NOTPiOHO-

My HaIpsIMKy, X04a i He3HaYHUU. B 00macTi criekTpa,

komu E, 1 E, Gnu3bKi OMH 10 OAHOTrO, KpuBi 30i-

rarThCs TOOTO €(PEeKT 3HUKAE, MO JIETKO MOSCHUTH
0COOMBOCTSMU KIHEMATHKH JAHOTO CKCIIEPUMEHTY.
Ha Kpujax CIIeKTpa eHeprii HYKJIOHIB
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CHJIBHO BiIPI3HAIOTHCS 1 €(eKT MPOSBIAETHCS CHITb-
Hime. [Ipu OUTBII BUCOKHUX €HEPrisiX poiib e(eKTiB,
OB s13aHUX 3 Iepenadero (), , 0COOIUBO B HECHMeE-
TpUYHIl Teometpii, Oyne 3pocraTr. TakuM YHHOM,
CTaHIapTHA 1 y3aranbHeHa AudpakxiiiiHa MOAeNb y
3MO031 KUTbKICHO OITUCATH €KCIIEPUMEHT.
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[Tepepi3 po3miemnieHHs: AeUTpoHA 3 eHepriero 56 MeB Ha

smpaxlzc . ToukoBa KpuBa — YMCTO KYJIOHIBCHKUH pO3-
BaJI; MITPUXOBA 1 CyLIbHA KPUBI — cTaHAapTHa audpak-
iifHa MOJeNb, B SIKIH HEXTYeTbCsl (). 1 HalIl PO3paxyHKH
1O y3arajbHeHii Teopii.

1. F.Rybicki and N. Austern, Phys. Rev. C 6, 1525
(1973).

2. J. Lang, L. Jarczyk, and R. Miller, Nucl. Phys. A204,
97 (1973).

3. G.Baur, D. Trautmann, and V. Zoran, Nucl. Phys.
A208, 261 (1973).

4. A.IL Akhiezer and A.G. Sitenko, Phys. Rev. 106, 1236
(1957).

5. TO.A. Bepexnoii u E.B. Unonms, D 6, 1197 (1967).

6. IO.A. Bepexnoii, B.IL. Boseako wu A.Il. Co3nuk,
Y@K 21, 1170 (1976).

7. G. Faldt, Phys. Rev. D 2, 846 (1970).

8. A.T. Curenko, A.Jl. [Tono3oB u M.B. ErnanoB, YDXK
19, 1778 (1974).

9. E.b. Jlermmn u A.Jl. dypca, AP 24, 1115 (1976).

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

37



AHOTALIIl POBIT
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Angular distributions of the °Li + 'O elastic and
inelastic scattering were measured at the energy
Ea('®0) = 114 MeV using the O beam of the
Warsaw C-200P cyclotron (Figs. 1 and 2).
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Fig. 1. Angular distributions of the °Li + 'O elastic scatte-
ring at the energy Ep("*0) = 114 MeV. The curves show
the CRC calculations for different nuclear processes. The
curves <tr> and X show the CRC calculations for the sums
of all transfers and all processes, respectively.

The data were analyzed within the optical model
and coupled-reaction-channels method (CRC). The
elastic and inelastic scattering, the °Li reorientation
as well as simplest one- and two-step transfers were
included in the channels-coupling scheme.

The °Li+ '®0O-optical-potential and deformation
parameters of °Li and 'O were deduced with the
CRC-analysis of the data. It was considered that
low-energy excitations of the nuclei have collective
nature.

The isotopic differences between the ’Li+ '*O
and °Li + '® 'O potentials were studied. It was found
that only imaginary parts of these potentials
differ mainly. The potential scattering dominates at
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Fig. 2. Angular distributions of the °Li+'®O inelastic
scattering at Elab(ISO) = 114 MeV. The curves show the
CRC calculations for the transitions to the collective ex-
cited states of .°Li and 'O and for the nucleon transfers
(curves <nn> and <pp>).
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forward angles (curve <pot>). The °Li reorientation
is important at large angle scattering (curve <reor>).
The transfers of nucleons as well as d and
2n-clusters contribute small in the scattering chan-
nels (curves <nn>, <pp>, <2n2n > and <dd >).
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ELASTIC AND INELASTIC SCATTERING OF "“C IONS BY 'Li AT 115 MeV
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V. V. Uleshchenko', J. Choinski®, B. Czech?, R. Siudak®, A. Szczurek®
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Angular distributions of the "Li + '>C elastic and
inelastic scattering were measured at the energy
Elab(”C) =115 MeV using the 12C beam of the War-
saw C-200P cyclotron (Figs. 1 and 2).
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Fig. 1. Angular distributions for the elastic scattering of 'C
ions by Li at the energy Elab(12C) =115 MeV. The curves
show CRC calculations for different nuclear processes. The
curves <tr> and X show CRC calculations for the sums of
all transfers and all processes, respectively.
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The data were analyzed within the optical model
and coupled-reaction-channels method (CRC). The
elastic and inelastic scattering, the 'Li reorientation
as well as simplest one- and two-step transfers were
included in the channels-coupling scheme.

The 'Li+ "“C-optical-potential and deformation
parameters of 'Li and '*C were deduced with the
CRC-analysis of the data. It was considered that
low-energy excitations of the nuclei have collective
nature (rotation or vibration excitations).

It was found that the potential scattering domi-
nates at small angles. In other angular range, the
reorientation of 'Li is also important (curve <reor>).
The two-step transfers of nucleons as well as a- and
*Li-clusters contribute small in the elastic and inelas-
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tic scattering channels (curves <nn>, <pp>, <po>
and <’Li>).
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Fig. 2. Angular distributions of the 'Li+ '>C inelastic
scattering at Elab(12C) = 115 MeV. The curves show the
CRC calculations for the transitions to the collective
excited states of 'Li and '*C.
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The CRC calculations for the transitions to the
collective excitations of 'Li and '’C describe the
"Li + "’C inelastic scattering data satisfactorily.
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Angular distributions of the elastic and inelastic
scattering of "N ions by ’Li were measured at the
energy Epp('*N) = 80 MeV using the "*N beam of the
Warsaw cyclotron C-200P (Figs. 1 and 2).
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Fig. 1. Angular distributions for the elastic scattering of
“N ions by 'Li at the energy Epp("*N) = 80 MeV. The
curves show CRC calculations for different nuclear proc-
esses. The curves <tr> and £ show CRC calculations for
the sums of all transfers and all processes, respectively.
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The data were analyzed within the optical model
(OM) and coupled-reaction-channels method (CRC).
The elastic and inelastic scattering, the reorientations
of 'Li and "N as well as simplest one- and two-step
transfers were included in the channels-coupling
scheme.

The 'Li+ "“N-optical-potential and deformation
parameters of 'Li and "*N were deduced with the
CRC-analysis of the data. It was considered that
low-energy excitations of 'Li and '*N have collective
nature (rotation or vibration excitations).

It was found that the potential scattering domi-
nates in all angular range. In large angle scattering,
the contribution of the 'Li reorientation is also

important (curve <re-Li>). The two-step transfers of
nucleons as well as *He-, a- and 'Be-clusters con-
tribute small in the elastic and inelastic scattering
channels (curves <nn>, <pp>, <a’He > and <'Be>).
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Fig. 2. Angular distributions of the 'Li+'*N inelastic
scattering at Epp("*N) = 80 MeV. The curves show the
CRC calculations for the transitions to the collective
excited states of .’Li and "N.

The CRC calculations for the transitions to the
collective excitations of 'Li and N describe the
"Li + "N inelastic scattering data satisfactorily.
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UCCJIEJOBAHUE BO3BYXKJIEHUS BBICOKOCHMHOBOI'O M30MEPHOI'O COCTOSIHUSA
B SAJPAX '"Sb B (d, n)-PEAKIIUH

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

Hucmumym soepruix uccreoosanuii HAH Yxpaunol, Kueg

HccnenoBanne N30MEPHBIX OTHOIIEHU SIBIIACTCS
OJHMM W3 METOJIOB IONYYCHHUsS MHPOPMAIMH KaK O
CTPYKType BO30YXKIECHHBIX YpOBHEH siiep, Tak U O
MEeXaHU3Max MPOTeKaHMs SAepHBIX peakuuii. Beioop
(d, n)-peakiiuu Mo3BOJIAET OLEHUTH BKJIAJ IPSIMOIO
MEXaHH3Ma IIyTeM CpPaBHEHHs SKCIEPHUMEHTAIBHBIX
Y TEOPETHUYECKUX 3HAUYCHUI H30MEPHBIX OTHOIICHHUN
ceueHuid. [Ipu 3TOM JIs1 HU3KOIPHEPTETUUECKUX JIeH-
TPOHOB 3Ty OLEHKY MOXXHO NPOBECTH OoJiee OJHO-
3HayHO. PaHee HamMM M3y4asioch 3aceleHre BBICOKO-
CIIMHOBOTO H30MEPHOIO COCTOSIHHSA 8 B sapax '’Sb
B PEaKIUAX C MPOTOHAMHU U TamMma-KBaHTamu [1, 2]
1 MO3TOMY BBI3BIBAET ONpPEAETICHHBIN MHTEpEC Mpo-
JOJDKEHNE M3YYEHHUs 3aCelIeHHs] ITOTO COCTOSHHS B
peakuusx ¢ AeUTpoHaMH.

MurieHp U3 eCTeCTBEHHOI'O 0JI0Ba TONIIKUHON 20
- 30 MM oGyuanach Ha yckopureie DI TI-10K npu
sHepruu nertponoB 4,0 MaB. OOiydeHHBIC MHIIIE-
HU u3Mepsuinck Ha Ge-crniekrpomerpe ¢ d(h(eKTHB-
HOocThl0 peructpauud 30 % 1O CpaBHEHHIO C
Nal(T1)-nerexropom pazmepamu 3 x 3" u SHepreTH-
ueckuM paspenrenreM 2 k3B na y-muausax “Co.

C 1nenpl0 ydaydlIEeHHS TOYHOCTH H3MEPEHHH U
WCTIONB3ysl OONBIIYI0 pa3HUIly BO BPEMEHH B TIIe-
puomax momypacmana mexny uzomepHeiM (T,=
= 5,8 cyT.) u ocHOBHEIM (T, = 16 MHH) COCTOSHUSI-
wvu 2°Sb s uaeHTH(UKANN paciaga 000uX STUX
COCTOSIHMHA MBI HCIIONB30BANA OJHY H Ty K€
y-nuHUIO ¢ 3Heprueit 1171 kaB.

Ha pucynke mpuBeaeHbl (parMeHTHI Y-CIIEKTpA.
Kak BuaHO, HaMH yBEepeHHO HaOIIOMAIOTCS aKTHB-
Hoctu “"™£Sb. Mcnonk3ys MONydyeHHbIE JAHHBIC U
TaOJIMYHbIE KOHCTAHTBI, MBI OTPEAEIIN 3HAUeHUE
HM30MEPHOTO OTHOIIIEHUS cedeHuit TUTST
'"”Sn(d, n)"**™£Sb: 6,/c, = (6,6 = 0,5) - 107,

TeopeTnueckuil pacueT M30MEPHBIX OTHOLICHUI
CEYCHUHN TPOBOJMWICA C IMOMOIIBIO MPOTPAMMHOTO
maketa TALYS-1.0.[3]. B HEM 3a510KeHBI CTaTHCTH-
YECKUH U MPEAPABHOBECHBI MEXAHM3MBbI MPOTEKa-
HUS SAEPHBIX peakuuil. B nponecce moaennpoBanus

HIOPIYHUK - 2011

BBICOKOCIIMHOBOE M30MEPHOE COCTOSHUE HE 3aceyisi-
nock. M3 aToro cremyer BBIBOJ O JIOMHHHPOBAaHUH
npAMOro Mexauusma juist peakuuu '’Sn(d, n)'?"™£Sh
P SHEPruu 1eUTpoHoB 4 M»sB.
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1. B.A.Xentonoxckuit u A.M. Caspacos, U3s. PAH.
Cep. Dus. 74, 861 (2010).

2. B.A. XKenronoxckuit u A.M. CaBpacos, 13s. PAH.
Cep. @us. 75, 1349 (2011).

3. A.J. Koning, S. Hilaire, M.C. Duijvestijn, in Proc. of
the Int. Conf. on Nuclear Data for Science and Tech-
nology 769, 1154 (2005).

41



AHOTALIIl POBIT

UCCJIEJOBAHUE ®OTOAEJEHUSA *'Np U *'Am

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

Hucmumym soepuvix uccneoosanuti HAH Yxpaunwt, Kues

M3mepenue cpenHUX YITIOBBIX MOMEHTOB OCKOJI-
KOB JICJICHUS TIPEICTABIIICT OOJBINION HAYyJHBIN HH-
Tepec, TaK Kak JI0 CHX MOp OTCYTCTBYET SICHOE TIOHU-
MaHHE OJHOBPEMEHHOI'O CYILECTBOBaHMA ABYX KaHa-
JIOB JICJICHUS: aCHMMETPUYHOTO U CUMMETPHYHOTO.

Lenpto gaHHON pPabOTHI OBUIO UCCIICAOBAHUE
M30MEPHBIX OTHOIIEHUH AJISl OCKOJKOB JIEJEHHUS, U3
KOTOPBIX U3BJIEKAIOTCS BEIUUYUHBI CPETHUX YTIOBBIX
MOMEHTOB Ha HEYeTHbIX 10 Z spax: = Np u **'Am.

M3MepeHuss nOpoBOJAMIUCH IO AKTHUBALIMOHHOMW
Metoauke. [ u3MepeHud UCIONb30BANIUCh MHUILIE-
HY U3 HENTYHUS U aMEepHIHs, 060rameHHoro ' Am.
OGnyuenne MumeHn ¢ > 'Np  IPOBOHIOCKH
Y-KBaHTaMHU TOPMO3HOT'O CHEKTPa 3JIEKTPOHOB MHK-
potpona M-30 c sHeprueit 17 u 9,8 M»sB, a muiienu

¢ ' Am — TOPMOBHBIMH Y-KBAHTAMH OT 3JIEKTPOHOB
¢ nHeprueit 17 M»dB. OOiydeHwme NPOBOIUIOCH B
tedenue 5 - 10 mun u yepe3 15 - 20 c. HaunHANKUCH
n3Mepenns Ha Ge-crekTpomeTpax. Uepe3 Kaxibie
60 ¢ CHeKTphl 3aIMCHIBAINCH B TEYCHHE BCETO Bpe-
MEHH U3MEpeHHs (KaK IMPaBHIO BPEeMs H3MEPEHUs
COCTaBIsIIo 5 - 6 4).

DKCIepUMEHTaIbHbIE 3HAYCHHUS M30MEPHBIX OT-
HOIIIEHUH BBIXOJIOB BBIUYMCIIINCH C yUYETOM BKJIaJa
oT f-pacnanma M300apHBIX sIEp B BBIXOABI HCCIIE-
JIyeMBIX U30MEpHBIX Tap, AeTalbHOE OMUCAHHE Ta-
KHX pacdeToB MOKHO HaTH B [1].

[TosmydeHHble NaHHBIE O CPEJHUX YIJIOBBIX MO-
MEHTaxX OCKOJKOB aenerust = Np u >*'Am mpusese-
HBI B Ta0IULIE.

Cpezume YIJ0BbI€ MOMEHTBI OCKOJIKOB 1€CJICHUSA

J
M3omepnas napa Al 5 2] 237Np AT
9,6 M>B 9,8 MaB 17 MsB 17 M>B
*0mERb 3 1,6(3) 1,5(3) 2,5(3) 2,0(3)
Sh 3 3,303) 3.3(4) 433) 24Q2)
e Te 4 6.5(5) 6,0(3) 6.2(12) 5.1(12)
Bl 4 6.9(1) 8.8(2) 3.72) 8.2(2)
X 4 2.4(1) 2,9(1) 4.2(1) 4.5(1)

[lony4yeHHbIe NaHHBIE O CPEJHHUX YTIOBBIX MO-
MeHTax (parMeHTOB (POTOAEICHUS HEUETHBIX MO Z
A7ep MOKa3blBAIOT MHBEPCHUIO 110 CPABHEHMIO C He-
yeTHbIMU 10 N sapamMu 35U u *°Pu [2]. MbI Ha-
6momgaeM ymensinerne J misi 'Rb un *°Xe mpu
YMEHBIICHNH JHEPTHH. YMCHBIICHUE JHEPrUM Ha
6 MaB na ¢one 200 MsB, kotopas Beigensercs B
mporecce AEJeHUs, BPsI JIM BIMSET HA U3MCHEHHUE
J . Bornee BepoATHBIM (HaKTOPOM SIBIAETCA TO, YTO
npu sHepruu 16 MsB noMuHHMpYOIIMM SBISETCS
(hoTomeeHNE C BHUIETOM OBICTPOTO HEUTpOHA (Y, nf),
T. €. TIpu (OTOJENEHNN C TPaHUYHOM sHeprueit 16
M5B mpoucxomuT QoTomerleHHe Ha HEYETHO-
HeueTHbIX saapax ~°Np u **Am. 1o ykasbiBaer Ha
OOJIBIIYIO POJIb HEUETHO-HEYETHBIX M YETHO-HEUeT-
HBIX 3¢ ¢ekToB. [na Oomee neTambHBIX BBIBOJIOB
Heo0X0 MO TIonydYeHue nHpopMau o doroaere-
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un 2'Am amke nmopora peakuuu (y, nf) u yTouHe-
HUE BEJTUYHUHBI J I saep BOIU3H 1§§Sn82 .

YBenuueHne BEeNUUUHBI J C pocToM A 1 He-
2
YeTHBIX 10 Z SIEp B OTIHMUHE OT YeTHBIX sigep > U u
239
Pu ne naOmonaercs. Bornee Toro, mposBusercs

ymenbinenne J s >Y'Am mo cpaBHennio ¢ > Np
npu E,= 16 M»B. Ilpasaa, 310 pasnuuue HaxXoauT-
s B IIpeJieNax MOTPEMIHOCTH U3MEPEHNI U pacdeToB.

Pesynbrarer 3T0# paboThl OyayT OITyOIMKOBAHBI
B [3].

1. W.H. Bummnesckuii, B.A. XXenronoxckuii, O.W. JlaBu-
JoBckas u op., 3. PAH. Cep.dus. 73, 782 (2009).

2. W.H. Bumnesckuii, O.W. JlaBuaosckas, B.A. XKento-
Hoxckuit 1 A.H. Caspacos, 13e. PAH. Cep. ¢us. 74,
538 (2010).

3. W.H. Bummnesckuii, B.A. XKenronoxckuii u A.H. Cas-
pacos, 13B. PAH. Cep. ¢u3. (B meyarn).
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CHEKTPBI 2JIEKTPOHOB, BO3HUKAIOIIME MPU BOMBAPJUPOBKE TUTAHOBOW
MHUIIEHU B-YACTULIAMH TPUTHUS U o-YACTUIIAMHU **PU

A. U. ®eoktucros, B. T. Kynpsmkun, JI. I1. Cugopenko,
H. ®. Konomuen, A.B. KoBajenko

Hucmumym soepuvix uccneoosanuti HAH Yxpaunwt, Kues

HccnenoBan HU3KOIHEPTeTUUECKUI CIIEKTP IIEK-
TPOHOB, BO3HUKAIOUIMH TIpU 60MOapAUPOBKE MUIIIE-
HM THTaHa [3- YacTHLAMH U3 pacmaja Tpuths. M3me-
psAnack CKOpPOCTh cyeTa BpeMeHHbIX (fe)-coBma-
JEHUH OT BEIMYMHBI TOPMO3ALIET0 HaNpsKEHUS,
[I0JJaBa€MOro Ha MUIIEHb. YTOOBI CPaBHUTH CXOACT-
BO WIHM OTJIMYWE BIUSHUS Pa3NUYHBIX 3apsSHKEHHBIX
YacTHIL Ha MPOILIECC MOHU3ALNHU, B TEX ke dKCIEpH-
MEHTAJIbHBIX YCJIOBHUSX M C TOH K€ MULICHBIO, aHa-
JIOTUYHBIE HM3MEPEHMsI NMPOBEJCHBI C (-4aCTHLIAMHU
U3 pacmaga > Pu.

W3mepenust coBmaneHuil NMPOBOAMIUCH B JBYX
TeOMETPHUSX: «HA MPOITyCKaHue» (PUCYHOK, d) U «Ha
oTpaxxeHue» (PUCyHOK, 6). B mepBom ciyuae ucrou-
HUK TpUTHSA S pasmemaincs BOmM3m mumieHH T, a
MUIIEHBIO  CIYXHJIa  CaMOIOJEepKUBAIOIIAsACs
mwieHka Tutana ToamuHon 0,4 mxM. [locne npoxox-
JCHHUSI MUIICHH [3-4acTHIBI PErHCTPHPOBAIHCH Jie-
tektopom MCP,. BrinereBmvie mpu npoxoKICHUU
B-uacTuil Yepe3 MUIICHb SJICKTPOHBI TMOMAJATH HA
netektop MCP,, KOTOpbIii OBUT 3aKperuieH B BaKy-
YMHOH KaMepe HEMOJBHHO, @ BCE OCTAJIbHBIE 3JIe-
MeHTH! KoHCcTpykimu (MCPy, S, K, T) 3akpenmnsunch
Ha MOABMXHOM ocu O M MOITM NOBOPAaYMBATHCS.
MuriieHb, KOJUTUMATOP M UCTOYHHUK HaXOIWINCH TIPU
OJTHOM U TOM e noTeHuuane U, KoTOpbli U3MEHsLI-
Csl B IIPOLIecCe U3MEPEHUH.

B oakcnepumeHTe «Ha OTpaskeHHE» HENOCpen-
CTBEHHO 32 MHILIEHBIO pacIHojarajics JeTeKTop
B-gactur MCP, B TO Bpemsi Kak HCTOYHHK S mepe-
MeIIAJICs Ha MECTO, I/le paHblle HAXOAWJICS JETEK-
Top MCP;. B o0enx reomerpusix HccleI0BaIach
OHA M Ta K€ IIOBEPXHOCTh MHUILIEHH. VICTOYHHK
NpeACTaBIs CcOOOH MATHO TPHUTUS JUAMETPOM
22 MM, BHEAPEHHOTO B THUTAHOBYIO IMOJUIOXKKY AMa-
meTpoM 35 mM. CpemHsis 23HEpTHUs ero HeMPEepPBIBHO-
ro cmektpa PB-wactuip cocrasiser 5,69 £ 0,02 koB
NpyU TpaHWYHOU HHepruu 18 k3B, a axkTUBHOCTH
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ucTounnka 5 - 10’ Bk. MHTerpanbHeIi CIeKTp S71eK-
TPOHOB HOHHU3ALMU OMNpPENeNUICs KaK pa3sHOCTb
CIIEKTPOB «HA MPOILyCKaHUE» U «HA OTPAKECHUEY.

-t o -
(Sl =l

MCP,

MCP'. e N MCP:V emer N MCP,

a 6
CxeMa JKCIEpHUMEHTA: @ - «Ha MPOIMYyCKaHHe»; 6 - «Ha
oTpakeHHe». S - uctounuk; T - mumens; MCP, u MCP, -
nerextopsr; K - kommumaTop; O - och BpallieHus.

ITpu n3MepeHusIxX ¢ O-4acTULAMH UCTOYHHUK TPH-
THS 3aMEHSUICS IPOCTO UCTOYHHKOM > Pu 13 HaGopa
OCAMU. B paborte m3MepeHbl BpeMEHHBIE CIIEKTPHI
(0e)-coBmazcHW B HWHTEpBAJC 3a7ePKUBAIOIIETO
notenrnuana ot 0 go 400 B, Bcero uzmepeno 13 Tto-
YeK ¢ IKcIo3umuei 1 u.

IIpoBeneHHOE CpaBHEHHE CIEKTPOB 3JEKTPOHOB
npu nposere - u o-dactui yepes muiieHb Ti, mo-
Ka3aJ10, YTO HOHHU3AITUI0 aTOMOB TPy OOMOapaHpOB-
K€ MHIICHH 3apsDKEHHBIMHA YacTHIIAMH MOXHO
MIPEJICTaBUTh KaK d(P(eKT BCTPsICKH B 000MX Ciryda-
ax. Panee Takoe yTBepxIeHHE ObUIO CAETAHO HAMU
JUISL O-9aCTHIl TIPH HCCIICJOBAHUSAX HMOHU3AIMU JUIS
JIpyrux mumenei [1 - 3].

1. JLIL Cugpopenko, B.T. Kympsimkin, O.I. @eokricToB
ta €.I1. PoBercpkux, YOXK 55, 757 (2010).

2. B.T. Kynpsimikun, JLII. Cunopenko, A.M. ®eokruc-
toB U E.I. PoBenckux, JKOT® 139, 679 (2011).

3. B.T. Kynpsmikun, JLII. Cugopenko, A.U. deokrtuc-
ToB U E.I1. PoBerckux, YOXK 57, Ne 1, 5 (2012).
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HU3BKOEHEPIETHYHI EJEKTPOHM IOHI3ALII, IO BUHUKAIOTD
NP BOMBAPJIYBAHHI 30JI0TA 0-YACTUHKAMHU **Pu

B. T. Kynpsikin, JI. II. Cugopenko, O. 1. ®eokricToB, €. II. PoBeHchbKHX

Tnemumym adeprux docniosceno HAH Vipainu, Kuis

MeTtooM dacoBux (0.€)-30iriB JOCHTIKEHO HU3b-
KOCHEPreTHYHHUI CIIEKTP EJIEKTPOHIB, MO BHHUKAE
BHACIIIOK OoMOapyBaHHS aTOMIB MileHi Au o-ya-
cTiHKaMd 2 Pu. BUMipIOBaHHS €HEPreTHUHOTO CIic-
KTPY €JICKTPOHIB MPOBOAMIKCH Y JBOX TCOMETPIsAX
(puc. 1) - Ha TIPOITyCKaHHS Ta BiAOWTTSA, IPH ILOMY
B 000X BHMIIaJKaX O-YaCTUHKW BIJIITAIOTH 3 OJHIET 1
Ti€l 5K caMOi TOBEPXHi MIIIIEHi.

Y pobGori Oyio BHUMIPSHO YacoBi CIIEKTpH
(0e)-30iriB B reoMeTpii Ha MPOMYCKaHHsS 1 Ha Bif-
outts B inTepBan Bix 0 mo 400 B mpu pi3HuX 3Ha-
YEeHHSX 3aTPUMYI0Yoro noTeHuiany U HacTyImHHM
guroM: Big 0 mo 50 B, uepes koxni 5 B, Bix 50 no
100 B, uepe3 koxHi 10 B, Big 100 no 200 B, gepe3
koxHi 20 B, a Takox Bix 200 mo 400 B, gepe3 xoxHi
50 B; Bcroro 25 todok. Yac BUMIPIOBaHHS KOXKHOT
TOYKU CTAHOBUB 2 TOJI.

[IpencraBiaeHO 3aJeKHOCTI MIBHIAKOCTI JHYOW 3
eKCTIIepHMEHTIB Ha mporryckaHHsa N,(F) 1 Ha BiIOUTTS
Ny(E). TlonepeaHpo i3 MUX 3aJIeKHOCTEH OYB BHKIIIO-
YEHUH PO3MOALT ENEeKTPOHIB ONMN3bKOHYIBOBOI CHEp-
rii, o Mae micue B criekTpi nmpu eHeprisax E <24 eB.
PisHuis 1mBHaKoCTI 110K 30iriB B €KCIEPUMEHTAaX
Ha MPOIMYyCKaHHA 1 BiZOUTTS BU3HAYAIOTH 3aJICKHICTD
IIBUKOCTI Jiu0H (0€)-30iriB N(E) TiLIbKU 171 HIBH-
JKHX €IEKTPOHIB €f, sIKi BHJIITAIOTh B BaKyyM IIpU
iOHi3aIlil aTOMiB. 3 HHUX MOXHa OTPHUMATH IHTE-
rpanbHuii cnektp NAE) B intepBani Bin 0 go £ s
€ICKTPOHIB 10HI3aIlil, IO CTPYIIYIOTECS B HEMepe-
pBHHUH criekTp. Lle nae 3Mory nmpoBecTH TOpIBHSIHHS
OTPUMAHOTO €KCIEPHUMEHTAILHOTO PO3MOALTY €leKT-
POHIB 3 TEOPETHYHUM, SKUH CHIZyeE 3 PO3IISALY TPO-
IIecy ioHi3arlii sk epexTy cTpycy.

Xoua mJIg 30J10Ta YHUCI0 00O0JIOHOK 1 MiZ000I0HOK
3gayne, ajge maa K-, L- 1 M-00010HOK, BHACIiAOK
BETUKOI eHeprii 3B’s3Ky, iXHIM BKJIAJ y 3arajbHy
IHTEHCUBHICTB JIHIT HE MEPEBUIIY€E JICKUILKOX BiJICO-
TKiB, TOMY iXHiH BIUIMB Ha PO3MOJiJ EIEKTPOHIB IO
eHeprii B 00JacTi, IO PO3TILIIAETHCS, MIe MEHIIe 1
HUMH MOXKHa 3HEXTYBaTH. AHali3 BKIaAy IHIINX
Mi000JIOHOK TOKa3aB, IO eneKTpoHu N- u O-mif-
00OJIOHOK TaKOX BiJIrpalOTh HEBEIUKY POJIb ¥ PO3-
MOJUTI  €NIEKTPOHIB CTPYCy MO €Heprii 1 CyTTeBHH
BKJIa]] CIIOCTEPIraeTbesl TIbKHU Jist Oy 5-1111000T0HOK.
Tomy nmami po3moaia eneKTPOHiB 0 eHeprii mpencTa-
BJISIBCS. TaKWUM, IO CKIAQNAE€ThCsS 3 JBOX JOJAHKIB:
O,45-1iI000NOHKH Ta PIBHOMIIOYOI ycCiX iHIIUX 000-
noHOK. [lingroHka mpoBoAwiack 3a METOIOM Haid-
MEHIIMX KBAPATIB Y min MO BCIX 25 TOUKAX BHMIpIO

BaHb. Ha puc. 2 KOXHUI 13 pO3NOALTIIB MPeACTaBIeHO
NOPIBHAHO 3 EKCIEPUMEHTAIPHUMHU 3HAYCHHSAMU
N(E), 300paXeHMH Ha PUCYHKY TOUKaMH.

MCP1

MCP1
Puc.1. Cxema ekcriepuMeHTY Ha IPOITyCKaHHA
Ta Ha BiJOUTTSL.

N so00- dN/E

exp
5000 g4

4000
- 60

3000
L 40 0.5%0,, + 0.5%(2/40)
2000

20
1000

E=eU
Puc. 2. IlopiBHAHHSA €KCIIEPUMEHTANIBLHUX 3Ha4eHb NAE)
13 PO3MOALIOM, PO3PaXxOBAaHUM IS €IEKTPOHIB, IO CTPY-
mrytoTbes 3 Oy 51 piBHOAItOUOT ) /40 migobononok. Hase-
JICHO TaK0XX PO3paxyHKOBI Au(epeHLiiHI pO3MOIIN KX
€JIEKTPOHIB 110 €Heprii.

Panime ycmimHuil OMUC EKCIIEPHUMEHTAIBHOTO
PO3MOJIiTy €IEKTPOHIB 10HI3aIlii MO0 eHepTii, SKi BU-
HUKAIOTh BHACTIZIOK €EKTy CTPYCy, OyJI0 OTpUMaHO
HaMH T MileHed i3 amoMiniro Ta mimi [1, 2]. Te-
nep UeH OmuC MiATBEPIKYETbCS OTPUMAaHUM HAMH
PO3MOJIIIOM EIEKTPOHIB 1 JIJIsl MIllIeHI i3 30J10Ta, 10
Ma€e 3HAYHO OUTBIIE EJIEKTPOHIB Ha TiT00O0JOHKAX
aToMa, HDK y amoMiHil Ta migi. Crnocrepiraerbcs
rapHe y3roJUKEHHS MiX EKCIepUMEHTAILHUM PO3-
MOJTIJIOM €JIEKTPOHIB B HU3bKOEHEPTeTHYHI 001acTi
3 TEOPETHYHHM, II0 0a3yeThCsl Ha TPeACTaBICHHI
npotiecy ioHi3alii sk eexTy cTpycy.

1. JLII. Cupopenko, B.T.Kymnpsmkin, O.I. ®eoxricToB
ta €.I1. PoBencrkux, YOX 55, 757 (2010).

2. B.T. Kynpsmikun, JLIT. Cumoperko, O.1. deoxTrcToB
u E.I1. PoBenckux, XKOT® 139, 679 (2011).
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SAHNEPHA OI3UKA

HNEPEHOPMYBAHHA CHIHOBUX I''POMATI'HITHUX BITHOLIEHb
B M1-KOHBEPCIMHUX IEPEXOJAX

B. I. Kupumyk, A. Il Jlamko, T. M. Jlamko

Incmumym si0eprux docnioncenv HAH Yrpainu, Kuig

Sk HeomHOpa3o0BO 3a3HAYANIOCH [1], BHBUCHHS
BHYTPIIIHBOSIEPHOT KOHBepcii (eeKTy NpOoHHK-
HEHHS) Ja€ YHIKaIbHY MOXKJIHMBICTH €KCIIEPUMEHTa-
JBHO BHM3HAUUTU NEPEHOPMYBaHHS g-(aKTopiB Ipu

MaTpUYHHX  eJeMeHTaXx 3  omeparopoM S
(gs-takTopiB) y raminbTOHIaHi 3aJIMIIKOBOI B3a€EMO-
mii. HalBaXIWBILIOIO YAaCTUHOIO TaMiJIbTOHIAHA
3QJIAIITKOBOI B3aEMOJIIi € CIIH-MYJIBTHATIONBHA B3a€-
MOJisl, O MICTUTh TEH30pHI AOOYTKH omeparopa

criny S Ha cdepuuni Bektopu 7}, . Ilpu KoxxHOMY
L omepaTtop CIHiH-MyJIbTHIIONLHOT B3a€MOJIT BKIIIO-
4yae TPU KOMIIOHEHTH 3 iHnekcamu V=0, v=-1 1
v=+18T),:

ST, s STy, 5 ST,

LM > LM > LM >

(1

3 BI/JIMOBITHUMU KOHCTAHTAMH ¥/, .

Marpuunuii enement oneparopa ST, BXOIHUTH
10 BHpa3y Uil MarHiTHUX MYJIbTUIOJBHUX MOMEH-
TiB 1 B IMOBIPHICTh MArHITHOTO MYJILTHIIOIHEHOTO
BUIIPOMIHIOBAaHHSI, MAaTPUYHUI E€JIEMEHT oIepaTopa
ST,\, BXOIUTL B MATPUYHUI €TEMEHT NPOHUKHEHHS
JUIS aHOMAaJIbHOI KOHBEpCii eJeKTPUYHOI MYJIBTH-
TMONLHOCTI, a MaTpu4HUil enemMeHT oneparopa ST,

BXOJIUTh Y MAaTPUYHUN €JeMEHT MPOHHKHEHHS s
aHOMaJIbHOI MarHiTHOI KOHBepcii. 3HANWIIOBIIN Bij-
NOBiHI TepeHOPMyBaHHS gJ/g,"™° 3 BHUBYCHHS
Y-BUIIPOMIHIOBaHHSl Ta aHOMaJbHOI KOHBEpCii, MU
OJIEP)KMMO EKCIIEPUMEHTAIbHI 3HAUCHHS BCiX MaT-
PUYHUX €JIEMEHTIB, 1110 BXOJATh B OTIEPaTOP T'aMijib-
TOHIaHa 3aJIMIIKOBOI B3aemonii. | ko nmepeHopmy-
BaHHs JUIs IPOCTOrO MarHiTHoro omepatopa ST, ,
SIKAH B TUTIOJIBHOMY BHIAnKy (L = 1) € mpocTo orre-
patop §Z , J00pe BiloME 3 BHMBUYCHHS MAarHiTHUX

MOMEHTIB 1 MAarHiTHUX Y-TIEPEXOJIiB (BOHO TOPIBHIOE
B cepeaHpoMy mpubausHo 0,6), TO IS 3HAXOIKEH-
HSl TIGPEHOPMYBAHHS IBOX 1HIIMX ONEPaTopiB y BU-
pasax (1) BUBYEHHS aHOMaJIbHOI KOHBepCii € €u-
HUM Ha CHOTOJHINIHINA JEHb HIJIIXOM, IO JA€ KOH-
KPETHUH KUTbKICHUHA Pe3yJIbTar.

Ha wmarniTHOMY [-crieKTpoMeTpi THILy 72 i3
3II3HUM IPMOM 1 paziycoM piBHOBaXHOI OpOiTH
50 cM OyJI0 MPOBEICHO BUMIPIOBAHHS CIIEKTPIB eJie-
KTPOHIB BHYTPIIIHBbOT KOHBEPCIi psAy MPUTHIYEHUX
POTAIifHUX Y-TIEPEXOMiB B 1Er, 'Er, "Hf 1 "'In,
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IUISL IKUX MOJKJIIMBI aHOMaJii B Koe(dimieHTax BHYT-
pimHBOi KoHBepcii (KBK), obOymoBieHi edekrom
MPOHUKHEHHS. 3 BHCOKOK TOYHICTIO BHU3HAYECHO
abcomrotHi ta BigHocHi KBK mwa K- Ta L-mig-
00OJIOHKaX  aTroMiB, IapaMeTpu  3MilllyBaHHS
O(E2/M1) 1 mapaMeTpu TPOHWKHEHHS A Ui
M1 -KOMIIOHEHTH LIUX MIEPEXO/IIB.

Bennunna A BU3HAUEHA SIK BiJHOIICHHS MaTpHU-
HUX CIIEMEHTIB MPOHUKHEHHS Ta BUIIPOMiHIOBAHHSI.
ToOTO SKIIO OMIPSTHO MapIiabHUIN Tepio/ HaIliB-
po3mnany s pamianiiaoro mepexomny, a 3 KBK ome-
PXKaHO eKCIIepUMEHTAIbHE 3HaueHHs A“7, To MOXKHa
3HAUTH EKCIICPUMCHTAJIbHE 3HAYCHHS SIICPHOTO
MaTPUYHOTO €JIEMEHTa MPOHUKHEHHs. [lopiBHSBIIN
HOro 3 TEOPETUYHUM 3HAYCHHSIM, MOXKHA 3HANUTH
BEJIMYHMHY TIEPEHOPMYBaHHS g-(paKkTopa.

Y Tabmuii NpeAcTaBICHO EKCIePUMEHTAIbHI
3HAYCHHS] TIEPEHOPMYBAHHS CIIHOBOT'O TipOMArHiT-
HOTO BiAHOIIEHHS B poTamiiiHuxX M1-mepexomax y
gy, ""Hf i "'Ir, saxi 6yno omepxano mpu mopis-
HSHHI EKCIICPUMEHTAIBHUX MATPUYHHUX EJICMCHTIB
MPOHUKHEHHSI, YIIEpIie OTPUMAaHUX HaMH, 3 Teope-
TUYHUMH, OOYMCICHUMHU Ha 0a3l XBHJIbOBUX (YHK-
uiit morexniany HinscoHa.

ExcnepuMeHTAIbHI 3HAYEHHS TIEPEHOPMYBAHHS
CIiHOBMX ripoMarHiTHuX BixHomens gy(M1)/g,™(p)
i g(M1)/g,"(n) y M1-kouBepciiinux nepexoaax
v "SEr, THf ra "r

Sapo | Ey, keB | g(M1)/g™(p) | g(M1)/g,*(n)
'“Er | 84,0 0,70 = 0,18
THE | 113,0 0,57 + 0,08
S| 1294 | 0,574 40,023

CepenHe 3HaYCHHS IEPEHOPMYBaHHS g,-(akTopa
asa HelitponHux nepexonis y '“Er i '""Hf, o6unc-
JICHE 3a JTaHAMU TabuIIi, CTaHOBHTh
g(M1)/g™(n) = 0,59 + 0,07. Bemmunna mnepeHoOp-
MyBaHHA g, -(akTopa, ofep)aHa 3 JaHUX IO aHO-

ManbpHI M1-koHBepcii, OiM3bKa 3a 3HAYCHHSIM [0
nepeHopMyBaHHsl g-(akrtopa s M1-mepexois,
SKEe OJIEP aHO 3 BHBYCHHS MArHITHUX MOMECHTIB
smep. SIkoro Miporo 1iei 30ir He € BHITaIKOBHM, CKa-
3aTH 3apa3 BaXKKO, ajie BaXKJIIUBO IMPOJOBXKUTH BH-
BYCHHS Li€l TpoOIIeMH.

1. M.A. Jlucrenrapres u dp., I3s. AH CCCP. Cep. pus.
40, 712 (1976).
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TAMMA-JIYYH U3 PACHAJA ""™Lu

A. II. Jlamko, T. H. JIamko

Hucmumym soepuvix uccneoosanuti HAH Yxpaunwt, Kues

Uzomep 177mp (Ty, =160 cyT) sBIsIETCS BechMa
MEPCIEKTUBHBIM SIIPOM, 4TOOBI HCIIOIb30BATh €r0 B
KayecTBe KalIHOPOBOYHOTO HCTOYHUKA IS HYXI
SIIEPHON CIEKTPOCKONMUH. Y IOOHBIH MepHoA Moiy-
pacmana, mpocTota HapaOOTKH u30Toma B (N, Y)-pe-
akquu u  Oosnee 40 OOCTaTOYHO MHTEHCHUBHBIX
y-muauid B obmactu (105 +465) k3B nenarotr ero
MIPUBJIEKATENbHBIM AJISI 3THX LIETIeH.

OHepruu 38 Y-mepexof 0B U3MEPEHBI C BBICOKOU
(B HECKOJIBLKO 3JIEKTPOH-BOJIBT) TOYHOCTHIO HA IIO-
JYTIPOBOJHUKOBOM CIIEKTPOMETpE Oyarogapsi opu-
THHAJIBHOW METOAMKE I'PadyHUpOBKH CIEKTpa, paspa-
OortanHO# Tpymnmoi [1]. B mame# npeapiaymeii pa-
6ore [2] Ha MarHuTHOM [-CHEKTpOMeTpe THIIA

732 6bum U3MEPEHBbI Pa3HOCTH DHEPTUN HECKOJIb-
KUX TIIEpEXOI0B B "Lu ""Hf, CoBmecTHbIii anamns
PE3yIABTAaTOB MOKAa3aJl OTCYTCTBUE CUCTEMATHYECKUX
OmMOOK B ONPENEICHUN SHEPTHH MEePeXOf0B U 3TH
JTaHHBIC OBUIM PEKOMEHIOBAHBI JIJISl MCIIOJIb30BaHUS
B KaU€CTBE PHEPTeTUYECKUX CTaHAapPTOB.

MHTEHCUBHOCTU CUJIBHBIX Y-JIy4€d H3BECTHBI C
TOYHOCTEIO (2 + 5) %, OIHAKO €CTh pa3HOINIacus B
OIICHKaX WHTCHCHBHOCTEH HEKOTOPBIX OoJiee cia-
Oblx nuHWA. Hamm HBHENIHWE WCCIeA0BaHUS
JIOJDKHBI OBUTH MPOSICHUTH BCE CIIOPHBIC BOIIPOCHI B
3TOM 00JacTH.

OTHOCUTENbHBIE MHTEHCUBHOCTH Y-JTyuei, BO3-
Oy natolecs Ipy pacmaze ' "Lu, GbUIM H3Mepe-
Hbl Ha Y-CIIEKTPOMETpPE, BKIJIFOUAIONIEM B ceOs JBa
FOPU3OHTANbHBIX KoakcuanbHblx HPGe-nerekropa
GMX-30190 u GEM-40195 c pa3zpemenuem 1,89 u
1,73 3B Ha y-muamn 1,33 MaB “Co u sddexrns-
HOCThIO peructpanuu 33 u 43 % COOTBETCTBEHHO, a
TaKke MHOrokaHanbHbI Oydep 919 SPECTRUM
MASTER ¢upmer ORTEC.

Ucrounukn '""™Lu noxydeHs B peakiuu (1, Y) Ha
nccaenoBarensckoM peaktrope BBP-M UMSIN HAH
VYkpauHbl Ipy 00JTy4YeHUH HEUTPOHAMHU MHIICHEH W3
oGoramensoro ' °Lu. V3MepeHMs HPOBOIMINCH C
BBJIEP)KKOW B JIBa MecCsIla TOCIe OKOHYaHHUS 00ITy-
yeHus, uyTOOBl MONHOCTBIO  pacmaics ' 'Lu
(T, = 6,6 cyT), ceyeHne aKTUBAIMU KOTOPOTO 3HA-
YUTENBHO BBIIIIE.

Belna BBINIOJIHEHA TIIATENbHAS TPagyHpOBKa Je-
TEKTOPOB MO dS((EKTUBHOCTH PETHCTPALUKN TIPH
IIOMOIIN OOPa3LOBBIX CIHEKTPOMETPHUECKUX Y-HIC-
TOYHHKOB 6OCo, 133Ba, 137Cs, 152Eu, 2Th u *'Am B

nuanazoHe sHepruii ot 26 go 1620 k3B. dopma
KpuBOH 3(PPEKTUBHOCTH XOPOIIO OIHUCHIBACTCS
¢ynkumerr KommoOenna, ommbOka TrpagyupoBKH JUIs
000MX JETeKTOpOB He mpeBblmaer 2 % BO BCeM
JIMATa30He PHEPTU.

PesynbraThl M3MepeHUi MpHUBEICHHI B TabiwMIe.
DHepruu y-nepexoaoB B3sTh u3 [1].

OTHOCHTE/IbHbIE HHTEHCHBHOCTH Y-J1y4ei,
BO30y:K1aK0NIMecs IpH pacnazge " Lu

E,, k3B I, oTH. en. E,, k3B I, oTH. en.
105,3589 100 249,6742 49,0(9)
112,9498 173,0(25) 268,7847 27,4(7)
115,8682 5,12(14) 281,7868 112,6(23)
121,6211 48,2(8) 283,609 3,23(26)
128,5027 126,1(18) 291,5429 8,14(30)
136,7245 11,47(23) 292,5266 6,75(10)
145,7693 7,65(13) 296,4584 39,8(8)
147,1637 28,1(4) 299,0534 13,11(29)
153,2842 136,2(20) 305,5033 14,11(29)
159,7341 4,21(9) 313,7250 9,93)
171,8574 38,1(6) 319,0210 83,1(23)
174,3988 100,8(14) 321,3159 10,3(4)
177,0007 28,6(4) 327,6829 145,9(28)
181,9093 0,77(7) 341,6432 13,8(4)
195,5602 6,60(12) 367,4174 25,1(6)
204,1050 109,2(16) 378,5036 241(5)
208,3662 482(7) 385,0304 25,4(4)
214,4341 51,8(7) 413,6637 138,8(21)
218,1038 26,8(5) 418,5388 171,7(23)
228,4838 296(5) 426,4726 3,64(16)
233,8615 44,5(7) 465,8416 19,8(3)

242,07 0,458(24)

[MpuMeHeHue pa3nUYHBIX THIIOB AETEKTOPOB TO-
3BOJIWJIO YJIYYLIUTh TOYHOCTH ONPEAEICHUS OTHO-
CUTENbHBIX HMHTEHCHUBHOCTEH Y-lIy4ueld B oOnactu
sHepruii Boimie 100 k3B. Hamwm nanHele Xopoiro
COIJIACYIOTCSI C PE€3yJIbTaTaMH JPYTUX aBTOPOB, HO
UMEIOT 0ojiee BBICOKYIO TOYHOCTb. JTO MO3BOJISIET
pexoMeH0BaTh | "Lu K HCIONb30BAHMIO B KauecT-
BE KaJIMOPOBOYHOIO MCTOYHHMKA TaKXke M Uil Ipa-
JQYUPOBKH TIOJyIPOBOJHUKOBBIX JIETEKTOPOB 10
3¢ PEKTUBHOCTH PETUCTPALINH.

1. S. Matsui, H. Inoue, and Y. Yoshizawa, Nucl. Instrum.
Meth. Phys. Res. A281, 568 (1989).

2. AJl Jlamko Tta T.M.Jlamko, Snepna ¢i3uka Ta
enepreruka, 10, Ne 2, 152 (2009).
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EHEPI'Ii TAMMA-IIPOMEHIB, IO CYHPOBOKYIOTh PO3NAJ '“Hf

A. II. Jlamxko, T. M. Jlamko

Tnecmumym soepuux docnioxcenv HAH Yrpainu, Kuis

Enextponnuii 3axBar Sy (T2 =70 ni6) moci-
JUKyBaBcsl Oaratbma aBTOpamu. [IpoTe 1 Ha ChOTO-
nuimHiA gens eneprii piemie '°Lu y Bepxmiii uac-
THHI CXEMH PO3Maay Ta MepexoiB MiX HUMH BiioMi
JIMIIE 3 TOYHICTIO 10 COTEHB, a B KPAIIOMY BUIAJIKY
— B KUJIbKA JICCATKIB €JICKTPOH-BOJIBT. 3HAYHO Kpallle
BH3HAYEH] eHeprii piBHIB y HIDKHIM 4acTHHI CXeMH,
aki  30ymKyooThes  mpu P-posmaxi °Yb
(Ty2=4,2 noOu). Bumipu eneprii KinbKoX mNepexo-
IiB Ha KpUCTaI-TA(pakmifHOMy criekTpomMeTpi [1]
JIaJIi 3MOTy 3MEHIITUTH MOXUOKY 110 (2 + 4) - 107,

Panime [2, 3] HaMu 3 BHCOKOIO TOYHICTIO OYJI0
BU3HAYEHO eHepriio JiHii Y346 keB i3 posnaxy '*'Hf,
a TaKOXK PI3HMINO eHepriii mepexoxis y346 '“'Hf -
¥343 'Hf, mo 1ano 3Mory CyTTEBO yTOUHHTH €Hep-
Tif0 OCTaHHLOTO. METOI0 HaIIMX TEMEPINTHIX TOCITi-
J0KeHb Oylio yTouHeHHs eHeprii mepexoniB Y230 i
Y433 keB Ta KOpekIlis Ha OCHOBI HOBHX EKCIICPH-
MEHTAIBHMX IaHUX eHeprii piBHiB '~Lu Ta pos-
PAAKAIOUUX 1X Y-KBaHTIB.

Jlxepena BunpomintoBanns | °Hf Gyti otpumani
B peakmii (n,Yy) Ha JOCHIIHWUIBKOMY peaKTopi
A HAH Vkpainu. BukopucroByBanu radHieBi
MillIeH] 3 MPUPOJHUM BMIiCTOM 130TOMIB.

B sikocTi Kepen BHIPOMIHIOBAHHS pENICPHHX Y-
KBaHTIB HAMOLIBIII 3pYYHUMH TSI IIUX IIiJIeH BUSBH-
JIUCS 2y (T2 = 13,5 pokiB) 1 1921y
(Ty, = 73,8 nobn), gxi Oynu HalpalbOBaHi B peaKIii
(n,y) mpm OmMpOMiHEHHI TEIUIOBUMH HEWTpPOHAMHU
€BPOIiI0 Ta ipHilo, 36araueHux isoromamu  Eu Ta
Y pignosigmo. Byno BUroToBieHO KilbKa pPi3HHUX
JUKEpell BUIPOMIHIOBAHHS 13 CyMilli JBOX 130TOIIIB
(‘PHf + "*Eu ta '"Hf + '’Ir) 3 pi3saumu criBBingHo-
IICHHSIMH aKTUBHOCTEH IMX PaiOHYKII/IiB.

BuMiproBaHHS TPOBOAMJIM Ha 7Y-CIIEKTPOMETPI,
SIKMH CKJIAIaBCsl 3 IBOX FOPU30HTAIBHUX KOAKCiasb-
HAX  JCTEKTOpIB 13  HAAYUCTOTO  TEePMaHIIO0
(GEM-40195 Ta GMX-30190 3 po3aiibHOIO 31aTHI-
ctio 1,73 i 1,89 keB na ninii Y1332 “Co Bixnosiamo)
Ta OararokanampHoro Oydepa 919 SPECTRUM
MASTER ¢ipmu ORTEC. Byno nomipsiHO pi3HHII
eHeprii Mix 4 mapamu Y-poMmeHiB: Y245 -7230,
Y230 - 205, 433 -v411 Ta Y468 -y433. Opun
Y-TIepexiJl i3 KOKHOI apy 30y IKYEThCS TIPU pO3Mai
""Hf, a npyruii, eHepris AKOro BiZOMa 3 BHCOKOIO
TOYHICTIO, CYTPOBOKYE po3man ' Eu a6o '*Ir.

o6 3BecTH 10 MiHIMYMYy MOXJIMBI CHCTEMAaTH-
YHI OXHOKH, BUMIPIOBaHHS IPOBOAMIIM CEPisIMH Ha
JDKepelax BUIPOMIHIOBAHHS 3 PI3HUMH CITiBBiTHO-
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IIEHHAMH NHTOMHX akTHBHOCTeH '~Hf ta '“Eu i
20y, pu pisHEX KoedilieHTax MiICHICHHS Ta pi3-
HUX MIMPUHAX KaHAy aMIUTiTyIHO-IH(POBOTO Iie-
perBoproBaua (8192 i 16384 piBHS KBaHTyBaHHS
BXIIHOTO CHTHay). Ychoro Oylo BUKOHaHO 36 ce-
piit BUMipiB.

OTtpuMaHni faHi mpo eHeprii Y-IIpoOMeHiB Ta 3Ha-
YeHHS eHeprii TppOX mepexoiB 3 [1] Oymu BUKOpuC-
TaHl HAMHU ISl PO3PaxyHKy eHeprii 30yIKeHuX cra-
uis 'Lu.

[Ticns BU3HAauYeHHs eHeprii piBHIB simpa Oyio He-
CKJIQJIHO PO3paxyBaTh M eHeprii Y-IepexomiB Mix
HUMH. Pe3ynbTath po3paxyHKIB NpEACTaBICHO B
TadJIMI.

VTouHeHi 3HaueHHs1 eneprii piBHiB '"Lu
. . « 175
i y-npomeniB, mo 36yKyI0ThCs B po3naxi ' Hf

Eneprii, eB

piBHIB Y-IIpOMEHIB
113800,8 +2,8 113800,8 2,8

251459+ 4 137658 £ 5

251459 +4
3434102+ 1,9 229609,2+3,4
343409,8 £ 1,9

396322+ 5 144863 £ 6

282521 £6

396322+ 5

432772 +5 893625

318971+6

4327715

OtpumaHi 3HaueHHs eHeprii piBHiB ' ~Lu Ta
Y-IIPOMEHIB, IO CYyIPOBOMKYIOTh po3max ' Hf,
no0pe y3roJUKYIOTbCA 3 JAaHUMHU IHIIUX EKCIepH-
MEHTAIFHUX POOIT, alie MepeBepIIyloTh X 3a TOYHI-
cTio. BigzHaummo Takok, IO €HEPTis HAWOUTHIT
iHTeHCHBHOTO Tiepexony Y343 keB Bu3zHauena Hamu
3 oxu6KoI0, Kpauioro 3a 107, Taka TouHICTh Bijmo-
BiJla€ BUMOTAM MIOJIO JIiHiH, SKi MOXYTh OyTU BHKO-
pHUCTaHi K EHEpPreTH4Hi CTaHIapTH Uil SAEPHOI
CIEKTPOCKOIIii. 3BaXKarouM Ha 1€, MU PEKOMEHIyEMO
BUKOPHUCTOBYBATH 11 B SIKOCTI €HEPreTHYHOT HOpMai
YETBEPTOrO MOPSIIKY.

1. 1.D. Reierson, G.C.Nelson, and E.N. Hatch, Nucl.
Phys. A153, 109 (1970).

2. A.P. Lashko and T.M. Lashko, Ukr. J. Phys. 54, 678
(2009).

3. A.IL Jlamko ta T.M. Jlamko, Y®X, 54, 337 (2009).
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ABOUT RESEARCH CORRELATION OF AN OUTGOING DIRECTION "SHAKE-OFF"
ELECTRON WITH AN OUTGOING DIRECTION OF POSITRON AT B*-DECAY

N. F. Mitrokhovich

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

The investigations of space correlations in
emitting an electron of "shake-off" and main (basic)
particle (positron at B*-decay or electron at B -decay)
are complementing one another and in joint
researches are specially relevant. In particular, for
the undestanding mechanism, accountable for obser-
vation of these correlations [1 - 3], as the charge and
current components of interaction at - and
B'-decay are various. On our data correlation of
emitting "shake-of" electron along direction motion
main particle is large. It increases with energy of an
electron of "shake-off" qualitatively follows to rela-
tion ~ E'?, i.e. is proportional to momentum "shake-
off" electron. It some points to interaction, responsi-
ble for correlation motion of "shake-off” electron
and particle, as interaction of currents from moving
this charge particles. If it so, the space correlations
in emitting an electron of "shake-off" and main par-
ticle at - or B'-decay should be different, as the
currents created by motion of an electron and a posi-
tron are inverse.

The experimental implementation observation of
correlations at B'-decay is adduced in the Fig. 1.

NaJ(Tl)
511
Vlol1 | s Ys U Us
c I] r/'fqh MCP
e U r
° S  Em B 511
152Eu
NaJ(Tl)

Fig. 1. The technique of definition correlating of motion
of egp-electron "shake-off" with a positron at measure-
ment yys;;B'- and Yys;,B e,-coincidences from a source S
2By at registration of electrons of "shake-off" eg, on
e,-electrons of the secondary electron emission.
MCP-detectors of electrons (left and right), NaJ(Tl) -
scintillation detectors, Em - emitter of e,-electrons.

In measurements it is necessary to receive rela-
tive (in relation to y344) intensity of a y-quantum
511 keV in spectra of treble and quarter coinci-
dences. The y-spectrum Yys;; -coincidencies corres-
ponds to an arbitrary direction of emitting of an elec-
tron of "shake-off" eg, in relation to a positron. The
quarter Yys; 1B+eo-coincidencies correspond to emit-
ting of an electron of "shake-off" eg, along the
direction of mooving of a positron.

As the intensity B’-component is low (estimates
at 0.05 % from decay), in the Fig. 2 the only ob-
tained at present times data from measurements with
treble W511|3+ -coincidences with reasonable statistics
are adduced. The data set in quarter W511B+e0—coin—
cidences is prolonged.

140
N } 344

120 4 . 152

i in “°Eu e+ decay
100 %
80
60 5

40 511

0 T T P
50 100 150 Nk 200

* 7y, B-coincidencies

Fig. 2. The y-spectrum in coincidence with photo-part of
v-quantum 511 keV from other y-detector and with posi-
tron, registered by right MCP detector.

1. N.F. Mitrokhovich, Annual Report — 2010, Institute
for Nuclear Research (Kyiv, 2011), p. 46.

2. N.F. Mitrokhovich, Nuclear Physics and Atomic
Energy 2, 136 (2010).

3. N.F. Mitrokhovich, in Proc. of the 3-rd Int. Conf.
“Current Problems in Nuclear Physics and Atomic
Energy” (NPAE-Kyiv2010) (Kyiv, 2011), Part 1, p.
312.
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EXITATION OF 0" STATES IN **Th NUCLEUS IN 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-Universitat Miinchen, Garching, Germany

Already in arlier publication [1] a conclusion was
made that the nature of the first excited 0" states in
the actinide nuclei is different from that in the rare
earth region where they are due to the quadrupole
vibration. The strong excitations in the (p, t)-reaction
suggest that these states represent a collective excita-
tion different from the B-vibration. Because of octu-
pole degrees of freedom in the actinide region one
has to expect a complicated picture at higher excita-
tions: 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 proper-
ties of such excitations is needed. The excitation
spectra in the deformed nucleus ***Th were studied
by means of the (p, t) reaction. A radioactive target
of 100 pg/cm’® *°Th with half life Ty,=8 - 10* yr
evaporated on a 22 pg/cm’ thick carbon backing was
bombarded with 25 MeV protons of an intensity of
1 -2 pA from the Munich Tandem accelerator. The
isotopic purity of the target was about 99 %. The
tritons were analyzed with the Q3D magnetic spec-
trograph 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 identifica-
tion. The resulting triton spectra have a resolution of
4 - 7keV (FWHM) and are background free.

The angular distributions of tritons are measured
for about 110 excitations seen in the triton spectra up
to 2.5 MeV. The spins of the excited states in the
final nucleus **Th were assigned via an analysis of
the angular distributions of tritons from the (p,t)
reaction. The angular distributions for 0" excitations
have a steeply rising cross section at very small reac-
tion angles and a sharp minimum at a detection
angle of about 14°. This pronounced feature can help
to identify these states in complicated and dense
spectra even without fitting experimental angular
distributions.

HIOPIYHUK - 2011
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Angular distributions of assigned 0" states in 2™

and their fit with CHUCK3 one-step calculations

No complication of these angular distributions was
expected, since the excitation of 0" states predomi-
nantly is a one-step process. Results of fitting the
angular distributions for the states assigned as 0"
excitations are shown in Figure. Firm 0" assign-
ments are made for 16 excited states by comparison
of experimental angular distributions with the calcu-
lated ones using the CHUCK3 code. Additional tenta-
tive assignments are possible for 2 states.

Calculations with interacting boson model and
quasiparticle-phonon model in order to account for
the number of states detected and to make detailed
predictions on their properties are in progress.

1. V.Maher, JR. Erskine, AM. Friedman et al., Phys.
Rev. C5, 1380 (1972).
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FINAL RESULTS OF AN EXPERIMENT TO SEARCH FOR 2B PROCESSES IN ZINC
AND TUNGSTEN WITH THE HELP OF RADIOPURE ZnWO, CRYSTAL SCINTILLATORS

P. Belli', R. Bernabei'?, F. Cappella®’, R. Cerulli®, F. A. Danevich®, S.d'Angelo™?,
A. Incicchitti®**, V.V.Kobychev®, D.V. Poda®®, V.. Tretyak®

! INFN sezione di Roma “Tor Vergata”, Rome, Italy
? Dipartimento di Fisica, Universita di Roma “Tor Vergata”, Rome, Italy
4 INFN sezione di Roma “La Sapienza”, Rome, Italy
* Dipartimento di Fisica, Universita di Roma “La Sapienza”, Rome, Italy
° INFN, Laboratori Nazionali del Gran Sasso, Assergi (AQ), Italy
% Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

A search for double beta decay of zinc and tung-
sten isotopes has been performed with the help of
radiopure ZnWO, crystal scintillators at the Gran
Sasso National Laboratories of the INFN. The total
exposure of the low background measurements is
0.529 kg - yr. The detector with the ZnWOj, crystals,
experimental set-up, measurements, data analysis
and preliminary results are described in [1, 2]. Radi-
popurity of the ZnWOj, scintillators has been studied
in [3]. Components of the background and distribu-
tions of 23 processes searched for were simulated
with the help of GEANT4 package [4] and event
generator DECAYO0 [5]. Fits of the experimental
data in different energy regions of the background
spectra obtained by combining the measured spectra
for various runs give the new limits on 2[3 processes
in Zn and W isotopes listed in the Table. For in-
stance, the energy spectrum of background obtained
by sum of data accumulated with the ZnWOQO, sam-
ples with an exposure 0.349 kg - yr in the low back-

ground set-up is shown in the Figure.
10*

v Bi, 1120; ®Zn, 1116 + Cu X rays
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The measured energy spectrum of the ZnWO, crystal
scintillators (the total exposure is 0.349 kg - yr) in the low
background DAMA/R&D set-up together with the GE-
ANT4-simulated response functions for the 8B+ process
in *Zn excluded at 90 % C.L. The most important com-
ponents of the background are shown too. The energies of
v lines are in keV.

The new half-life limits on 2 decay of Zn and W.

. . ~
Nuclide Decay Experimental lim77,, at 90%
channel C.L.
2v2K >1.1-10" yr
Sh7 Ov2e >32-10"yr
2veB” >94-107yr
OveB” >8.5-10"yr
2v2B~ >3.8-10"%yr
0v2B~ >32-10" yr
Zn 0v2B M1 >6.0-10"%yr
0v2B M2 >4.7-10"% yr
0v23 bM >54-10"%yr
180y 2v2K >1.0-10"% yr
0v2e >13-10%yr
2v2B~ >23-10"yr
86y 2v2B7(2,") >1.8-10"yr
0v2B M2 >1.1-10"yr
0v2B bM >1.1-10"yr

All the half-life limits obtained in the present
work are near one—two orders of magnitude higher
than those established in previous experiments.

This study was supported in part by the Project
“Double beta decay and neutrino properties” for
young scientists of NASU.

The results of this work are published in [6].
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FIRST SEARCH FOR DOUBLE B DECAY OF DYSPROSIUM

P. Belli', R. Bernabei*? F. Cappella®®, R. Cerulli®, F. A. Danevich®, S.d'Angelo™?,
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V.. Tretyak®, R.P.Yavetskiy’

" INFN sez. di Roma “Tor Vergata”, Rome, Italy
? Dipartimento di Fisica, Universita di Roma “Tor Vergata”, Rome, Italy
3 INFN, sez. di Roma “La Sapienza”, Rome, Italy
? Dipartimento di Fisica, Universita di Roma “La Sapienza”, Rome, Italy
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S Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
” Institute for Single Crystals, Kharkiv

There are two potentially 2 active dysprosium
isotopes: '*°Dy (energy of decay 0y =2012(6) keV,
isotopic abundance &=0.056(3)%) and '*Dy
(O2p = 284.6(2.5) keV, 8= 0.095(3) %). Despite low
isotopic abundance the nuclides are very interesting
because of the possibility of a resonant enhancement
of the neutrinoless double electron capture due to
energy degeneracy. The resonant double electron
capture was discussed in Refs. [1 - 5], where an en-
hancement of the decay rate by some orders of mag-
nitude was predicted for the case of coincidence
between the released energy and the energy of an
excited state. According to [4], high Z atoms are
strongly favored to search for resonant 2¢ decay.
Dysprosium has one of the highest Z among nuclides
for which resonant processes could occur.

A search for 2p decay of dysprosium was real-
ized for the first time with the help of an ultra-low
background HPGe vy detector of 244 cm’ volume
using a 322 g sample of high purity dysprosium
oxide (Dy,0;). The energy spectra accumulated with
the dysprosium sample over 2512 h and without
sample over 6110 h are presented in the Figure. We
have found that the Dy,0; sample contains on the
level of several mBq/kg '"°Lu, **U and **°Ra; the
activities of ***Ra and ***Th are =~0.18 and
~ 0.16 Bg/kg, respectively. Limits on 2 processes
in "Dy and "**Dy have been established at the level
of Ty ~ 10™-10' yr by analysis of the accumu-
lated data.

Resonant 0v2e processes in **Dy have been re-
stricted as:

T1n(OV2K — 27 19148 keV) > 1.1-10"yr,
Tiyo(OVKL, — 17 1946.4 keV) > 9.6-10"yr,
Tio(OVKL, — 07 19524 keV) > 2.6-10"yr,
Ti(0V2L; — 0" 1988.5 keV) > 1.9-10"yr,
Tin(0V2L; — 27 2003.8 keV) > 3.0-10"yr.

TOPIYHUK - 2011

As a by-product of the experiment, a search for
alpha decay of dysprosium isotopes (‘**Dy, '*Dy,
"Dy, "“'Dy and '®’Dy) to the excited levels of
daughter nuclei was realized on the level of sensiti-
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Energy spectra accumulated with dysprosium sample over
2512 h (Dy,0;) and without sample over 6110 h (BG) by
ultra-low background HPGe 7y spectrometer. The low
energy part of the spectra is shown in Inset. Energy of y
lines are in keV.
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The results of the experiment are published in [6].
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FIRST SEARCH FOR DOUBLE B DECAY PROCESSES IN Pt AND Pt
BY ULTRA-LOW BACKGROUND HP Ge y SPECTROMETRY
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The investigation of the double beta (23) decay is
considered now as one of the most sensitive probe of
physics beyond the Standard Model of particles and
interactions. The Pt is one of the twenty-two po-
tentially eB” active nuclei [1]. The energy of double
beta decay of '*°Pt is 0= (1383 £6) keV. It is also
worth noting that in the capture of two electrons
from external atomic shells, the energy release is
close to the energy of the excited level of '*°Os with
E..=1382.4 keV. Such a coincidence should give a
resonant enhancement of the neutrinoless double
electron capture in result of energy degeneracy. The
possibility of the resonant neutrinoless double elec-
tron capture was discussed in [2 - 4], where an en-
hancement of the rate by a few orders of magnitude
was predicted. According to [5] high Z atoms are
strongly favoured to search for resonant 2¢ decay. It
should be noted that '*°Pt has the greatest Z value
among the nuclei for which a resonant double elec-
tron capture is possible.

A search for double B processes in *°Pt and '**Pt
was realized with the help of an ultra-low back-
ground HPGe 7y spectrometer of 468 cm’ in the un-
derground Gran Sasso National Laboratories of the
INFN (Italy). The data with the platinum sample
were accumulated over 1816 h, while the back-
ground spectrum was taken over 1046 h. The spectra
normalized on the time of measurements are pre-
sented in the Figure. Limits on 2P processes in '*°Pt
(eB” and 2¢) have been established on the level of
10'* - 10'® yr by analysis of the data in different
energy intervals. The obtained limits are 3 to 5 or-
ders of magnitude higher than those known previ-
ously. In particular, a possible resonant double elec-
tron capture in Pt was restricted on the level of
3.3-10" yr. In addition, 7}, limit on 2@ decay of

Pt (2v + 0V) to the 2 excited level of '"*Hg has
been set at the first time: 7;,>4.0 - 10'® yr.

The measurements allowed us to estimate the ra-
dioactive contamination of the used platinum sam-
ple. We have detected 6 mBqg/kg of "’'Cs and
35 mBq/kg of "*™Ir in the sample; the contamination
of %Co, ***Ra, **®Ra and ***Th does not exceed the
level of a few mBq/kg, while the activities of K,
35U, 28U are less than a few tens mBq/kg (we
assume a broken equilibrium in U/Th chains). The
contamination of *'°Pb is limited as < 16 Bg/kg.

; o decay of 'py, 137
T o
2 2 pp,239
- )
X 13 |g [ 296 308,316
o < | |89 e,
- |5 [ J, o 2
b |'I 3./_'!: Ir, 468 J”E_-_L-!_(ﬂ
g lp R & "1, 604,612
o 1 ['VCs, 662 v

198 h“clo
TACOIL 737 1333
W

W

W v

Background
10 -

500 1000 1500

Energy (keV)
Energy distributions measured with the 42.6 g platinum
sample over 1816 h (Pt) and without the sample over
1046 h (Background) by ultra-low background HP Ge y
spectrometer. The energies of the v lines are in keV.

The results of the experiment are published in [6].
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A cadmium tungstate crystal boule enriched in
"°Cd to 82 %, with mass of 1868 g was grown by
the low-thermal-gradient Czochralski technique for
an experiment to search for double B decay of ''°Cd.
The isotopic composition of cadmium and the trace
contamination of the crystal were estimated by High
Resolution Inductively Coupled Plasma Mass-
Spectrometry. The crystal scintillators produced
from the boule were subjected to characterization
that included measurements of transmittance and
energy resolution.

A low background scintillation detector with two
"°CdWO, crystal scintillators (586 g and 589 g) was
developed. The detector was running over 1727 h
deep underground at the Gran Sasso National Labo-
ratories of the INFN (Italy), which allowed estima-
ting the radioactive contamination of the enriched
crystal scintillators. In addition, the radioactive con-
tamination of another ''°*CdWO, sample (326 g) was
tested with the help of ultra-low background HPGe y
ray spectrometry. The activities of **°Ra and ***Th,
which are the most dangerous isotopes for the dou-
ble P decay experiment, are on the level
<0.005 mBg/kg and = 0.06 mBq/kg, respectively.

The low background experiment to search for
double B decay of '"®Cd with the help of the
"°CAWO, crystal scintillators is in progress. The
raw energy spectra accumulated over first 1322 h of
measurements, and after pulse-shape discrimination
are shown in the Figure. We estimate sensitivity to
0v2B~ decay of '°Cd as Ty, ~ (0.5-1.5)-10** yr
over 5 yr of measurements. It corresponds to the
effective neutrino mass {m,) = 0.4 - 1.4 eV.
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simulated energy spectra of internal ''""”Ag and ***Tl in
the ''*CdWO, crystals are presented.
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The results of this work are reported in [1].

1. A.S. Barabash et al., JINST 06, P08011 (2011).
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Minimizing intrinsic radioactivity of crystal scin-
tillators is of particular importance for experiments
searching for weak interacting massive particles —
hypothetical candidates on dark matter. We studied
the impact of the recrystallization process on the
level of radioactive contamination of CaWQ, crys-
tals, material used in the CRESST dark matter ex-
periment [1 - 3], considered as promising target for
large scale EURECA dark matter project [4].

Seven CaWO, scintillation crystals were pro-
duced from 3 ingots (sets 1 - 3) that have been
grown using the recrystallization procedure. The
radioactive contamination of the crystals was inves-
tigated and it was found that *'°Po and ***U consti-
tute the dominant fraction of the intrinsic o back-
ground.

g)
=)

Activity (Bg/k

10

el B L el

Dependence of radioactive contamination of CaWO,
crystals on growing conditions. Data for the samples are
marked as 1-1, 1-2, 1-3 (set 1, crystals grown from
CaWO, powder), 2-1, 2-2 (set 2, crystals grown from rest
of the melt after the first growth), and 3-1, 3-2 (set 3,
crystals grown from mixture of the crystals of set 1 and
2). The activity of *'°Pb in the samples of set 1 is derived
from the activity of *'°Po assuming that the accumulation
of this nuclide in all samples of set 1 has the same trend
as that of in sample 1-2. Limits on activity of *'°Pb in the
samples of sets 2 and 3 are shown by arrows.

The recrystallization causes significant changes
of the radioactive contamination of CaWO, crystals

(Figure). It leads to a variation in the activity of
%0 (in the range 0.03 - 1.32 Bq - kg"), and **U
(0.04 - 0.33 Bq - kg'") in the crystals. The increase
of 2!°Po activity evidenced that *'’Po is mainly pro-
duced due to “'°Pb decay. The segregation coeffi-
cient for U was estimated to be = 0.3.

The radioactive contamination of CaWQ, powder
prepared in special conditions was studied by low-
background o and 7y spectroscopy. The initial con-
tamination of the powder by *'°Po was found to be at
the level of (5+2) Bq - kg '. In the same batch, for
219pp only an upper detection limit of <47 mBq- kg '
was obtained. We also observed an essential de-
crease of the activity of *'’Po with time, which is in
line with this finding. Altogether, this demonstrates
that the optimised procedure used to produce the
CaWO, compound can facilitate efficient removal of
21%p and offers a possibility for the improving the
radiopurity of CaWOQy crystal scintillators.

This study was supported in part by a grant from
the Royal Society (London) “Development of ad-
vanced scintillation detectors for cryogenic dark
matter search” and by the Science and Technology
Facilities Council (STFC). The support of the group
from the Institute for Nuclear Research (Kyiv,
Ukraine) through the project “Kosmomikrofizyka-2”
(Astroparticle Physics) of the National Academy of
Sciences of Ukraine is gratefully acknowledged.

The results of this work are published in [5].
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Low radioactive archaeological lead (*’K, *'°Pb,
*26Ra and ***Th activity on the level of 1 mBg/kg and
less [1]) is promising material to construct passive
shield of low background detectors and to develop
radiopure PbWO, and PbMoO; crystal scintillators
[2 -4].

A combined process for ultra-purification of ar-
chaeological lead based on purification efficiency
calculations for lead distillation has been developed.
According to the thermodynamic partition coeffi-
cients of impurities (o;) at the lead distillation and
condensation temperatures the impurities can be
divided into highly volatile elements (Se, Zn, Te,
Mg, Sr, Ba, T, Bi, Ca, Sb, and others) with a; from
107 to 1072, and low volatile elements (Mn, Ag, Al,
Ni, Co, Cu, Sn, Si, Cr, Fe, U, and others) with a;
from 10” to 10°.

According to the calculations the highly volatile
impurities can be removed from molten Pb through
vaporization efficiently if o; < 102, For example, to
reduce the Mn content in lead by one order of mag-
nitude, no more than 5 % of the charge should be
evaporated. Removal of low volatile impurities by
lead distillation will be efficient for «; > 5+ 10", In
particular, to reduce the Mg, Ag, and Cu concentra-
tion in lead condensate by one order of magnitude,
the distilled part may not exceed 90 %. These data
were taken into account to set distillation conditions
and to design the distillation apparatus.

To ensure lead ultra-purification, we have been
used molten metal filtration followed by distillation
with vapor condensation at a temperature close to
the distillation temperature. The distillation appara-
tus was made from MPGG7 high purity, dense gra-
phite with very low impurity content, nonreactive
with the lead.

Evaporation of 95 % of lead from the crucible
ensures the removal of low volatile impurities,
which remain in the residual melt. Highly volatile
impurities arrive at a heated condenser together with
the host. Since the condenser and metal are main-
tained at an elevated temperature during purification,
the highly volatile impurities vaporize and leave the
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condenser through special holes. Thus, in the purifi-
cation procedure the low and high volatile impurities
are removed simultaneously, which raises the proc-
ess rate and the yield of purified material.

After the purification the lead was converted to
PbO by dissolving the metallic lead in 20 % ul-
trapure HNO; with the following neutralization of
the acidic lead nitrate solution by ammonia to obtain
Pb(OH), precipitation. Yellow PbO powder was
produced after calcination of lead hydroxide in a
muffle furnace at 300 °C.

The concentrations of impurities in the lead and
its oxide were determined by inductively coupled
plasma mass spectrometry (ICP-MS) and with laser
mass spectrometry (LMS).

As a result a pilot amount of archaeological lead
was obtained with 99.9996+ % purity and the fol-
lowing concentrations of major elements: U, <2 ppb;
Th, <1 ppb; Ni, Cu, Fe, Si, Ti, Mg, All, Mn, Cr, V,
Co, <0.1 ppm; K, Ca, Zn, Cd, Ag, Sb, <1 ppm. The
purification factor for some elements like Cu, Sb,
and Ag was on the level 10 - 500.

The lead can be used to produce a passive shield
of ultra-low background detectors, while the lead
oxide was used to grow PbWOQO, crystal scintillator
for low background experiments.

In addition we measured the ***Pb/**Pb isotopic
ratio of initial archaeological lead by mass spec-
trometry to determine an origin of the metal. This
investigation shows that the archaeological lead was
extracted from silver—lead ores on Mount Lavrion
(Attica, Greece).

The results of this work are published in [5].
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Crystal scintillators are widely used in experi-
ments to search for double B decay and dark matter.
Zinc tungstate (ZnWOQy) crystal scintillators were
first studied as low background detectors in the So-
lotvina Underground Laboratory [1], the possibilities
to use ZnWOy crystals in the field of dark matter
search were discussed too. The scintillator looks
very promising target in the EURECA cryogenic
dark matter experiment [2]. Cadmium tungstate
(CdWO,) crystals scintillators were successfully
used to search for double beta decay of cadmium
and tungsten isotopes [3 - 5], detection of o activity
of "W [6], investigation of B decay of '*Cd [7]. At
present two sensitive 23 decay experiments to search
for double beta decay of '*Cd and ''°Cd are carried
out in the Gran Sasso National Laboratories of INFN
(Italy) with the help of enriched in '"Cd [8] and
"°Cd [9] cadmium tungstate crystal scintillators.

Low level of intrinsic radioactive contamination
of ZnWQO, and CdWO, crystal scintillators is ex-
tremely important for their application in the low
counting experiments. The radioactive contamina-
tions of the initial compounds, in particular of cad-
mium and zinc used in the crystal growth, give con-
siderable contribution to the radioactivity of the
crystal scintillators. Chemical purity of the initial
materials plays key role to obtain high quality crys-
tal scintillators.

New approach to deep purification of natural and
isotopically enriched cadmium and natural zinc to
grow high quality radiopure crystal scintillators has
been developed. Purification of Cd and Zn by distil-
lation through getter filters has been investigated.
Application of the complex refinement method
(heating with filtration in combination with distilla-
tion through getter filter) provides the best efficiency
of purification. The developed method allows
achieving high purification efficiency, high yield of
product and low losses of the initial metals. Con-
tamination of the purified materials was checked by
using different analytical approaches: Inductively
coupled Plasma — Mass Spectrometry, Laser Mass
Spectrometry, Atomic Absorption Spectroscopy.
The results of the measurements are presented in the
Table. The purified materials satisfy the require-
ments of crystal growth protocols to initial materials.

Radioactive contaminations of the crystal scintilla-
tors produced from the purified cadmium were re-
ported in [5, 9]. Further R&D is requested to de-
crease the radioactive contamination of CdWO, and
ZnWO; scintillators to the uBq/kg level requested
by the next generation double B and dark matter
experiments.

Contamination of Cd and Zn after refining

Impurity Concentration in purified materials, ppm
element Cd 1%cd "ocd Zn
K 0.7 0.04 <0.04 | <0.05
Ni <02 <02 <02 | <0.03
Cu <02 0.5 <0.1 <0.04
Fe <0.5 <04 <5 <0.08
Mg <0.05 <0.05 | £0.05 | <0.02
Mn <0.1 0.1 <5 <0.02
Cr 0.1 <0.1 <0.1 <0.02
\4 <0.005 | £0.01 | £0.08 | £0.004
Co <0.003 <0.01 <0.1 <0.02
Pb <1 0.04 <0.7 | £0.01
Th <0.001 | £0.001 | <0.6 <0.2
U <0.001 | £0.001 | <0.6 <0.2

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

Results of this work are published in [10].
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The liquid scintillator detector Borexino (Labora-
tori Nazionali del Gran Sasso, Italy) was designed
for the measurement of the flux of monoenergetic
(862 keV) solar neutrinos from electron capture by
"Be nuclei in the pp chain. The detector is described
in details elsewhere [1]. It detects neutrinos through
the neutrino-electron elastic scattering interaction on
a ~278 metric ton liquid scintillator target.

The low energy backgrounds in the detector have
been suppressed to unprecedented levels, making
Borexino the first experiment capable of making
spectrally resolved measurements of solar neutrinos
at energies below 1 MeV.

The rate of neutrino-electron elastic scattering in-
teractions from 862 keV "Be solar neutrinos in Bo-
rexino is determined to be

46.0 + 1.5(stat)_, ¢ *(syst) counts/(day-100 ton).

This corresponds to a v.-equivalent 'Be solar neu-
trino flux of (3.10 £ 0.15) - 10° cm ™ - s and, under
the assumption of v, transition to other active neu-
trino flavours, yields an electron neutrino survival
probability of 0.51 £ 0.07 at 862 keV. The no flavor
change hypothesis is ruled out at 5.0 G.

A global solar neutrino analysis with free fluxes
determines the flux of pp neutrino:
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®,,=6.06 06 "+ 10" cm™? s (95 % C.L.)
and CNO neutrino:
Deno<1.3-10°em s (95 % C.L.).

Expressed as a fraction of the fluxes predicted by
the Standard Solar Model (of high metallicity) these
@, and Deno correspond to fp, = 1.013 010 % and
feno <2.5 at 95 % C.L. The latter limits the CNO
contribution to the solar luminosity to <1.7 %
(95 % C.L.). Both the precision of the pp flux de-
termination and the constraint on the CNO flux are
improved by approximately a factor of 2.

These results significantly improve the precision
with which the Mikheyev — Smirnov - Wolfenstein
large mixing angle neutrino oscillation model is
experimentally tested at low energy.

The work is published in [2]. The partial support
by the project “Kosmomikrofizyka-2" (Astroparticle
Physics) of the NAS of Ukraine is acknowledged.

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

2. G. Bellini et al., Borexino Collaboration, Phys. Rev.
Lett. 107, 141302 (2011).
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The liquid scintillator detector Borexino (Labora-
tori Nazionali del Gran Sasso, Italy), is sensitive for
neutrinos and antineutrinos from the Sun, superno-
vae, nuclear reactors, and the Earth. The detector is
described in details elsewhere [1].

Anti-neutrinos of yet unknown origin were
searched for with the detector. In particular, a hypo-
thetical anti-neutrino flux from the Sun is investi-
gated. Anti-neutrinos are detected through the neu-
tron inverse beta decay reaction (v, +p —> n+e")in

a large liquid organic scintillator target. We set a
new upper limit for a hypothetical solar v, flux of
760 cm ™ - s, obtained assuming an undistorted
solar *B energy spectrum. This corresponds to an
upper limit on the transition probability of solar
neutrinos to anti-neutrinos of 1.3 - 10™* (90 % C.L.)
for £ > 1.8 MeV, covering the entire ¥B spectrum.

The following limits on the transition probability of
solar neutrinos to anti-neutrinos were also set:

Puse <L7-107* (90 % C.L.) for E. >73MeV
and p,,; <035 (90 % C.L. for E. =862keV

('Be neutrino line). Best differential limits on anti-
neutrino fluxes from unknown sources are also

obtained between the detection energy threshold of
1.8 MeV and 17.8 MeV with more than 2 yr of data.

Limitson the v, flux with undistorted ®B spectrum

for the Borexino, its prototype CTF, KamLAND, SNO
and Super KamiokaNDE experiments.
Upper limitsaregivenat 90% C.L.

M . Total flux of
. casuremen ~ 8

B
Experiment threshold, MeV viz( 2’]

cm - S

CTF ~18 <1.1-10°
SNO >4 <4.09-10*
SuperK >3 <4.04 - 10*
KamLAND > 8.3 <1250
Borexino
(this work) =13 =990
Borexino
(this work) >18 <760

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
696, 191 (2011).
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Borexino, a liquid scintillator detector at Labora-
tori Nazionali del Gran Sasso, Italy, is designed for
the detection of neutrinos and antineutrinos from the
Sun, supernovae, nuclear reactors, and the Earth.
The feeble nature of these signals requires a strong
suppression of backgrounds below a few MeV. Very
low intrinsic radiogenic contamination of all detec-
tor components needs to be accompanied by the
efficient identification of muons and of muon-
induced backgrounds. The description of this task
and its solution had been published this year in the
article of Borexino Collaboration [1]. The detector is
described in details elsewhere [2], see the sketch of
the design in the Figure.

The flux of muons in the Laboratori Nazionali
del Gran Sasso is ~1.2h™" - m?. Muons produce
unstable nuclei through various spallation processes
[3] on carbon nuclei along their trajectory through
the detector. Decays of these nuclei can mimic the
expected signals; for isotopes with half-lives longer
than a few seconds, the dead time induced by a
muon-related veto becomes unacceptably long, un-
less its application can be restricted to a sub-volume
along the muon track. Consequently, not only the
identification of muons with very high efficiency but
also a precise reconstruction of their tracks is of
primary importance for the physics program of the
experiment.

The Borexino inner detector is surrounded by an
outer water-Cherenkov detector that plays a funda-
mental role in accomplishing this task. The detector
design principles and their implementation are de-
scribed in Ref. [1]. The strategies adopted to identify
muons are reviewed and their efficiency was evalu-
ated. The overall muon veto efficiency is found to be
99.992 % or better. Three ad-hoc track reconstruc-
tion algorithms were developed. Their performance
is tested against muon events of known direction
such as those from the CNGS (CERN Neutrinos to
Gran Sasso) neutrino beam, test tracks available
from a dedicated External Muon Tracker and cosmic
muons whose angular distribution reflects the local
overburden profile. Generally speaking, vertical and
through-going muon tracks are best reconstructed by
the OD and global trackings, while horizontal and
(semi-)contained tracks are reproduced best by the
ID algorithm. The achieved angular resolution is
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~3-5° and the lateral resolution is ~35-50 cm,
depending on the impact parameter of the crossing
muon.

Definition of muon subsamples. Muons crossing only the
Outer Detector are abbreviated as ODp’s. Muons travers-
ing the Inner Detector (IDp’s) are further distinguished in
Inner Vessel-crossing muons (IVy’s) and only Buffer-
crossing muons (Bp’s). In addition, the position of the
auxiliary External Muon Tracker (EMT) is shown.

The methods for efficient tagging of cosmogenic
neutrons were also developed. The analysis of the
distance of cosmogenic neutrons to their parent
muon tracks provides information on the precision
of the track reconstruction. As the light generated by
muon-induced particle showers severely interferes
with the ID electronics, special techniques have been
developed to efficiently detect both neutrons and
subsequent decays of cosmogenic radioisotopes.

The partial support by the project “Kosmo-
mikrofizyka-2” (Astroparticle Physics) of the NAS
of Ukraine is acknowledged.
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Instrumentation 6, P05005 (2011).

2. G. Alimonti et al., Borexino Collaboration, Nucl. Instr.
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SPECTRAL MODELING OF SCINTILLATOR FOR THE NEMO-3
AND SUPERNEMO DETECTORS

V.. Tretyak!
(on behalf of the Super NEM O Collabor ation?)

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

Double beta (23) decay is a nuclear transformation
which changes atomic number by 2 units: (A, Z) —
(A,Z+2) + 2¢. Emission of two antineutrinos is
necessary in the Standard Model (SM) to conserve the
lepton number L. Many extensions of the SM, where
neutrinos are naturally described as Majorana parti-
cles (particle = antiparticle) with tiny masses, allow
also neutrinoless 23 decay [1]. While we know now
from the neutrino oscillation experiments that neu-
trino surely has mass [2], these experiments are sensi-
tive only to the neutrino mass differences but not to
the absolute mass values. Experimental observation
of 2B0v process would give the absolute mass scale,
prove that the total lepton number is not conserved,
and that v is a Majorana particle, allowing to under-
stand a way of evolution of our world.

Despite the extensive searches during 70 years,
2B0v decay is still not detected even in experiments
with the best to-date sensitivity of Ty, ~ 102 -10% yr
(but allowed 2PB2v processes are already observed
for 11 isotopes). Several projects of experiments
with higher sensitivity are under development now,
and SuperNEMO is one of them. The SuperNEMO
is planned to be built of 20 identical super-modules
(6 X 2 X 4 m), each housing around ~5 kg of isotope.
The source is a thin (~40 mg/cm?) foil inside the
detector. It is surrounded by a gas tracking chamber
followed by calorimeter walls. The tracking volume
contains around 2000 wire drift cells operated in
Geiger mode which are arranged in nine layers par-
allel to the foil. The calorimeter is divided into 700
plastic scintillator hexagonal blocks (~25 cm diame-
ter) which cover most of the detector outer area and
are coupled to low radioactive 8” PMTs. The base-
line candidates for SuperNEMO are **Se, **Nd and
*Ca. The expected sensitivity to 2B0v decay is at the
level of Ty~ 10% yr. The SuperNEMO is based on
the approach developed in the NEMO-3 experi-
ments, where ability to study different isotopes and
track the outgoing electrons provides the means to
discriminate different underlying mechanisms for
the 2B0v decay by measuring the decay half-life and
the electron angular and energy distributions (see [3]
and Refs. therein).

To reach such a sensitivity, energy resolution of
scintillators should be 4 % at 3 MeV (Qp value of
#2Se). To better understand the propagation and col-

lection of light in scintillator blocks, a GEANT4-
based spectral model of NEMO-3 and SuperNEMO
calorimeter blocks has been constructed [3]. The
results of simulations were compared with meas-
urements of single electrons from **’Bi sources. The
measured energy resolution and spatial dependence
for the blocks were demonstrated to be in good
agreement with simulations. The EC blocks show a
doubly symmetric distribution of response about the
center of the block while the EE blocks show a
symmetric distribution about the z-axis, both in
agreement with observations. For the SuperNEMO
block (a hexagonal block with a circumscribed ra-
dius of 22.5 cm made out of PVT scintillator cou-
pled to a super-bialkali 8 hemispherical PMT), the
main elements improving the resolution over the
NEMO-3 blocks are the 25 % increase in scintillator
light yield, the 35 % increase in the PMT quantum
efficiency, the larger PMT size, and the incorpora-
tion of the high reflectivity aluminized Mylar. Addi-
tionally, by directly coupling the scintillator and
PMT, we render light guides unnecessary which
further improves the transparency and response uni-
formity. The results show that an FWHM of 7.5 % is
expected at 1 MeV.

As expected, including the spectral properties of
all materials and incorporating wavelength-shifting
absorption and emission with the effects of fluores-
cent quantum yield in the scintillator improves the
agreement of modeling with measurements. The ap-
proach used is necessary for a detailed understanding
of high resolution plastic calorimeters. The impor-
tance of these spectral simulations increases with
distances traveled by photons so such models are
necessary to study large-scale scintillator detectors.

The results are published in [3]; some other
achievements in the SuperNEMO R&D are pre-
sented in [4 - 6].

1. E.T. Avignone III et al., Rev. Mod. Phys. 80, 481
(2008).

U. Dore et al., Rep. Prog. Phys. 71, 106201 (2008).
M. Bongrand ef al., AIP Conf. Proc. 1338, 49 (2011).
F. Perrot et al., AIP Conf. Proc. 1338, 130 (2011).

A. Freshville et al., J. Phys.: Conf. Ser. 293, 012037
(2011).

J. Argyriades et al., Nucl. Instrum. Meth. A 625, 20
(2011).
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STATUS OF THE EURECA CRYOGENIC DARK MATTER PROJECT

F. A. Danevich, V.V. Kobychev, V.M. Mokina, A.S. Nikolaiko,
D.V. Poda, R.B. Podviyanuk, O. G. Palischuk, V. 1. Tretyak
(on behalf of the EURECA collabor ation)

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

Recent measurements of the cosmic microwave
background support earlier evidence that a substan-
tial fraction of the Universe is made up of non-
baryonic dark matter. Despite this progress, the na-
ture of this matter remains unknown. Particle phys-
ics provides a possible explanation for non-baryonic
dark matter in the form of weakly interacting mas-
sive particles (WIMPs). The most likely WIMP can-
didate is the neutralino, predicted by supersymmetry
theory. One cannot also exclude a multiple nature of
the dark matter.

There are several experiments (scintillation,
cryogenic, noble gases) aiming to search for WIMPs
by detection of the elastic scattering of these parti-
cles on atomic nuclei. Positive results on observation
of annual modulations of dark matter signal have
been obtained by the DAMA/Nal and
DAMA/LIBRA [1-3] experiments by using Nal(TI)
crystal scintillators. Recently the CoGeNT experi-
ment [4] applying germanium diodes have also re-
ported a positive indication on dark matter signal.
Some excess of recoil events was also observed in
the CRESST experiment [5].

The CRESST experiment employs simultaneous
measurements of scintillation and phonons in Ca-
WO, crystal scintillators to determine energy and
interaction type. One of the most sensitive dark mat-
ter experiments, EDELWEISS, uses germanium
crystals with simultaneous registration of ionisation
and phonon signals. The EURECA collaboration'
[6 - 9] was formed in March 2005 at a meeting of
the two experiments. The aim of the EURECA is to
search for WIMPs using cryogenic detectors, with a
total absorber mass of up to 1 ton, with sensitivity
two orders of magnitude better than that of the best
presently running experiments. A schematic view of
the EURECA set-up, which foreseen to be installed
in the extension of the Modane Underground Labo-
ratory (France), is shown in the Figure.

In realizing the project, a need for variety of scin-
tillation targets has been identified. Development of
crystal scintillators with high light yield and low
level of radioactive contamination is important ob-
jectives of the EURECA project. R&D of radiopure

'Great Britain, France, Germany, Spain, Ukraine, JINR
Dubna, CERN (http://www.eureca.ox.ac.uk/)
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CaWO0Q,, ZnWO,, CaMo0O,, PbMo0O,; and PbWO,
(from deeply purified archaeological lead [10]) crys-
tal scintillators is in progress [11 - 13].

Design of the EURECA set-up. The two cryostats of
EURECA, each inside its individual water shielding, with
the central building between. The top level of the building,
together with the space covered by the domes, is a clean
room.

The support of the research by the project
“Kosmomikrofizyka-2” (Astroparticle Physics) of
the National Academy of Sciences of Ukraine is
acknowledged.
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AMORE EXPERIMENT: A SEARCH FOR NEUTRINOLESS DOUBLE BETA DECAY
OF ™Mo WITH “Ca'®Mo0, SCINTILLATORS

R. S. Boiko, D. M. Chernyak, F. A. Danevich, V. V. Kobychev, V.M. Mokina, A.S. Nikolaiko,
D.V. Poda, R.B. Podviyanuk, O. G. Palischuk, V. 1. Tretyak
(on behalf of the AMORE collabor ation)

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

Isotope '“’Mo is considered as one of the most
promising candidate for a high sensitivity neutri-
noless double B (0v2f) experiment due to high tran-
sition energy (Q»p = 3034 keV), comparatively high
isotopic abundance (&=9.82 %), and reasonable
cost of enrichment by gas centrifugation. Calcium
molybdate (CaMoQO,) crystal scintillators are con-
sidered as appropriate detectors to realize a large
scale experiment to search for Ov2f decay of '*’Mo
[1]. Unfortunately, the two-neutrino double beta
decay of **Ca (2B active **Ca with Q,5 = 4272 keV is
present in natural Ca with an abundance of 0.187 %),
albeit very rare, will impose unavoidable back-
ground, limiting the sensitivity of the experiment to
search for Ov2B decay of '“Mo with enriched
Ca'"MoOy, [1]. This background can be eliminated
by the use of Ca depleted in **Ca to the level of <
0.001 %.

Large volume *Ca'®MoO; crystals (= 0.5 kg) of
high optical quality were developed for the first time
from calcium depleted in *Ca (**Ca) and molybde-
num enriched in '’Mo for '“’Mo 0v2p search by the
AMORE collaboration (Advanced Mo based Rare
process Experiment) [2]. The light yield of
“Ca'Mo0, samples is shown to be comparable
with the reference CaMoQO, sample throughout the
wide temperature range down to 8 K [2].

The scintillation properties and the internal back-
ground of several “ca'"Mo0, crystals were studied.
Radioactive  contamination of one of the
©Ca'Mo0, scintillators (produced by re-crystal-
lization) by ***Ra and ***Th was estimated to be on
the level of 0.08 and 0.07 mBg/kg, respectively [3].

Cryogenic particle detection measurements with
a 2.5 g CaMoQ, sample as an absorber were made in
KRISS [4]. A small MMC (Metallic Magnetic Calo-
rimeter) sensor [5] in form of gold alloy doped with
800 ppm of erbium was used to study the detector
performances for 5.5 MeV alpha particles and
59.5keV gamma quanta from a thin layer **'Am

source. The change in magnetization caused a
change in the magnetic flux inside the pick-up loop
of a dc-SQUID. Energy resolutions (full width at
half maximum, FWHM) of 1.7 keV (59.5 keV
gamma quanta) and 11.2 keV (5.5 MeV alpha parti-
cles) were achieved. A CaMoO, crystal &40 x 40
mm (crystals of such size are considered as to be
used in real experiment) with new meander-type
MMC as a phonon sensor is now under investigation.

The AMORE collaboration is going to use
¥Ca'"Mo0, crystals with a total mass of 100 kg as
cryogenic scintillation detector to search for Ov2f3 of
"Mo. Simultaneous detection of phonons and scin-
tillation light is expected to be used to reject back-
grounds from internal radioactive contamination of
crystals. Projected sensitivity of the AMOoRE
experiment after 250 kg - yr of data taking was esti-
mated as lim Ty~ 3 - 10° yr, which corresponds to

the effective Majorana neutrino mass {(my) ~ 0.02 -
0.06 eV.

The results are published in [4] (see also [3, 6]).
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PAJIALIIAHI PO3NOAJM B'->K™'y TA B, —¢y B EKCIIEPUMEHTI LHCb

B. M. SIkoBeHKO
(xonadopauiss LHCD)

Incmumym si0eprux docnioncenv HAH Yrpainu, Kuig

VY pamkax mocmimkens Ha LHCb (Large Hadron
Collider beauty), 1110 € OJHUM i3 YOTUPHOX OCHOB-
HUX €KCIIEPUMEHTIB, M0OYJOBaHMX HA MPHUCKOPIOBA-
nepHOMYy Komruiekci LHC (Large Hadron Collider),
Oyna 3axuineHa KaHmuaaTchka mucepramis [1]. Po-
00Ta MpHUCBSIUEHA NOCTIHKEHHIO palialliiHuX po3-
nmajiB, sKi MOXYTh BKa3yBaTH Ha HOBI SBUINA, 3a
paMKaMH «CTaHAapTHOI MOJIENi», IO 3aTHI BIUIH-
BaTH Ha JWHaMiKy b—sy nepexony. CBiT4eHHS HO-
BO1 (Pi3UKK MOXKYTh MPOSBIISATUCS Yepe3 Mepexou B
MeTJISX MHTBIHHUX JliarpamM, 1€ MOXKIIABI B3aeMOZIT
32 y4acTI0 HOBHX Ba)KKHX BIPTyallbHHX YaCTHHOK.
PerenbHi 1OCIiHKEHHS X PO3MAiB 31aTHI 3HAYHO
O0OMEXHTH KiJTBKICTh TEOPETUYHUX MPHUIYIICHD I0-
JI0 THX YU 1HIIUX CIIEHApiiB HOBOI (hi3UKH, BKIIHOYA-
I0YH CYTIEPCUMETPUYHI MOJEITI.

Cranom Ha kimenps 2011 p. merextop LHCb
3apeecTpyBaB Outbmn Hik 1,1 6" iHTerpanbHOi
cBiTuMocti nipu eHeprii 7 TeB B c.u.m. [onepenni
pe3yAbTaTH 1O Pi3HUX KaHalaX po3many, OTpUMaHi
ke s 100 - 350 16" mpu wiit eneprii, CTaHOBIATH
HaWKpally TOYHICTh BHUMIPIOBAHHS I1apaMeTpiB
«CTaHIApTHOI MoOIeNi» Ta HMOBIpHOCTEH po3maniB
B, ta B,-Me30HIB.

AHami3 eKCIIepIMEHTANbHAX IaHWX y KaHalax
B’—K ™ ta B ,— @y npoBoauBcs AIs iHTErpanbHOT
ceitumocti 340 16" mpu  emeprii  Eoy =7 TeB,
HaKOIMYEHOI MPH MPOTOH-IPOTOHHUX 3ITKHEHHSAX Y
OepesHi - yepBHi 2011 p. [2], monepeaHi pe3ynbpTaTu
MPUBEACHO HA PUCYHKY.

BimHommeHHs: IMOBiIpHOCTEH pO3Iaay BU3HAYAETH-
Cs1 3 KUTBKOCTI alfPOKCUMOBAHMX IOJIiN HA PUCYHKY:

B(BO N K*OQ/) _ yB“aK*Oy B((D - K+K7) L ngf’—wy
BB/ —¢y) v, BK'—>K7)f e

BOHK*O;/

[IpoBeneHO KOMIUTIEKC pO3paxyHKIB y poOoTi [2]
W OTpUMaHO 3HAYCHHS BiTHOIIECHHS HWMOBIpPHOCTEH
po3nany BO—>K*0y Ta BOS—>¢;y Uil IHTerpajbHOT
cBiTiMocTi 340 16" nipu eneprii Eoy =7 TeB:

B(B’ = K™y)

5 =1,52 40,14 (crat.) = 0,10 (cucr.)
B(B; — ¢7)
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e 3Ha4eHHS y3roKY€EThC 3 TEOPETUUHUMH I1€-
penbaueHHIMHU B Mekax 1,6 CTaHZapTHOTO BiAXU-
JieHHs. Bu3HavueHO HaWTO4HIINE 3HAYCHHS WMOBIp-
HOCTI po3Mmajy st Bos—wy:

B(B",—y) = (2,8 +0,5) - 10°~.
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[MomepemHi pe3ynpTaTi anpoKcUMAIlil iHBapiaHTHOI MacH
0 0 0

s posnany B'—K 'y (3Bepxy) Ta B ;—¢y (3HU3Y). Ekc-
MepUMEHTaIbHI JTaHI MO3HAYEeHI YOPHUMH TOYKaMH, pe-
3yJIBTAaTH alPOKCUMAaIlii — CHHBOIO JiHi€to. CHrHaN ampo-
kcumoBaHo ¢ynkuiero Crystal-Ball (3enena myHKTHpHA
JiHisT), GOH OMUCAHO CKCIIOHCHIIATBHOK (YHKIEW (de-
PBOHA ITYHKTHPHA JIiHIsT).

1. B.M. fIkoBenko, Jocriodxcenna paoiayitinoco po3nady
BOS-M&’)’OHCI ma cucmema paodiayitino2o MOHIMOPUHeEY 8
excnepumenmi LHCb, [Quc. ... kano. @iz.-mam. Hayk.
(Kwuis, 2011).

2. R. Nobrega et al. (LHCb Collaboration), in Proc. of the
Conf. on Lepton-Photon 2011, Mumbai, 2011. (CERN,
Geneve, 2011), p. 12.

63



AHOTALIIl POBIT

METAL MICRO-DETECTORS FOR RADIATION THERAPY INSTRUMENTATIONS
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D. 1. Storozhykl, M. Campbellz, L. Tlustos’, X. Llopartz, S. Pospisil3, Y. Prezado®, M. Renier*

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
? CERN, Geneva, Switzerland
? Institute of Experimental and Applied Physics, Prague, Czech Republic
? European Synchrotron Radiation Facility, Grenoble, France

Physics principle and production technologies
have been developed at KINR for the new type de-
tectors of the charged particles as well as synchro-
tron radiation — Metal Foil Detectors (MFD). Micro-
strip MFDs — Micro-strip Metal Detectors (MMD)
0.5 - 1.0 micro-meter thick were used for the beam
profile monitoring of the synchrotron radiation at
HASYLAB (DESY, Hamburg) as well as for the
charged particles beam profile monitoring [1]. The
number of photons (mean X-ray energy 18 keV)
producing out of a strip a single SEE was evaluated
as (1.5 + -0.5) - 10*. The MMD has demonstrated
stable operation under the X-ray flux of 4.5 - 10"
photons/second/mm?®.

The current technology allows for production of
the thin (~1 pm) Ni-strips with a pitch of about few
micrometers, providing high position resolution.
Micro-strip Metal Detector technology includes
some stages: microstrip layout made by photo-
lithography on silicon wafer, plasma-chemistry
etching of the silicon wafer in the operating window,
microcabling connection to the readout electronics
and DAQ. The main technical features of the MMD:
High Radiation tolerance (> 100 MGy); Low thick-
ness of sensors (~1 um); Low operation voltage
(20 V); Perfect spatial resolution (5 - 25 pm). In
comparison with the latest developments in beam
profile monitoring based on the silicon micro-strip
or micro-pixel detectors Metal Micro-strip Detectors
have an advantage of being extremely thin and semi-
transparent device. Those features provide: first,
nearly non-destructive beam analysis; second, on-
line measurement of the in-situ beam-data; no dan-
ger of the charge accumulation leading otherwise to
the high voltage breakdown resulting in a device
loss. All those features make this detector a perfect
candidate for MBRT.

Characterization studies of the Metal Micro-
detectors measuring in real time high level dose
distribution at the Mini-beam Radiation Therapy
setup (ESRF, ID17) have been recently performed.

For the purposes of fractionated radiation therapy
at the medical-biological line ID17 ESRF the instal-
lation of the multi-beam irradiation has been created.

Developed mode of the therapy requires powerful
doses up to several kGy/s. High radiation load factor
makes unable to apply of any conventional detectors
for measuring dose distribution in real time. The
distribution of dose is measured only by using spe-
cial X-ray films, information processing of which
takes 1 - 2 days.

For monitoring the distribution of dose from in-
dividual beams of synchrotron radiation we have
proposed and tested detector system based on metal
mode micro-pixel detector TimePix [2]. ‘In-situ’
operation of the TimePix provides beam diagnostics
in real time.

The results obtained illustrate an excellent per-
formance of the metal TimePix micro-detector pro-
viding 2D image of the dose distribution over many
beams in (14 x 14) mm® area (Figure). Peak-Valley-
Ratios measured by the TimePix and gafchromic
films agree well, in general.
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2D image of the radiation dose distribution measured
by the metal TimePix detector.

64 128 192

Obtained a large amount of data for many differ-
ent modifications of beam configuration will be used
for creating a novel MMD-based radiation monitor-
ing system for radiation therapy applications.

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

2. V.Pugatch et al., Nucl. Instr. and Meth.A 650, 194
(2011).
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BUMIPIOBAHHS BUXOJY I130JIbOBAHUX ®OTOHIB Y KOPEJSAII
I3 AAPOHHUMMU CTPYMEHSIMU Y I'VNIMBOKOHEIIPYKHOMY ep PO3CIIOBAHHI

B. €. AymeBI’z, H. Kmak"?, O. Kynpam“, II. Bacci’, L. CKiJmilcopH3, . Cakcon®

! Hineywruii enexmponnuii cunxpompon (DESY), Fambype, Hiveuuuna
? Inemumym sdepnux docnioocens HAH Yipainu, Kuis
? Vuisepcumem I'naszeo, BenuxoGpumanis
* Kuiscoxuii nayionansnuii ynicepcumem imeni Tapaca Hlesuenxa, Kuis

[onii i3 BUCOKOCHEPreTHYHUMH (POoTOHAMHU 3a-
0e3neuyIoTh NpsiMe 30HAYBaHHS OCHOBHHMX HapTOH-
HHX TIPOLIECIB JUII BACOKOCHEPIeTUYHHX 3ITKHEHb 32
y4acTIO aJpOHIB, OCKIJIBKM Ha BHIIPOMIHIOBaHHS
TakuxX (OTOHIB HE BIUIMBAIOTH MPOLECH aAPOHi3alii
MapToHiB. Y AaHiil poOOTi BUBYAIIOCS MIPOYKYBaHHS
1301b0BaHMX BHCOKOCHEPTeTUIHUX (POTOHIB i3 Cy-
MPOBOJDKYIOUUM CTPYMEHEM TiJIl Yac TIUOOKOHe-
NpY>XHOT'O ep po3citoBaHHs Ha xetekTopi ZEUS
npuckoproBada HERA, BHKOpHCTOBYIOUH iHTETpa-
npHY cBitmMicTh 320 n6, Toxi Ak y momepenmHiii
po0oTi [2] HaMK BUMIPIOBANUCH MONEPEYHi epepisu
HapOJPKEHHS 130Jb0BaHUX (DOTOHIB B iHKITIO3MBHHX
nporiecax. OOpaxyHKH MPOBOAMIINCE 13 3HAUCHHIMHI
BipTyanpHOCTI 0OMiHHOTO (hoToHa (* y niamasoHi
Bim 10 mo 350 I'eB? BumiproBani (hoToHu Mamu
MoTIepedHy CKIamoBy eHeprii 4 <E't< 15TeB Ta
nceBIomBHAKICHICTE -0,7 <7< 0,9, a BUMiproBaHi
CTpyMeHi — morepeuHy eHepriio 2,5 < T < 35 'eB
Ta MCEBIOMBHUAKICHICTE -1,5 < q’d< 1,8. Hamu Bu-
MipsiHO nu(epeHIIiaibHl TONepeyuHi Mepepi3u Mmpo-
IOYKyBaHHS 130J1b0BaHUX (DOTOHIB y KOpeJsuii 3 aji-
POHHUMH CTPYMEHSIMH SK (YHKIII IEKITbKOX 3MiH-
wux (E't, ', Et, #, 07 x). Sk i ouwikyBanocs,
BeNMYMHA Au(epeHiabHIX Tepepi3iB 3MEHIIY€ETh-
cst i3 3pocToM 3HaueHb Q% X, E'T Ta Fr. s pu-
KJIamy Ha puc. | HaBemeHo nudepeHIiaaIpHUN moTe-

-— T T°T I LI | T I T T | L L | T—]
m = p—
@ 3= . ZEUS332n6'  _—
s = LL+QQ (x1.6)MC o
o = ---QG (x1.6) MC =
E 255 \ E
W _F 3
Y oo =
8 15 _ E
1= ERI =
0.55=...... E

P ST IO i oy e e
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Puc. 1. ludepenmiansauii monepedHuil mepepis 30160~
BaHUX (HOTOHIB i3 CTpyMEHIME K (YHKISA 3MiHHOT E'T.
CymineHa JiHIA BignoBigae mnependadeHHsM MoHTe-
Kapno i € cymoro 1Box cknanoBux: horoniB QQ (kBapko-
Ba (parMeHTalis), JOMHOXEHUX Ha 3HadeHHA 1,6, Ta
¢oroniB LL (nenTonHe BunpoMmiHioBaHHs). IIyHKTHpHa
(xpankoBa) niHist 300paxye BHecok QQ (LL) doronis.
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Puc. 2. lndepenniansanii nmonepeyHuii nepepis i305160-
BaHMX (DOTOHIB i3 CTpyMeHSAMH AK (YHKIis 3MiHHOT 7.
[Toxazano Takox TeopetnyHi nependaueHus (GKS) [3] Ta
(BLZ) [4].

peUHMI Tepepi3, MPEACTABICHUH K (QYHKIIiS BEIH-
yrHK E'T; HaBeeHi CYIIbHOO JIHIEI TependadeH-
HS TepTypOaTHBHOI KBAHTOBOI XPOMOJMHAMIKH
(KX/I) 3a10BiIBHO TMOTOKYIOTBCS 3 E€KCIIEPUMEH-
TAIGHUMH JaHUMH Maiike MO0 BChOMY KiHEMaTHY-
HOMY JIiana3ony.

Teopernuni mnepembadeHHs [3] BiATBOPIOIOTH
(hopMy BCiX BUMIpSHUX €KCIIEPUMEHTAIEHO PO3IIO-
JIUTIB TaK caMo, SIK 1 TEOpPEeTHYHi rependadeHHs [4],
AK Ile BUIHO, HANPUKIIA, Ha pUC. 2 1S 3MiHHOT 77/,
aie BiIPI3HSIOTHCS 32 A0CONIOTHOO BETMYHHOKO.

i pe3ynbpraTé BKa3yrOTh Ha HEOOXiJHICTH Maii-
OytHix KXJI oO4muciieHp Ta HAJAalOTh BAKIUBY i1H-
(opmMartito, o Moxe OyTH BHKOPHUCTaHA OOYMCIICH-
HSX TIAPTOHHOI CTPYKTYPH MPOTOHA.

1. N.Zhmak, in Proc. of the XIX Int. Workshop Deep-
Inelastic Scattering and Related Subjects (DIS2011),
(Newport News, Virginia, USA, 2011).

2. V. Aushev et al., Phys. Letters B 687, 16 (2010).

3. A. Gehrmann-De Ridder and T. Gehrmannand, Eur.
Phys. J. C 47, 395 (2006).

4. S.Baranov, A. Lipatovand, and N. Zotov, Phys. Rev.
D 81, 094034(2010).
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EKCKJIIOBUBHE EJIEKTPOIIPOAYKYBAHHSA JBOX IIIOHIB HA HERA

B. €. Aymes'?, H. Kmak'?, C. Kananos®, C. IIpockypsikos®,
A. Jlesi’, T. A6paMOBiq3, 10. TomameBcbka'

! Hineywruii enexmponnuii cunxpompon (DESY), Fambype, Hiveuuuna
? Inemumym sdepnux docnioocens HAH Yipainu, Kuis
3 Tenv-Asiscoxuti Yuisepcumem, Tenv-Asie, Ispains
* Mockoscokuii Oeporcasnuii ynisepcumem, Incmumym soepuoi ¢izuxu, Mockea, Pocis

EKCKITI03MBHE €JICKTPONPOIyKYBaHHS JIBOX IiO- ZEUS
HiB y miana3oHi mac 0,4 < M,,< 2,5 I'eB BuBuanocs o+
Ha nerektopi ZEUS mpuckoproBaya HERA 3 inTe- 10° * ZEUS82u6"
rpanbHOIo cBiTHMicTIO 82 6™ [1, 2]. AHani3 mpoBo- F, M,)[*
- thon

IUBCA B KIHEMaTHYHOMY Aiana3oHi 2 < 0? < 80 'eB?,
32 <W<180TeB Ta |f| < 0,6 I'eB? ne Q* — BipTya-
TeHICTE PoToHa, W — POTOH-IPOTOHHUH IIEHTP Mac,
a t — KBagpaT 4-IMITyJIbCY, IepelaHuii BEPIIMHI MPO-
ToHa. Cucrema M, CKIIaIa€ThCs 3 pE30HAHCHOT Jac-
TUHH Ta HEpe30HaHCHOTO (oHy. Pe3oHaHcH omucy-
IOTBCS 32 JIONOMOIOI MiOHHOro (opm-(hakTopa
|F'(M,)|, nns iHBapiaHTHOT MacH IBOX IIOHIB IpH-
MyCKAEThCA, IO JOCTIKCHUN Jiana30H Mac BKIIIO-
gae B ceOe BKIIQAM CTaHIB BEKTOPHUX ME30HHHX p, p'
Ta p". Byno oTpuMaHO 3HAYeHHsS Mac Ta IIUPUHH
PE30HAHCIB, a TaKOX OOpPaxOBaHO 3AJIEKHICTH BiJl
Q? BigHowmeHs R, = o(p' — wrw)lo(p) Ta R, = o(p" —
— 7rr)/o(p) MONEPEUHUX MEePepi3iB 1 MOPIBHIOBAIOCH
i3 mepenbayeHHSIMU KBAaHTOBOI XPOMOJUHAMIKU
(KXT). Macu i mmpuHHA TUX TPhOX PE30HAHCIB J0-
Ope MOTOKYIOTBCS 13 CBITOBUMH TaOJWYHUMH Ja-
HumU, 3aHeceHumHu a0 Particle Data Group (PDG).
3anexHicTh Bif (* BITHOCHUX Tepepi3iB Ta aMILTi-
Tya OyJ10 BUKOHAHO JJIA TPHOX miama3oniB O (2 - 5,
5-10 ta 10 - 80 I'eB?) (Tabmums). OnepxaHuii y
JaHiil poOoTi moHHNHE HopM-(haKkTop MOPiBHIOBABCS
i3 GopM-hakTopoM, 1O OYyJI0 OTPUMAHO TIPH JOCHTi-
JOKEHHI po3maay e,

— saraasumii it
10!

10

102

04 06 08 1 12 14 16 1.8 2 22 24
M, (TeB)

Posnoxin aBomionHoi iHBapianTHol Macu My, ne N —
YHCIIO TOAIN Y KokHOMY OiHi eHeprii 60 MeB. Yopuumu
TOYKaMM TO3HAYEHO JaHI EKCHEePHMEHTY, CYLIbHOIO
JiHI€I — pe3yJbTaT (iTyBaHHS, BUKOPUCTOBYIOUM Mapa-
merpuzanito [3]. TlyHKTHpHA JiHIs MOKa3ye pe3ysbTaTh
PO3paxyHKIB pe30HAHCHOI KOMITOHEHTH CIIEKTPa Ha OCHO-
Bi mioHHOTO (hopM-(hakTOpa, HOPMOBAHOTO Ha EKCIEepH-
MeHTaJbHI AaHi. [IyHKTHpHA 3 Kpamkamu JIiHiS HOKa3ye
BHECOK (DOHY.

3anexnicTs yactku Ry Bin Q% ne V=p'Tap"
(mepuma moxXuOKa CTaAaTUCTUYHA, IPYra cMCTeMaTHYHA)

02, TeB? 2-5 5-10 10 - 80
R, 0,063 + 0,006 + 0,004 0,081 =+ 0,007 %, 405 0,122 + 0,008 406
R, 0,027 + 0,006 00 0,026 + 0,006 + 0,003 0,039 + 0,010 305

SIK BHITHO 3 PHCYHKA, PO3MOMALI Mac eKCKIIIO3HB-
HOTO JIBOMIOHHOTO EJEKTPOIPOAYKYBaHHS a00pe
Y3TOKYETHCS 13 THOHHUM  €JIEKTPOMArHITHUM
dopm-dakropom |F(M,,)|?, O MICTUTH TPH Pe30-
HaHcH p, p'(1450) Ta p"(1700).

BignomenHst R,3poctae npu 30UIbIIEHHI BENHU-
quHU (%, 4K 1 TIependadaiocss MOJEIIMHA Ha OCHOBI
KX]I, vy sxux XBUIbOBa (DYHKIISI BEKTOP-ME30HY
00paxoByeThc B MEXax KBapKOBOI MOJETi, y TOM
gac SK 9acTka Rp- cmabo abo 30BCIM HE 3aJICKHUTh
Big O

1. V. Aushev, in Proc. of the XIX Int. Workshop on
Deep-Inelastic  Scattering and Related Subjects
(DIS2011), 10.04.2011-15.04.2011 (Newport News,
Virginia, USA, 2011).

2. H. Abramowicz, V. Aushev, N.Zhmak et al,
Exclusive electroproduction of two pions at HERA,
DESY-11-220 (2011), submitted to EPJC.

3. J.H. Kuhnand and A. Santamaria, Z. Phys. C 48, 445
(1990).
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CALIBRATION OF THE N-XYTER SELF-TRIGGERING READOUT ASIC

A. O. Lymanets"?, T.Balog™*
(on behalf of the CBM collaboration)

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
? Frankfurt Institute for Advanced Studies, Frankfurt/Main, Germany
3 Gesellschaft fuer Schwerionenforschung, Darmstadt, Germany
4 Comenius University, Bratislava, Slovak Republic

CBM (Compressed Baryonic Matter) experiment
[1] at future Facility for Antiproton and Ion Re-
search (FAIR) will investigate the properties of the
phase diagram of strongly interacting matter in ul-
trarelativistic 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 cre-
ated in each collision and measure their momenta
with ~1.5 % resolution [2].

Inelastic collisions at average interaction rate of
10 MHz require fast readout electronics with high
channel density and free streaming data acquisition
system with high throughput. Current prototype
front-end electronics has been developed using n-
XYTER [3] readout chip with 128 channels and self-
triggering readout at 32 MHz frequency. The chip is
suitable for positive and negative signals and offers
a variety test modes (test trigger, test pulse, special
channel with analogue diagnostic output).

In order to characterize analog response of the
chip, energy calibration using external pulses has
been performed. Pulses of variable amplitude have
been passed through a capacitor with nominal capaci-
tance of 1 pF and fed into several individual channels.
The actual capacitance value of 1.2 pF has been veri-
fied with a precision LCR-meter. For precise deter-
mination of generated charge, amplitude of the volt-
age pulse has been measured with an oscilloscope.

By generating pulses with amplitudes between 2.5
and 52 fC, conversion factor of the ADC has been
obtained. As can be seen from Fig. 1, strong non-
uniformities of the conversion coefficient are present
for input charge below 10 fC. This complicates the
determination of signal charge generated by minimum
ionizing particles (~4 fC in 300 pm Si) and strip clus-
ter analysis where signal charge is shared between
several strips. ADC conversion factor for negative
signal charge with default chip settings is about
40 ADC counts per fC within the dynamic range of
30 fC and decreases at higher amplitudes.

Characterization of threshold is required for
achieving optimal noise occupancy and detection
efficiency. Global threshold in the fast shaper of
every channel is controlled by a Vth register setting
that can be changed between 0 and 255. In order to
relate input charge to the arbitrary register setting,
S-curve scan method has been employed.
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Fig. 1. ADC conversion factor of the chip

as a function of input charge.

Measured dependence of threshold register set-
ting versus input charge is shown in Fig. 2. The de-
pendence is almost linear for input charge between
2.5 and 10 fC. The slope of the threshold character-
istic is 21.2 Vth DAC units per fC.

Current studies of the n-XYTER will be further
complemented with local threshold calibration.
Threshold trim procedure will allow the adjustment
of threshold to the same amplitude in all channels of
a chip thus providing uniform analog response.
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Fig. 2. Threshold DAC setting versus input charge
measured using S-curve method.

1. P.Senger et al., J. Phys. G: Nucl. Part. Phys. 36,
064037 (2009).

2. J.M. Heuser et al., Nucl. Instr. Meth. A 568, 258
(20006).

3. A.Brogna et al., Nucl. Instr. Meth. A 568, 301 (2006).
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CHARGED PARTICLES FLUENCES
AT THE LHCB INNER TRACKER IN THE YEAR 2011

0.Y. Okhrimenko, V.M. Pugatch, V.M. Ilakovenko
(LHCDb Collaboration)

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

During the year 2011 LHC has been colliding
proton beams at 7 TeV. In total, 1.2 fb™' of Inte-
grated Luminosity (IL) has been delivered at IP8,
where LHCD experiment is located.

The Radiation Monitoring System (RMS) [1 - 3]
of the LHCDb Inner Tracker (IT) has detected about
1fb" (87 %) of total Luminosity - about 3 % was
unseen by the RMS due to low intensity colliding
beams at the startup of LHC and ~ 10 % of data was
lost due to a power cut. By the principle of operation
RMS measures secondary electron emission from

metal sensors caused by impinging charged particles.

It was shown in 2010 RMS response is correlated
with IL measured by LHCb. That has allowed cali-
brating the RMS for monitoring LHCb Luminosity
in 2011. Fig. 1 illustrates evolution of the luminosity
measured by different sensors of the RMS and
LHCb.
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Fig. 1. Integral Luminosity evaluation in 2011 measured
by LHCD (grey area) and RMS sensors (color lines). The
data are shown only for Bottom modules (4 working
channels). Other modules have similar performance.

The distribution of the absorbed dose (propor-
tional to the charged particles fluence) at 1.2 fb™' IL
over the IT Si-sensors is shown in Fig. 2.

Up to 100 - 500 Gy has been loaded to different
sensors. These doses correspond to (0.5-2)x
x 10" MIP/cm®. Evaluated correspondingly leakage

currents increase in Si-sensor constitutes 60 -

250 pA. This agrees well with the direct leakage
current measurements.

200

200

100 o 100
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Fig. 2. Dose Distribution over the IT Si-sensors
at IT-2 station measured by the RMS in 2011 at 1.2 fb".

RMS’s data are included in Beam and Back-
ground monitoring tools and displayed online in
LHCb Control Room to prevent damage of
Si-detectors from unexpected radiation incidents
during LHC operational, in particular, during the
beam injection.

MIP fluxes and absorbed dose distribution meas-
ured by the RMS are in a good agreement with the
Monte - Carlo simulated data.

As future plans, online displaying of the radiation
load and integrated luminosity will be improved. New
Monte-Carlo simulation of the radiation background
at RMS region will be done with new conditions.

We would like to thank Silicon Tracker and
Beam and Background groups and all LHCb Col-
laboration. Special thanks to Fred Blanc, Helge Voss,
Jeroen van Tilburg, Matthew Needham, Gloria Corti,
Federico Alessio and Richard Jacobsson.

1. V. Pugatch et al., LHCb Note 2007-062.

2. V.Pugatch et al., Ukr. J. Phys. 54, 418 (2009).

3. V.Ilakovenko et al., Nucl. Phys. and Atom Energy. 12,
225 (2011).

4. 0. Okhrimenko et al., in Proc. of ICALEPCS, 2011,
p. 1115.
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PO3POBKA KPEMHIEBOI TPEKOBOI CUCTEMM JIJIs1 EKCIIEPUMEHTY CBM

B. O. Kupa', I'. M. Masurina'?, $1. B. [Tanacenko', B. M. Iyrau', 10. €. Copoxkin '?, M. Xoiizep®

7 . . .
ITncmumym adeprux docnioxcens HAH Yrpainu, Kuig
2 . . ~ .. .
Yuieepcumem im. U. B. I'eme, @panxghypm-na-Mauini, Himeyuuna
3 . . .
Llenmp oocniosicens 3 gasickumu ionamu, Japmwmaom, Hiveuuuna

ExcriepuMeHT A7 IOCHIDKEHHS CTHUCHYTOI Oa-
pionnoi peuoBnau CBM (Compressed Baryonic
Matter) — e MailOyTHiH €KCIIEPUMEHT 3 PENsSTHBICT-
CHKMMH BKKHMH 10HaMU Ta (iKCOBAHOIO MIIlIEHHIO
Ha 0a3i mpuckoproBada SIS-300 B GSI (Jlapmmranr,
Himeyunna). Horo mera — mocmiauTtu (dazoBy miar-
pamy KBaHTOBOI XpOMOAMHaMIKH B 00JIACTi BUCOKUX
0apioHHUX TYCTHH Ta TOMIpHHX Temreparyp. st
MOIIYKY PIAKICHUX CUTHAJIIB MOYKIIUBOTO YTBOPEHHS
HOBOTO CTaHy PEYOBHMHH (KBapK-TIIOOHHOI IIa3MH)
HeoOXiZlHa BHCOKa IHTEHCHBHICTH SIPO-SAPOBUX
B3A€EMO/IIH, IO BUCYBA€ CyBOPi BUMOTH JI0 KOHCTPY-
KIii AETEKTOPHUX CHCTEM.

TpekoBy cucremy CBM [1], sxa € oqHuM i3 Hail-
BOKJTUBIIINX €JIEMEHTIB E€KCIEPUMEHTAIFHOI ycTa-
HOBKH, TUIAaHYE€ThCSI TOOYyBaTH Ha 0a3i KpeMHI€BUX
MIKPOIIKCENBPHUX Ta JBOCTOPOHHIX MiKPOCTPIOBUX
ceHcopiB. [y 3unTyBaHHs Oyae BHKOPHUCTOBYBATH-
Cs CHeliaibHO pOo3po0JicHa €JEKTpOHIKa Ha 0asi
mikpouina nXYTER (Front-End Boards) [2].

Yin nXYTER wmictute 128 xanamiB, KOXeEH 3
SKHUX CKJIQJa€ThCsl 3 HU3bKOIIYMOBOI'O IOIEPEIHBO-
ro migcumoBada i1 JIBOX ()OpMyBauiB: ILIBHIKOTO
(30 ue) i1 moBineHOTO (130 HC). nXYTER Mae 2 pe-
KUMH POOOTH: CaAMOTPWUTEPHUH 1 PEeXHUM 30BHIMI-
HBOT'O TPUTEpA.

Cumymsiais MIY 3a gomomororo mxepena ene-
krpoiB °Sr - *°Y sxiiicHioBanacst B pexuMi 30BHi-
LIHBOTO TPUTEpa: 3almycK BigOyBaBCs BiJ IUIACTHKO-
BOTO CUUHTWIIATOpA, KUK OyB MigKIIOYEHUH 10
OEII. BixgOupanucs enekTpoHH 3 €Hepri€io Oiibiie
1 MeB. HegomikoM pekuMy 30BHIIIHEOTO TPHUTEpa €
BUCOKHH DPIBEHb IIYMiB: E€IEKTPOH 3allMIIAc 3apsj
Ha KITbKOX CTpimax, ajge B e MOMEHT 3alHCy€EThCs
CUTHAJ 3 ycix 128 kxaHamiB, TOMy OLTBIIICTh BiJUTIKIB
Y CIIEKTPi KOKHOTO CcTpimna — (POHOBI.

BaxnuBoI0 XapaKTepUCTHKOIO OJIOK-CXEMH € Ya-
COBa 3aTpUMKa CUrHady. Byso gocsrHyTo 3aTpuMKH
50 HC (HE BpaxOBYIOUH 3aTPUMKY B 3UHUTYBAILHOMY
KOHTpOJIEpi, o cTaHoBUTh mopsiaky 30 ue). Crekrp
3 OIHOTI'O THIIOBOTO CTpila HpU Pi3HHUX 3aTpUMKax
npencrasieHo Ha puc. 1. Cnextp MIY ommcyerbes
po3nojaiiom Jlanmay. OTpumMaHuii CIIEKTpP HE € ICTH-
HHUM posnoziniom JlaHnay BHacCHiZOK HeileanbHOT
KoJiMaii Imydka: eJIeKTPOH-IiPKOBi MapH Bix OIHO-
rO eNeKTpOHa BHOCHIM BKIaa y 1 - 4 crpimu, yTBO-
prorour Tak 3BaHi knactepu. OCKiNbKH MiKpoKaOeli,
IO PUEIHYIOTH CEHCOP A0 Yila, MaroTh ABOIIAPOBY
CTPYKTYpPY [3], TO KOKeH Apyruil KaHajl Ma€e BHUIIUI
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piBeHB IIYyMiB, MO YCKIAJTHIOE PEKOHCTPYKIIIIO Kila-
CTEpiB.

D 3atpumka 50 He
[] 3arpumka 133 He
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EHeprist B oguHALsax AL
Puc. 1. Cnekrp enekTpoHiB 3 eHepriero Oiabime 1 MeB 3
OJTHOTO 31 CTPIMiB ISl PI3HUX 3aTPUMOK TpHUrepa, OTpH-
MaHWA 33 JOMOMOTOK) MIKPOCTPIMIOBOTO KPEMHIEBOTO
ceHcopa.
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3aTpuMKa TPUrepHOTo CUTHaY, HG
Puc. 2. 3anexHiCTh aMIUTITYIH CUTHATY
BiJl 3aTPUMKH 30BHIITHBOTO TPHUTEPA.

855

o

Takox Oyno MOCHTIHKEHO 3aIeKHICTh aMILTITY I
CUTHAIy BiJ 3aTpUMKHU Tpurepa. Ha onuH i3 kaHaniB
yina nmogaBaBcs MEBHUH 3apsifl BiJ TeHepaTopa, sIKUi
TaKOX CIIyryBaB TpurepoM. Ha puc. 2 npeacrapieHo
pe3yJIbTaTH TaKUX JOCTIKEHb, BEIMYNHA 3aTPUMKH
HE BPaxOBY€ 3aTPUMKY B 3UUTYBAJIbHOMY KOHTpOJIE-
pi. baunmo, mo 3atpumka mo 10 HC He BIUIMBAaE Ha
BEJINYMHY CUTHAITY.

1. J.M. Heuser et al., Nucl. Instrum. Methods A568, 258
(2006).

2. A.S.Bronga ef al., Nucl. Instum. Methods A568, 301
(2006).

3. V.M. Borshchov et al., CBM Progress Report 2009,
p- 15.
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EKCIHEPUMEHT CBM. JOCIIIKEHHSA XAPAKTEPUCTHUK INPOTOTHIIIB EJIEMEHTIB
JJIsI KPEMHIEBOI'O TPEKEPA

B. M. Hyraql, B. O. Kusa', I'. M. Masaurina'?, $I. B. Ilanacenko’, IO. €. C0p01<iﬂl’2
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? dpankgypmevkuii incmumym nepenexmusnux 00CIiONHCeHb,
VYuisepcumemy im. U. B. I'eme, @panxgypm-na-Mauini, Hiveuuuna

OpHiel0 3 aKkTyalbHUX 3a1ad (I3UKH BUCOKUX
CHEpriil € MOIIyK KBapK-TIIFOOHHOI Turazmu. Odiky-
€TBhCA, IO CYTTEBI JOCHIHKEHHS LOTO SBUINA Oy-
IyTh 3po0iieHi B excriepuMmenTi CBM, sikuii mporio-
Hye JyXe MikaBi (i3uuHI nOporpamu aus Jo-
cmipkeHHs (ha3oBoi JiarpaMu KBAaHTOBOI XPOMOJIH-
HaMiKU. YHIKadbHI OCOOJHMBOCTI OYIKYIOTHCS IS
eHepreTuyHoro niamazony CBM: ¢azoBuii mepexin
nepuoro poay Ta kpurunyHa touka. CBM, sk excne-
PUMEHT 2-TO MOKOJIiHHS, Oy/le CIIPOMOKHUN BUBYA-
TH pinki mpoOu, Quykryarii Ta xopensii. Hapasi
rine po3poOka nerexropa [1]. Y poborti mpepcrasie-
HO pe3yJBTaTH JOCHIKeHb XapaKTePUCTHK JeTeK-
TOPHHX CEHCOPIB Ta €JIEKTPOHIKH, IO TMPOBOASITHCS
B IHCcTUTYTI simepHux nociimkedb HAH Ykpainu.

Byno nposenene nocmigpkeHHsI MPOTOTHUIIIB ABO-
CTOPOHHIX KpPEMHIEBHX MIKPOCTPIITIOBUX CEHCOPIB
tury CBMO02. Jlerekrop CBMO02B2 nocnimxeno 3a
nonoMororo  MikpoenektpoHiku (win  NXYTER).
Cencop OyIio po3millieHO Ha IEMOHCTPATOPi MPOTO-
TUIY JE€TEKTOPHOTO MOMYJISL.

PesynbraTn mocnmigKeHp MOKa3ald, IO CEHCOPH
JaroTh BiAryk 3 00ox OokiB (n- i p-crpimm). [o-
CITIIPKEHHSI BOJIBT-aMIIEPHUX XapaKTEPHUCTHK CEHCOpa
CBMO02B2 BusiBHIN HOT0 HETUIIOBY XapaKTEPUCTUKY
(puc. 1) [2]. Jlasi TOpiBHSHHS HaBEICHO BOJBT-
ammnepHy xapakrepuctuka ceHcopa CBMO2BI1, no-
CJIIJPKEHHSI 3 IKAM TPOBOJIMIIKCS PAHIIIIE,
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Puc. 1. Boner-amnepHi xapaktepuctiku ceacopis CBMO02.

CeHcopu OyJ0 XapaKTepH30BaHO TAaKOXK y JO-
CIDKEHHSIX i3 pagioakTHBHAMHK mKepenamu (“°Ra,
9OSr). OCKUIBKM JWHAMIYHWHA  [Jiala3’oH  d4ina
NXYTER mume 120000 enexTpoHiB, TO MakcuMa-
JThHA 3apeecTpoBaHa eHepris Omm3pko 400 keB.

SKmo K YacTHHKAa BTpadae B JETEKTOpi OLIbIIY
EHEprilo, TO BOHA JACTh BIAJIIK Y MaKCUMAJILHOMY
KaHaJl CIEeKTpa — I¢ MOACHIOE MK Y BHMIpSHOMY
cencopom CBMO2B2 cmektpi “*°Ra. SIkmo Mix
JOKEpeJIOM Ta CEHCOPOM IMOKIACTH TOHKY altoMi-
Hi€BY (DOJIBTY, sIKa MOTIMHE BCi 0.-YaCTUHKH, TO LIl
mik 3auKae. Cumymamis MIY (MiHiMyM 10HI3yrOdi
YAaCTHHKH) 3JIICHIOBAJACs 3a JIOTIOMOTOI0 JKepena
%Sr (mMae HemepepBHMIl CIEKTp ENEKTPOHIB [0
2,2 MeB). BuwmiptoBaHHS TNpOBENEHO B PEXUMI
30BHIMHBOTO TpurepyBanas dUinma NXYTER Big
MIY. Tpurepom OyB IIBUAKHNA MIACTHKOBUI CLWH-
TWIATOP. TakuM YWHOM, BUKOPUCTAHHS 30BHIIIHBO-
IO TPUTEPYBaHHA AAJ0 3MOIY 3MOJEIIOBATH CIIEKTP
MIY (puc. 2).
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Puc. 2. Ammitynauii ciektp nXYTER.
Kosnom 06Benieno BHecok Big MIY.
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JloBroTpuBaii JOCTiHKEHHS MOKa3ajH, 1o 6a3o-
Ba JiHist NXYTER mae cunbHY 3a1€XHICTD Biff TEM-
nepaTypd, IO 3aBaKa€ MPOBOAMTH TPHBAIl BUMi-
proBaHHs1 0e3 HaIillHOTO MIATPUMAHHS CTajloi TeM-
nepatypu. [lomoBuna cTpimiB (KOXHUH ApyTHi) TIpH
migkmrodenHi  cencopa CBMO02B2 depe3 Mikpo-
kabenmi mo wima NXYTER wmae 3HauHO Oinbmmii
piBeHb 1IyMiB. Lle MosICHIOETbCS JBOLIAPOBOIO CTPY-
KTYpOIO MIKpOKaOeiB, sSKa MPU3BOIUTE IO TOTO, IIIO0
MOJIOBMHA TIPOBIJHHUKIB Ma€e OUIbIy €MHICTh. Po3-
poOHHMKaM MikpokabeniB Oylo  3ampOIIOHOBAHO
CTBOPUTH HOBUH KaOellb 3 TU3allHOM, SIKHA BHKIIIO-
yaB OWM pi3HI YMOBH MiAKIIOYCHHS CTPIMiB [0
MiKpOEJIEKTPOHIKH.

1. J. Heuser et al., Nucl. Phys. A830, 563 (2009).
2. J.Heuser et al, CBM Progress Report 2010, 18
(2011).
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RICE FORMULA APPLICABILITY FOR NOISE RATE ESTIMATION IN THE CBM
AND OTHER EXPERIMENTS WITH SELF-TRIGGERED ELECTRONICS:
COMPARING THE CALCULATION TO A MEASUREMENT ON EXMAPLE
OF N-XYTER CHIP

I. E. Sorokin'?, W. F. J. Miiller’, C.J. Schmidt’®

! Géthe University Frankfurt, Frankfurt/Main, Germany
? Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
3 Gesellschaft fuer Schwerionenforschung (GSI), Darmstadt, Germany

Self-triggered electronics is a natural solution for
high rate experiments with Poisson-like distributed
events. One of the problems which arise when using
self-triggered electronics is noise hits.

In a self-triggered system a noise hit is generated
as soon as the instantaneous noise amplitude exceeds
the threshold. This is in contrast to the conventional
triggered systems, where a noise hit is generated
only when a noise fluctuation coincides in time with
the trigger. A triggered system is therefore inher-
ently protected against fake hits.

When designing a self-triggered system the ex-
pected noise rate has to be estimated and taken into
account. Underestimating the noise rate may result
in overloading the data acquisition system and
excessive background, whereas overestimating it
may lower the efficiency.

Assuming a Gaussian noise with dispersion o, the
noise rate can be estimated with the Rice formula
[1.2]

» 2
Ji = '}‘?ﬂc:{:p(—Q—('yz) > (1)
where v, is the threshold; f; is the threshold crossing
rate, which the noise rate equals to provided the
dead time is small; f; is the zero crossing rate, which
depends on the system bandwidth. For a simple
CR-(RC)® shaper with rise time 7, the zero crossing
rate is given by [2]

P 2)

T

The Rice formula applicability to real systems
was tested on example of the n-XYTER chip [3]. A
large and stable in time noise was induced on a sin-
gle n-XYTER channel by loading the input with
10 pF capacitance in series with 15.4 kOhm resis-
tance. The noise rate was measured as a function of
the vth threshold register. In order to compare the
measurement to the Rice formula, the induced noise
needed to be known in units of vth, and it was meas-
ured in the following way: the n-XYTER internal
test pulse generator was enabled and the pulse detec-
tion efficiency was measured as a function of the

HIOPIYHUK - 2011

vth; the dependence was fitted with an error function,
and the sigma parameter of the error function was
taken as mnoise. Also the threshold offset
(i.e. physical threshold in vt4 units at v¢h = 0) had to
be determined. For this the latter procedure was
repeated with various pulse amplitudes A, but now
we extracted the mean parameter of the error func-
tion, which is the pulse amplitude 4,4 in vth units.
The threshold offset was evaluated by extrapolating
the A4,;(A) to A=0. For a rough estimate of the f;
parameter the formula (2) was applied (even though
n-XYTER fast shaper is in fact CR-RC type; rise
time 7, = 19 ns: f, = 16.8 MHz.

Taking into account the simplicity of the model
and the fact that no model parameters were fit to the
measurement, the observed agreement over 6 orders
of magnitude in rate is considered to be surprisingly
good (Figure). We conclude the Rice formula can be
used for noise rate estimates in designing self-
triggered readout systems for future experiments.
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Noise rate calculated with the Rice formula
and the measured.

Supported by HIC for FAIR, HGS-HIRe and
H-QM Helmholz Research School.

1. S.O. Rice, Bell System Techn. J. 23, 282 (1944).

2. W.Dabrowski et.al., Notes on requirements on noise
level and threshold matching for the DETNI ASIC and
on design validation, Collaboration DETNI.

3. A.S.Brogna et al., Nucl. Instrum. Methods A 568,
301 (2006).
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AHAJIIBATOP JJIs1 EKCIIEPUMEHTIB HA ®IJIbTPOBAHUX
IYYKAX HEHTPOHIB

A. I1. Boiitep, O. O. I'punaii, M. L. loponin, O. M. Koanvos, B. A. Jlioman, 1. O. Ma3uuii

Incmumym si0eprux docnioncenv HAH Yrpainu, Kuig

Po3pobieno HOBUI aHATI3aTOP AT CKCIIEPUMEH-
TiB Ha (QUIBTPOBAHUX ITyYKaX HEHTPOHIB Ha peakTopi
BBP-M [1].

Ho cknany aHamizatopa BXOISTh TPU BUMIpIOBa-
JBHUX TPAKTH (JBa KYTOBUX TPAKTH Ta OJWH TPAKT
BHUMIpIOBaHHS Ha NPAMOMY Iy4YKY) i CHCTEMa Kepy-
BaHHs yCTAaHOBKOIO KYTOBOTO PO3CiIOBaHHS HEHTpPO-
HiB YKP-3. KoxeH 3 KyTOBHX BUMIpPIOBAILHUX Tpa-
KTiB MICTUTh HEHTPOHHHI JETEKTOp, IMOTepenHiit
migcwtoBay (I111) Ta criekTpoMeTpHYHUIA ITiICHITIO-
Bad (CII). KyToBi BUMipIOBaJIbHI TPaKTH 00’ €qHAHI
Yyepe3 aHaIOTOBHH KOMYTaTop 3 HOMEPOM JETEKTOpa
(AKHZH), sixuit 3abe3neuye KOMYTALil0 iMITyJIbCIB 3
iXHIX BHXOJIB Ha CIEKTPOMETPUYHHNA aMILIITyIHO-
uudposuii nepersoptoBad (CALIT) Ta hopmyBaHHS
HOMeEpa BiAMOBIZHOTO KyTOBOTO TpakTy. TpakT Bu-
MIpIOBaHHSI Ha OPSMOMY Iy4Ky Ma€ amnapaTypHHUH
CKJIaJ], aHAJIOTIYHUH KyTOBHM BHUMIpIOBAILHUM Tpa-
kraM. KepyBanHs poOoToro aHamizaTopa 37iHCHIO-
€TBbCS OIHOIUIATHUM CHUCTEMHHM KOMII IOTEPOM
(CK). o xoMyHIKaI[ifHOTO TTOPTY CUCTEMHOTO KOM-
’IoTepa MiAKIIOYEHO MOIYJb KOMYTalil JUIs mpo-
IPaMHOTO KepyBaHHsI €JIEKTPOIIPUBOIOM MEXaHi3My
ycraHoBkH YKP-3. CK mae 3B’S30K 3 JIOKaJIbHOIO
KOMIT FOTEpPHOIO Mepexero it 3abe3ledeHHs [0-
CTyIy JO cepBepa Ta IHIIMX PecypciB, IO MOXYTb
BUKOPHCTOBYBATHCS B IPOLIECI €KCIIEPUMEHTIB.

CII, AKHJI ta CALIl € mpucrtposMu saepHOi
CJIEKTPOHIKH 3 MPOrPAaMHUM KEePYBaHHSIM BiJl CHCTe-
MHOT0 KOMII'toTepa yepe3 muHy ISA. Yka3zani npu-
CTpoi, a TakOX MOXYyJb KOMYyTalii po3poOieHo B
InctutyTi saepuux pocnimkens HAH Ykpainu.

[Iporpamue 3a0e3neueHHs aHaimi3aTopa MpU3HAa-
YEeHO I KepyBaHHs poOOTOI0 aHalli3aTopa Ta OTpH-
MaHHS pe3yJbTaTiB BUMipIoBaHb. [Ipu ipomy Binrmo-
BigHO 10 anroputMy pobotu YKP-3 3a omHy ekcrmo-
3WIIII0 HAKOMTUIYETHCS TPU CHEKTpa (10 IPSIMOMY Ta
JIBOX BUMIpPIOBAJIbHUX TPaKkTax). Y CBOIO YEepry 4HC-
JIO KCIO3UIi B OMTHOMY IMKJIi BU3HAYAETHCS Kijlb-
KicTIo KOMOiHauii 3pasKiB, 10 AopiBHIOE 16. Takum
YMHOM, 3a IIOBHUH IIMKJ BUMipIOBaHb HAKONIUYY€ETh-
cs 48 cnekrpiB. CTpyKTypy mporpamHoro 3abesre-
YeHHs I0Ka3aHo Ha puc. 1.

AHamizaTop peanxizoBaHO Ha OCHOBI pO3IIHPIOBa-
ya muHN [SA BP-14S-RS-R30 Ta xopmycy cucrem-
HOTO 0JI0Ka epCOHATBFHOTO KOMIT FOTepa 3 BUKOPH-
CTaHHSM LITaTHOTO OJIOKa >KUBJICHHS. 3 KOHCTPYK-

TUBHHX MIPKYBaHb Ta 3 YpaxyBaHHSM 0COOJIMBOCTEH
KepyBaHHs enekTpoMmexanisMoM YKP-3  monyns
komytanii BYK-1M Bukonano B Onoui CAMAC
OJIMHOYHOI IMTUPWHM. 3arajJlbHAN BHTJIS aHAIi3aTopa
MOKa3aHo Ha puc. 2.
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Puc. 1. CtpykTypa nporpaMHoro 3a0e3rne4eHHs.

BVE-IM

Puc. 2. Konctpykuist aHamizaTopa.

Amnanizatop OyAe BUKOPHUCTaHO AJISl PO3MIMPEHHS
HaNpPSMKIB €KCIIEPUMEHTAIBHUX POOIT i3 (iIbTpO-
BaHUMH IyYKaMU HEUTPOHIB HA JOCIITHUIIBKOMY
anepHoMy peaktopi BBP-M, 3okpema s otpu-
MaHHS AuQepeHIifHNX Tepepi3iB pO3CITHHSI HEUT-
POHIB Ha sapax, TMOBHUX HEUTPOHHUX TIEpepisiB
sfep Ta Uil JOCTiKEeHHS e(peKTiB caMOeKpaHyBaH-
HSl HEUTPOHHUX TIepepi3iB.

1. A.IL Boiirep, O.O.I'punaii, M.IL. Jloponin ma in.,
SAnepna ¢izuka Ta enepreruka 12,294 (2011).
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KOPEJISILIMHA METOJMKA HAPAMETP"I/IBAIIIT E®EKTHUBHOCTI CHUHTHJISITOPIB
JJIsA CIIEKTPOMETPII HIBUJIKWUX HEWUTPOHIB

A. 11 Boponos', L II. JIpsimauenko®, B. B. Ocramko’

! Inemumym monoxpucmanie HAH Yxpainu, Xapxis
? Inemumym sdepnux docnioocens HAH Yipainu, Kuis

Pamiariitai momnst smepHO-(i3UIHUX YCTAHOBOK SIK
JIOCITITHUIIBKHUX TaK 1 SJICPHO-TEXHOJOTTYHHX, XapaK-
TEpHI PI3HOMaHITHICTIO CKJIAZOBUX BUIIPOMIHIOBaHHS,
HacamImepes, L€ — 3apsAIPKeHI 4YacTUHKH, IaMMa-
KBaHTH, HeWTponu. Came JBI OCTaHHI CKJIaIOBI —
HEWTPOHHU Ta TaMMa-KBaHTH — CTBOPIOIOTh HAWOLIbII
MpoOJIeMH TEXHOJIOTIYHOI CXOXKICTIO peecTpariii —
MPOMIXKHOTO KPOKY YTBOPEHHS 3apsIKEHUX YacCTH-
HOK TIpH NIEPBUHHIN B3a€EMOII 3 JETEKTYIOUOIO Peyo-
BUHOIO, TUM K€ CUUHTWIATOpOM. L5t Bimoma it maBH:
npoOiieMa copusila PO3BUTKY IIOTYXHOTO METOLY
CIIEKTPOMETPii HEUTPOHIB (Ta «BIIIIICHHIO» Bifl 3aB-
JIM CYITyTHIX iM TaMMa-KBaHTIB) 32 4aCOM IPOJIHOTY.
Takox 1e cIpusuIo MOIIYKY NETEKTYIOUMX MaTepia-
JIB, TIEPII 3a BCE, CUMHTHJIATOPIB, sKi O HamaBaiu
MOXJIMBICTh CEJIEKTHUBHOI peecTparii, ineHTudikarii,
pO3IiIeHHs 41 BiOOpy BiAMOBimHOI iH(OpMarii cto-
COBHO IUX CKJIQJIOBUX MIIIAaHUX pajiaiifHUX TOJIiB.
3apa3 BiANOBIIHI AOCTIHKEHHS Ta TOIIYK NpUBEPTa-
I0Th 3HAYHWUH OHOBICHHWH iHTEpec, MiAKPIIUIeHUH
PEBOIIOMIHHAMH MOMITHBOCTSIMH ITH(DPOBUX TEXHO-
JIOTiH aHaJi3y CHEeKTPOMETPUYHOI iHpopmMalii i Ho-
BUMH BHMOTaMH (DyHIaMEHTAJbHUX Ta MPUKIAJHUX
TocIimpkens [ 1, 2].

VY naniii poOoTi OOTOBOPIOETHCS TMiITOTOBJICHA,
HaJlarO/KeHa U TepeBipeHa mNpeuusiiiHa excrepu-
MEHTaJIbHA METOAMKA Ul BUIIPOOOBYBAaHb CLMHTH-
JSAMIHHAX MaTepiajiB IJIsl peecTpaii MBUIKAX HEH-
TpoHiB 3 eHeprieio 1o 10 MeB 3 o6panum auckper-
HUM KpoKoM ii 3mian. [y nboro Oyae BUKOpHCTaHa
sinepHa peakiist D(d,n)’He, 1Ba KiHIIEBHX IPOIyKTH
SIKOT YTBOPIOIOTBCSL TpH OoMOapayBaHHI TOHKOT
IUTiBKH 13 AedTepoBaHoro moiietuneny (CD,) myu-
KOM TMPHCKOPEHUX 10HIB Ba)KKOTO 130TOMY BOIHIO —
neiitponis. i mpoxykTH — He#TpoH Ta aapo “He —
pEeECTPYIOThCS Ha 30irax iMIyJbCiB BiJi ABOX JETEK-
TOPiB 3 BHKOPHUCTAHHSIM KOMII IOTEPU30BaHOI Oara-
TomapaMeTpudHoi ycraHOBKkH. KokHa momis 30iry
IMITyJIBCIB BiJl HEHTPOHIB 3 IMITyJIbCAaMH BiJ JETEK-
Topa siep “He «momiuaeThes» eHepriero — sapa “He
(aMIUTITY THUH CTIEKTP KPEMHIEBOT'O HAITiBIIPOBITHU-
KOBOT'O JIETEKTOpa 3apsPKEHIX YaCTHHOK) Ta JIBOMa
napamMeTpaMu IOJ0 €Hepril HEUTPOHIB — aMILTITY II-
HUM CIIEKTPOM (POTONOMHOXKyBaya B OINTHYHOMY
KOHTAaKTl1 13 CIUHTHJIATOPOM Ta YacoM IIPOIHOTY
HEHTpOHa Bil 6GOMOapJ0BaHOT MillleHi 0 AETEKTOpA.
[Ipu migkpiruieHHI Takoro sSAepHO-(GI3UIHOTO KOope-
JAIIHHOTO eKCTIEPUMEHTY BIIMOBIAHUMH KiHEeMa-
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THYHUMH OOpaxyHKaMH «TeOMETpii» — oOpaHmx
KyTiB peecTpalii (BUILOTY) MPOAYKTIB — 3a0e3mevy-
€ThCSI OJHO3HAYHA imeHTHdiKalis monii smepHoi
peakmii 3 BiAmMOBimHUMH (HIKCOBAaHUMHU CHEPTiIMHU
MPOJIYKTIB.

AJIeKBaTHICTh METOIUKH OJHO3HAYHO JOBEACHO
KOPEISIIIHUMI BUMIPIOBaHHAMHU Ha 30irax mpoIyK-
TiB croHTaHHOTro nimeHHs > °Cf — HEHTpOHIB Ta
Y-KBaHTIB — 3 BHKOPHCTaHHSM JBOX (DOTONIOMHOXKY-
BayiB Ta JOCHIIPKYBaHUX CHUHTWIATOPIB. Ha pucyHky
HaBEICHO JBOBUMIPHHUH CIEKTp, OTPHUMAHUH i3 «CTa-
HIAPTHUMY» CTHJILOCHOBUM CIIMHTHIISTOPOM. AMILTI-
TyJla CHUTHAITy (DOTOMIOMHOXXYBada — BIiCh «X» —
BIZIIIOBIZIA€ CBITJIOBUXOAY IOCHTIKYBAHOTO CITHHTH-
JSITOpa; 9acONpONBOTHHH CIEKTp HEUTPOHIB Ta
Y-KBaHTiB — Bich «Y» — BIAIOBiAa€e eHeprii HEUTPOHIB.

Pesynbrar off-line copryBanHs HakonnueHoi iHpopma-
1ii CTOCOBHO MPOAYKTIB CHOHTAaHHOTO moxiny ~Cf. 3a
JIOTIKOIO OJIOK-CXEMH METOJMKH «BY3bKay (BHIIA) IiJIsi-
HKa BIIUTIKIB BiJIIOBia€ Y-KBaHTaM, a HIDKHS, OUTBII
«PO3MHUTa» BIJIIOBIJHO /IO PI3HOTO Yacy NPOJIbOTY JUIS
PI3HUX eHepriii — HeHTpoHaM.

HasiBHa omHO3HA4HA ineHTH()IKAIS ABOX COPTIB
BUIIPOMIHIOBAaHHS, a CaMe Y-KBAaHTIB Ta HEWTPOHIB,
JIOBOJIUTh MOXKJIMBICTh BUKOPHCTAHHS IIi€] METOIH-
K{ 3 METOIO TIONIYKYy Ta BUMPOOOBYBaHb HOBUX CIIH-
HTWSILIHHUX MaTepianiB Uil CEJIEKTHBHOI peecTpa-
1ii HEUTPOHIB y MillITaHOMY pajialifHOMY TOJi.

1. LP. Dryapachenko and E.M. Mozhzhukhin, Yaderni ta
radiacijni technologii 4, 76 (2004).

2. 1. Dryapachenko, E.Mozhzhukhin, V. Salo, and
O. Voronov, in Book of Abstracts LUMDETR 2009
(Krakow, Poland, 12 - 17 July 2009), p. 307.
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INPOI'PAMMA JJIs1 NPEACTABJIEHUSI CHEKTPOMETPHYECKHUX JAHHBIX
B BUJE JIMHEMHON KOMBHUHAIINU KOMIIOHEHT

A. M. Coko.10B

Hucmumym adepuvix uccaredosanuiit HAH Yxpaunvl, Kues

3amaya TpUOIMKEHUS AKCIEPUMEHTATBbHONU 3a-
BUCUMOCTH B BUJE JIMHEHHON KoMOWHaumu Oaswuc-
HBIX (DYHKIMH XOPOIIO M3y4eHa U BOCHPUHHMACTCS
KaK CTaHAapTHas IpU aHAJIHM3€ AaHHBIX pa3HOH Ipu-
ponsl. B cnekrpomerpun, Hampumep, Takas 3agada
BO3HHMKAET IIPH ONPEAETICHUU aKTUBHOCTU OTHEIIb-
HBIX PaJUOHYKIUIOB, BXOASAILIMX B COCTaB HM3y4dae-
Mol 1poObl. CIEKTPOMETp PETUCTPUPYET CIEKT,
KOTOpPBI MBI TIPEACTaBIsieM cebe B BUAE CYyMMEI
CIEKTPOB U3JIy4YECHUH OTIAECNBHBIX KOMIIOHEHT POOEI
(M35y4eHu# OTAETBHBIX 3JIEMEHTOB):

ZC sp(’) . (D)

3,[[60]: Sp j- CIICKTp, 3aJIaHHBIM OTCUETaMH B Ka-

HaJIaX CHEKTPOMETpa; ¢; - MOJJIeKAIUE OIlpeJe-

(1)

JICHUIO KOB(I)(bI/ILII/IeHTBI Sp - OTACIBHBIC KOMIIO-

HEHTHl (CHEKTPhl W3IyYCHHs OSTAIOHHBIX HWCTOY-
HUKOB U3 OTJICIBHBIX 3JICMEHTOB); j - HOMEpP KaHala;
i - HOMEp KOMITOHCHTBI.

OmHako 0OBIYHO TIPH U3MEPEHUN U KOMITOHEHT, U
criekTpa npucytctByer ¢on. [ToaTomy BMecTo uwmc-

TOTO CreKTpa u3Mepenue maetr Sp; + Fon2j, T.e.

CHEKTp ¢ POHOM, a BMECTO KOMITOHCHT MMEEM CIICK-
Yrober Fonl n Fon2

y4ecTb, UX HM3MEpSIOT OoTAenbHO (Foml omHOBpe-
MEHHO C KOMIIOHEHTaMH B TeX K€ yCIOBUsIX, a Fon?2
B OJIHUX YCIIOBUSIX C TEPBBIM CIIEKTPOM B CEpUH
u3Mepenuit). Kpome 3toro, eciam mepsieTcst cepus
CIEKTPOB, TO YCIIOBHS ATHUX U3MEPEHHUH MOTYT Me-
HATBCS, YTO OTPaKaeTcsl B MI3MEHEHHH IIKaJIbl KaHa-
JIOB. HpI/I 9TOM CIICKTP CABUTACTCA U PACTATUBACTCA
(mnu cxkMMaeTcs) MO OTHOIICHUIO K CIIEKTpaM H3ITy-
YeHHWsS] KOMITOHEHT, W3MEPEHHBIM MpH IPYrond Ka-
nubpoBke. s CHMHTWUIAIMOHHBIX JETEKTOPOB,
HampuMep, Takoi 3((EKT CBA3aH C 3aBUCUMOCTHIO
WX XapaKTePUCTUK OT TEMIEPATYPHI.

st Toro 9T00B!I 3aMauy 00pabOTKH CIIEKTpa CBe-
cTH K ypaBHeHHIO (1), HEOOXOIUMO MPUBECTH pe-
3yJbTaThl M3MEPEHUS OTACIBHBIX KOMIIOHCHT U
CIIEKTpa K OJHOM CHCTEME KaHAJIOB C OJMHAKOBOU

tpet Buga sp'’ + Fonl,.

KamnOpOBKOM 1O dHEpruu. it 3TOro OOBIYHO HC-
MOJB3YIOT KalMOPOBKY MO SHEPIHH, KOTOPYIO IPO-
BOJIAT Ha dTare MpeaBapUTebHON 00pabOTKH CIiek-
Tpa W OTHAEIBHBIX KOMMOHEeHT. lIpomemypa sra He
oueHb ymoOHas. OHa MOXeT TpeOOBaTh pEHepHBIX
W3MEPEHH! C HCIOJb30BaHUEM PaHMOAKTUBHBIX Ka-
TMOPOBOYHBIX UICTOYHUKOB HMIIH APYTUX yCHIIUH IS
ydeTa BIHSHUS TeMIIePaTypHl.

Hacrosimas nporpamma He TpeOyeT 3HaHUS Ka-
TUOPOBOK TI0 SHEPTHH, a TOJBKO MPEAIoIaraeT, 4To
KaTMOpOBKYU JI1 KOMIIOHEHT U Fonl OIWHAKOBEIE,
KaJIuOpoBKa A1l Fon2 W MEpBOTO B CEPUU CIIEKTPOB
COBIAJIAIOT, a JJIS MOCIEAYIONINX CIIEKTPOB MOXET
otnu4atecs. llpeamomaraercs Takxe, 4TO KajmoO-
POBKH I10 SHEPTUH IJIsi CIEKTPOB M JJISi KOMIIOHEHT,
umetomue Bunx E = Fs(k) w E = Fc(k) coor-
BETCTBEHHO, CXOJHBI 10 (opMe, a pa3sinuue BhIpa-
aeTcs B 3ameHe nepemenHoil: Fc(k) = Fs(a - k + b).
IIporpamMma paboTaeTr ¢ OTHOCHTEIBHON KaTuOpOB-
kot k2 = a'kl + b (He ucmoms3yeT SBHBIN BHI
¢ynkuuit Fs(k) n Fe(k)) u cama nHaxomut ko3¢ du-
UEHTH a U b. 3agaua B popme (1) mpeobOpasyercs B
3a/1a4y Ha MUHUMYM

2
mln(mln Zc sp(’) Sp:._,+b ). ()

KOTOpas pelaeTcs B JBa dTama (JJUHEHHBIN Ui ¢; U
HEJTMHEHHBIA 1711 a u b). [Ipu 3TOM cnekTp creru-
abHOU MPOUEAYPON «IEPECHIIKWY MEPEBOINUTCS HA
[IKaJy KaHAJIOB KOMIIOHEHT.

OnpeneneHue HHTEPECYIONIEH Hac aKTUBHOCTHU
OTJIENBHBIX COCTaBIAIOMMX B 0Opaslle MpPOU3BO-
JOUTCS M0 HAMOEHHBIM KOd((UIHMEHTaM c¢;, O OaH-
HbIM 00 aKTUBHOCTH 3TaJOHHBIX HCTOYHUKOB H C
YYETOM BPEMEHU U3MEPEHUS OTAEIBHBIX KOMIIOHEHT
U CIIEKTpa.

B 0110Ke CTaTUCTHYEeCKOro aHanu3a JaHHBIX MPo-
BOJUTCSI OLIEHKAa TOYHOCTU IOJIYYEHHBIX AKTUBHO-
creil. IIporpamma Tak:xe MpoOBEPSIET, JOCTATOUHO JIHU
Habopa KOMITOHEHT JJIsl ONMCaHUsl CIIEKTpa U BCE JIH
KOMITOHEHTHI 3HAYUMO OTIUYAIOTCS OT HYJIS.
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SAHNEPHA OI3UKA

HIANOTOBKA IIEPE3APAJHUX IIJIIBOK
JJIA TAHAEM-TEHEPATOPA JIAA EI'TI-10K

J. A. Kymimiii, A. C. BacuabkiBebkuii, A. I'. bepe3oBcbknii

Incmumym si0eprux docnioncenv HAH Yrpainu, Kuig

BusHauanbHUM IS XapaKTEPUCTHKH POOOTH JTi-
HIMHOTO TIPHCKOPIOBaYa 3apsHKEHHX YaCTHHOK, TO-
OyIOBAaHOTO SIK TaHJAEM, € BY30J IEpe3apsaaKH IpH-
CKOPIOBAHUX 10HIB 1 OCHOBHUI MapaMeTp IbOTo By3Ia
- TOBIIMHA Tepe3apsmHol MileHi. 3a suepHo-(izuy-
HUMHU TapaMeTpaMd B3a€EMOii MPHCKOPIOBAIBLHHX
IOHIB 3 aTOMaMH MaTepiaixy Tepe3apsIHOi MillleHi Ta
BIUTMBY IIi€i B3a€MOJii Ha OCHOBHI XapaKTECPHCTUKU
ny4ka (CHEpreTHYHUH 1 KyTOBHI PO3KUIN) HA BUXO/I
MIPUCKOPIOBAIIBHOT TPYOKH HEOOXiTHO BHUKOPHCTOBY-
BaTH MIIlIeHI, IO XapaKTePU3YIOThCSI HAUMEHIIAM
e(eKTHBHUM 3apsJIOM i MACOBHUM YHCIIOM.

Buxozsuu 3 arperaTHoro cTaHy pedyoBUHH, 3 SKOT
3po0JieHO nepe3apsaHy MilleHb, BUKOPUCTOBYIOTHCS
ra3oBi a00 TBepJOTUIBHI MimieHi. ['a30Bi MilieH1
CKJaJHi B NMPAaKTUYHOMY BUKOPHCTaHHIi: MOTPiOHO
poOuTH epeKTUBHY CHCTEMY BiJKadyBaHHS 3 IPH-
CKOPIOBAJIFHOI TPYOKM came y MiCIi i KOHTYKTO-
POM, SIKHMii 3HAXOJUTHCS il BACOKUM IOTCHIIAI0M
Bix 1 mo 15 MB i, 6axxaHo, mo0 cucTeMa Bikauy-
BaHHs Oylla 3 pereHeparlicro (MOBEpHEHHSIM) rasy.
MoxyTb OyTH 3Ha4HI IPOOIEMH Yepe3 TeOMETPHYHI
PO3MIpH KOHTeWHepa Uil yTPUMaHHsS Ta3y — KOH-
TeilHep NOBHMHEH OyTH MNPOTSDKHUM Y HAIpPAMKY
pyxy mydka (3a po3paxyHKaMH, ONTHMAIBHOIO €
noBxkuHa Oau3pko 400 MM), mo6 3a0e3meunTH J0-
CTaTHIO WMOBIpHICTH TIEpe3apsaKd i0HIB TPH MiHi-
MyMi €HepreTUYHOTO PO3KUAY. Y TOH e Jac po3Mi-
pH MillleHi B IHIIMX HANpsSMKaX, a TaKOX pPO3MipH
BXIJIHHX 1 BUXiTHUX OTBOPIB (miadyparmMu) mmis mydka
B KOHTeWHepi NMOBWHHI 3a0e3ledyBaTH HEMOKIIH-
BICTh MOAAJBIIOTO MPUCKOPEHHSI YaCTUHOK, PO3Cisi-
HUX Ha BHYTPIIIHIX CTiHKax MimreHi. ToMy Ha Oinb-
LIOCTI  TaHAEM-TE€HEepPaTopax BUKOPHUCTOBYIOTHCS
TBEPAOTUIbHI IEpe3apsAHi MillleHi.

VYci BijoMi MPakTUYHO BUKOPHCTOBYBaHI mepe-
3apsaHI TBEPIOTUIBHI MIMIEHI IS TaHIeM-TeHepa-
TOpIB BUTOTOBIISIOTHECA Ha OCHOBI BYTJIELIEBUX ILi-
BOK. Byrienp € HalOUIbII ONTUMAIbHUM JUISI BUTO-
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TOBJICHHS NIEPE3apSAAHUX IUTIBOK, BUXOJIYH 3 HEOO-
XigHoi TOBIIMHM (3HaYyHO < 1 MKM), MeEXaHI4HOI
CTIMKOCTI, OCTYIMHOCTI BHIXiJHOTO Marepialy Ta
HWOTO BapTOCTI.

VY Bigmii eneKTPOCTaTHYHHX MPHCKOPIOBAYiB
A1 HAH VYxkpainn Oyno MoznepHi30BaHO METOAMKH
BUTOTOBJICHHSI Ta OLIHKM TOBIIMHM Iepe3apsaHUX
BYTJIEIIEBUX IUTIBOK. POOOTH MpOBOAMIHCS 3 BHKO-
pUCTaHHAM HPOMHUCIOBOTO BAaKyyMHOI'O arperary
BVII-5M. Jlns po3nuieHHsT BYTJICIIO JTOCITIIKYBa-
JIUCSL JIBI METOJMKU: HarpiBaHHS MOCTIHHUM CTpY-
MOM i3 migOOpOM TOBLIMHU 3pa3Ka, IO HarpiBaBcs,
Ta BEJIMYMHU CTPYMY; CTBOPEHHS PO3PSAY MiX IBO-
Ma BYIVICLICBUMH KOHTAaKTaMH, IPH LbOMY AOCIHi-
JOKYBaBCsI BIUIMB Ha XapaKTEPHCTHKH TUTIBOK TpHU-
BaJIOCTI PO3psAy, IXHBOI KiJTBKOCTI Ta TPHUBAJIOCTI
MepEepBU MK po3psaaMu. TakoK TOCITIIKYBATHCS
napaMeTpH ILIIBOK 3aJIeKHO BiJl THUIY Ta MaTepiany
MiAKIAJ0K, Ha SKi MPOBOJUIOCS OCaIKyBaHHS PO3-
MIIJICHOTO B KaMepi BYIJIELIO: BHUKOPHCTOBYBAJHUCS
BiJIKOJIKM KPUCTAJIIYHOT COJIi PI3HOTO CTYIEHs 00po-
Oxu Ta naboparopHe cki0. OIiHKa TOBIIMHU ILTIBOK
Ha MEpIIUX eTarnax MPOBOANIACS 3BaXKyBaHHSIM CIIe-
MiaJBHO MATOTOBICHUX 3Pa3KiB, IO OTPUMYBAIIHICS
npyd 3HayHO OULTBLIOMY, HIX HEOOXiJHO, 4Yaci 4u
KUTBKOCTI PO3PANIB HANWIEHHS, IS ITiBUIICHHS
TOYHOCTI 3BaXYBaHHA. 3 OTPUMaHUX TaKUM YHHOM
JIAaHUX ISt pOOOYMX TUTIBOK PO3PaxXOBYBAJIKCS HEOO-
XiIHI TMapaMeTpu Mpolecy HamwieHHS (Jac, Kilib-
KICTh Ta TPWBAJICTh PO3PSAIB) A OTPUMaHHS He-
00X14HOT TOBILWHH.

JoaaTKoBO AJsl OLIHKHM TOBIIMHHM IUTIBOK Y IPO-
Heci HamwiIeHHS BUKOPHCTOBYBAlacsi METOAMKA
peecTpamii 3MiHM YacTOTH TeHepamii KBapiy Ha
KM HAHOCHBCSI TOHKHH IIAp TMOKPHUTTS BiAHOCHO
10 omopHoro. Takok TOBLIMHA MillIEH] 1OJAaTKOBO
OITIHIOBAJIACS 32 METOJIUKOI0 3BOPOTHOTO pe3epdop-
JIIBCHKOTO PO3CISIHHS Ha IMYy4YKy HPOTOHIB TaHAEM-
reHepaTopa.
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AHOTaUiT po6iT 3 aTOMHOT eHepreTUKU

THE OPTIMIZATION INVESTIGATIONS OF GEOMETRIC PARAMETERS
OF TWO-ZONE SUBCRITICAL SYSTEMS

V. O. Babenko', V. I. Gulik?, V. M. Pavlovych®

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

Studies of different authors [1 - 3] show that the
construction of accelerator-driven subcritical sys-
tems is a very promising way in nuclear power engi-
neering. Such systems provide a possibility to im-
prove the safety level and to work out effective
methods of transmutation of long-lived radioactive
waste.

Here we present further development of our pre-
vious work [4, 5]. The theoretic background of the
development of accelerator-driven subcritical sys-
tems can be found in more detail in [4, 5], as well as
preliminary results of our studies.

We investigate the amplification of the neutron
flux by a number of subcritical systems, namely, by
a homogeneous spherical assembly made up of en-
riched uranium, by a homogeneous spherical assem-
bly made up of water solution of enriched uranium,
and by a homogeneous spherical assembly made up
of enriched uranium and containing beryllium re-
flector.

A subcritical reactor is a nuclear fission reactor
that produces fission without achieving criticality.
Instead of a sustaining chain reaction, a subcritical
reactor uses additional neutrons from an outside
source. The neutron source can be a nuclear fusion
machine, a particle accelerator producing neutrons
by spallation and other neutron sources [6]. Such a
device with a reactor coupled to an accelerator is
called an Accelerator-Driven System.

The main objective of our investigation was to
establish the basic laws of the behavior of the ampli-
fication factors of neutron flux and energy depend-
ing on primary features of the assembly - such as
nuclide composition, energy of neutrons of the ex-
ternal source, effective multiplication factor of the
system, and ratio of nuclear concentrations in differ-
ent zones and their sizes. Study of such model as-
semblies is of interest for a better understanding of

amplification properties of more complicated sys-
tems and for their parameters optimization.

The first stage of our research studied is com-
parative calculations of efficiency and cost one and
two-zone subcritical assemblies. The research results
clearly show the advantage of two-zone systems, as
in the neutron-physical characteristics and in the cost
of system. Also the modeling results show that the
system is more effective when the outer zone is
greater than the inside zone.

The second stage of our research is to find the
optimum volume ratio of inner and outer zones of
subcritical reactor.

Simulation results show that for simple spherical
two-zone subcritical systems optimum volume ratio
of outer and inner zones is order of two.

Calculations of the amplification factors and
other physical characteristics of the systems under
consideration were done with the help of the neutron
Monte Carlo transport code MCNP-4C [7], which
employs the latest ENDF/B-VI nuclear data library.

1. C.Rubbia et al., CERN/AT/95-44(ET), 1995.

2. C.D.Bowman, Ann. Rev. Nucl. Part. Sci. 48, 505
(1998).

3. S.A. Bznuni et al., The physics of elementary particles
and atomic nucleus 34, 977 (2003) (in Russian).

4. V.A.Babenko, V.. Gulik, L.L.Jenkovszky et al,
Problems of Atomic Science and Technology. Series:
Nuclear Physics Investigations (45) 6, 122 (2005).

5. V.O.Babenko, V.. Gulik, V.M. Pavlovich, and
O.A. Pupirina, Problems of Nuclear Power Plants’
safety and of Chornobyl 6, 8 (2006) (in Ukrainian).

6. V.O.Babenko, V.I. Gulik, and V.M. Pavlovych, in
Proc. of Waste Management Conference (WM2010). -
Phoenix, USA, 7 - 11 March, 2010.

7. J. Briesmeister. MCNP General Monte Carlo Code
N-Particle Transport Code Version 4C, LA-13709-M.
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ATOMHA EHEPTETHUKA

JOCJIIXKEHHSI HA CTIMKICTHh CTAIIIOHAPHOI XBWJII AJEPHUX MOILIIB

B. M. XOTfliHIleBl, A. B. AKCLO]—[OBI, 0. M. Xom’iﬂuesaz, B. M. IaBioBuy’

7 . o . o . . . .

Kuiscoxuii nayionanvnuu ynieepcumem imeni Tapaca Illeguenxa, Kuig
2 . . .
ITncmumym s0epnux docnioxcenv HAH Vkpainu, Kuis

OpHi€ero 3 IHHOBaI[IHHIX PEaKTOPHUX CHCTEM, IO
TOCTIKYIOThCA B TIOIIYKYy ONTHMANBHUX JDKEpel
eHeprii, € IIBUIKUN CaMOperyJbOBaHUN PEaKTop,
10 TIPAIioe Ha XBWII saepHuX moainis (PXAIT).

Y po6orti [1] moka3aHo, IO TSI OJHOBUMIPHOTO
PXAII 3 ypaH-TUTyTOHIEBUM IUKJIOM B OJHOTPYIO-
BOMY HaONMKEHHI Ipu BpaXyBaHHi B-posmany ~+ Pu
rpadik 3aJe)KHOCTI MIBUAKOCTI CTalliOHApHOI XBHIII
BiJy 0e3p0o3MipHOi KOHIIEHTpaIlii MOTIWHAaYa p Mae

TOYKY MOBOPOTY, TOOTO ICHYIOTH BEpXHA W HUXKHSA
TUIKH CTaIlioHapHUX pPO3B’si3KiB. TaMm xe Oyno BH-
CJIOBJICHO TPHITYIIICHHS, 110 HUXHS TiIKa € HECTiH-
KOIO 1 IIBUAKICTH CTAaLliOHAPHOI XBUIII HE MOXKE OyTH
MEHILOIO AESKOTr0 TPAaHWYHOrO 3HaueHHs. MeTa miei
poOOTH — AOCTIAWTH HAa CTIHKICTh XBWJIi, IO BiAIO-
BiZIAIOTh PI3HMUM TiJKaM IIBHIKICHOI XapaKTepPHCTH-
ku PXAIL.

BiamoBimHa HecTarioHapHa 3a7ada PoO3B’SA3Y-
Bajach 4HcenbHO. PeakTrop BHOMpaBcs IOCTaTHHO
JIOBTUM, 1100 BHOIp MEKOBUX YMOB Ha WOTO KiHIISIX
He OyB iCTOTHHM. B 4KOCTi MOYaTKOBUX yMOB TpHU
pO3paxyHKy BHKOPHCTOBYBAIHMCH JaHI PO3B’sS3aHHS
3a/la4l Ha CTalliOHapHY XBWIO [1] uist BepXHBOI U
HWXHBOI T1IJIOK B HEOOMEXXEHOMY TI0 JIOBXKHHI peak-
Topi, otpumani npu p =0,06815, ane 3HadeHHS p

3MIHIOBAJIOCH Y OLIbININI 200 MEHIIH OiK.

HopMoBanwuii iHTerpasjabHuUi NOTIK HEUTPOHIB
T i T Ll T . T Ll T Ll T 1 T
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0.8 -

0.6 b

0,4 il

0.0 o B

T v T v T v T v T v T v T
1] 10 20 30 40 50 60

Yac, 1 ox. = 3,4 nobu

Puc. 1. 3aryxanns xsui npu p = 0,069.

JBa TMNOBI BapiaHTH €BOMIOLIi CTaHy HHXHBOT
rinku BimoOpakatoTh puc. 1 i 2, Ha SKUX MPEICTaB-
JIeHa 3MiHa 3 9acOM IHTETPaIbHOTO MTOTOKY HEHTpPO-
HiB, HOPMOBAaHOT'O Ha IIOYAaTKOBE 3HAYEHHS, IPH
p=0,069 i p=0,065 BignoBimHO. B 000X BHMIaI-

Kax CHCTeMa IMEePEXOINTh B iHIINH CTaH: y MEePIIOMY
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HopmoBaHwuii iHTeTrpanbHuiA TOTIK HEHTPOHIB
T T T = T - T Ll T . T T T
14 .

T T T T T T
] 50 100 150 200 250 300

Yac, 1 og. = 3,4 nobu

Puc. 2. [lepexin xBuii y cTarioHapHHAN CTaH BEPXHBOT
rinku pu p = 0,065.

BHITAJIKy XBHJISI TaCHE MPUOJIM3HO 3a YOTHPH MIiCIIi,
a y JpyroMy IOTIK HEHTPOHIB MOCTYIOBO 3pOCTa€E
NPOTATOM MPHOJIM3HO ABOX POKIB Oiiblle SIK Yy Jie-
CATh pasiB, XBUIIA PO3TAHAETHCA U MEPEXOAHUThH Y
CTaH, IO BIJAIOBITAE CTAIliOHAPHIN XBUJII BEPXHBOT
TUIKM TIpH JAaHOMY p. TakuM YHMHOM, CTaliOHApHi
PO3B’SI3KH HIW)KHBOI TIIKU € HECTIHKUMU 1 He peai-
3YIOTHCS SIK CTAIliOHAPHI XBUJIl B peakTopi. Y TOU ke
Yyac CTalllOHAPHI PO3B’S3KU BEPXHBOI TiJIKU € CTii-
kuMU. Po3paxyHKH Ui TOYaTKOBHX CTaHIB BEpX-
HBOI TUTKH MM ATBEPKYIOTH I BUCHOBOK.

B 00ox Bumajakax (quB. puc. 1 i 2) eBoJIOLIA CH-
CTEeMH BKJIIOYA€ MPOLECH ABOX pPI3HUX TUMIB: 1)
BITHOCHO IIBUAKHUU TIEPEXiHUMN MpoleC TUIY 3aTy-
XalounX KOJNHMBaHbL IOTOKY Ta PEAKTUBHOCTI; 2) TO-
BIJIBHUH CaMOpETyIbOBaHUI TMpoIec, OB’ I3aHul 13
MOCTYTNOBOIO 3MIHOIO PO3MOINIB KOHIEHTpAIil
sIep 1 mepeMiIeHHsIM XBUIIi, 32 SKUMH a1ia0aTHIHO
3MIHIOETHCSI HEUTPOHHUIA MOTIK.

Jlnst OinbIIOi HAOYHOCTI Yac KUTTS HEHTpOHA
MIpH TIPOBEJICHHI PO3paxyHKiB OyB MITY4YHO 30111b-
IICHUH, Yy Ppe3yibTaTi Mepioa OCUMIIMmii 3pic. Y
JIACHOCTI BiH cTaHOBUTH Oyu3bko 1 - 10 c. [lepion
OCHWJIAIIN € PI3HUM IIJIsl BEPXHBOI i HIDKHBOI T1IIOK
1 3aJIe)KHUTh TAaKOX BiJ BUOpaHOTO 3HaUeHHS p . Bin-
HOCHO IMX IIBHAKHAX OCLMJIALINA CTaHH 000X TlJIOK €
CTIKUMU, HECTIMKICTh CTaHIB HIKHBOI TITKH 3yMO-
BJICHA CaMe TIOBUIBHOIO 3MIHOIO KOHIICHTPAITIH sIep.

1. V.M. Khotyayintsev, V.M. Pavlovych, and O.M. Kho-

tyayintseva, Travelling-wave reactor: velocity forma-
tion mechanisms, in PHYSOR 2010.
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BUKOPUCTAHHA ABOI'PYIIOBOI'O HABJIM)KEHHSI B METOJIAX
HEUTPOHHO-IIYMOBOI JIA'HOCTHUKH

B. M. I1aBaoBu4, A. I Canxyp, C. A. CTOpo:KeHKO

Incmumym si0eprux docnioncenv HAH Yrpainu, Kuig

Ha ocHoBi Teopii rimgacTux MpoIECiB PO3TIIHY-
TO MPOLIEC PO3ZMHOXKEHHS HEHTPOHIB Y CEPEOBHIII 3
BMIiCTOM MaTepiaiiB, M0 IUIAThCA. Posrmsin mpose-
JIEHO NS MiJKPUTHYHOI CUCTEMH 33 YMOBH MPHUCYT-
HOCTI 30BHIIIHBOIO JDKEpesia B HAOJMKECHHI JBOX
CHEPreTUYHUX TPYN HEUTpOHIB. OTpUMaHO TBipHY
(YHKIIIO KUTPKOCTI BIJIIKIB JIETEKTOpa 3a MEBHUU
MMPOMIKOK Yacy Ta BCTAHOBIIEHO ii 3B’S30K 3 TBIip-
HOIO (PYHKIII€I0 CTAI[IOHAPHOT'O PO3MOJITY HEHTpO-
HiB 1 TBipHUMHU (QYHKI[ISIMH, IO OMHCYIOTh YacCOBY
3aJIeXKHICTh PO3MOTY HEUTPOHIB, SIKI HAJIEKaTh IO
MOBUIBHOT Ta MBUAKOI eHepreTuuHux rpymn. Omep-
JKaHO aHAJITHYHI BHpa3u Ui MEPIIOro Ta JIPYroro
(hakTOpiaTbHUX MOMEHTIB BHIIEBKA3aHUX TBIPHHUX
¢yHkuii. [IpoBeaeHo MOPIBHSHHS 3 OTHOTPYIIOBHM
HAOJMKEHHSIM 1 IIOKa3aHo, 110 Ha BiJIMiHY BiJ{ OJTHO-
TpyIHOBOTO, Y JBOTPYIIOBOMY HaOIIKEHHI crcTeMa
XapaKTepHU3y€eThCS ABOMA TTapaMeTpaMu KPUTHIHOC-
Ti: IEPUINHA, OJU3bKHUIA 32 3HAYCHHSM JI0 OTPUMAaHO-
ro B OJHOTPYIOBOMY HaONMKEHHI, BiANOBigae 3a
OaJlaHC MK YTBOPECHHSIM 1 TTOTJIMHAHHSM HEUTPOHIB,
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a JIpyTui, 3a 3HaYeHHsAM Habarato OuTbmWi (yHac-
JI0OK HAOJIMKEHHS CJIa0KOIOTIMHAIOYOTO Cepelio-
BUIIA) BiJl MEPIIOTO, BiJIIOBIIA€ 32 CHOBUILHIOOY]
BJIACTHUBOCTI cepenoBuia. TBipHY (YHKIIIO KiTBKO-
CTi BIIIIKIB AETEKTOpa, OTPUMaHy B HaOJIKEHHI
JBOX TPYII, 3aCTOCOBAHO B METOJIi HEHTPOHHOIIYMO-
Bo1 miarHoctukn DeliHMaHa ¥ OTPUMaHO aHAJITHY-
HUWA BHpa3 BiIHOIICHHS IUCIIEPCIii IO CEepeaHbOTO
3HAYEHHs KUJIBKOCTI BIUIIKIB 3aJI€)KHO BiJl 4acCOBOTO
iHTepBany BHMipioBaHHs. l[lokazaHo, O TpaHUYHE
3HAYEHHS HOTO BiJHOIICHHS NMPH BEJIHKUX 3HAYCH-
HSX YacOBOTO TPOMIXKKY BHMIDIOBAaHHS, a TaKOX
CepeIHs IIBUJKICTh JIIUOM JETEKTOpa HE 3aJIeKaTh
BiJl pO30OWTTS HEUTPOHIB HA TPYMHU IO EHEPTifiX.
ITokazano, mo BUKOpUCTaHHS MeTony DeliHMaHa y
JBOIPYNOBOMY HaOJIMKEHHI Maike He Mae mepeBar
MOPIBHSHO 3 OJHOTPYIOBUM HAOJMKEHHSM y BHIIa-
Ky pEakTOpiB Ha TOBUIBHHX HEUTPOHAX, OJHAK
MOX€E CTAaTH B HAaroJli y BUMAagKy pPeakTOpiB Ha IIBU-
JKUX HEHUTPOHAX 13 CYTTEBO BiMIHHUMH CIIOBiJIb-
HIOIOYMMHU BIIACTUBOCTSIMH CEPEIOBUIIA.

IHCTUTYT AJIEPHUX JOCJIPKEHb HAH VKPATHU



ATOMHA EHEPTETHUKA

PACHPEJIEJIEHUE BPEMEHU JOCTHXXEHHSI YPOBHS UMCJIOM HEMTPOHOB
N IIEPUOJ PEAKTOPA

B. B. PsizanoB

Hucmumym soepruix uccreoosanuii HAH Yxpaunol, Kueg

Ilox BpeMeHeM MAOCTIDKEHUS YPOBHS YHCIOM
HEUTPOHOB TOHUMAETCAd CIydailHO€ BpeMs 10 MO-
MEHTa JTOCTHKCHUS CIIyYalHBIM MPOLIECCOM IOJHO-
r'0 YKCJIa HEHTPOHOB B PEAKTOPE 3a/IaHHOTO YPOBHSI.
BpeMst nocTukeHMS ypOBHS YHCIOM HEHUTPOHOB
nMeeT Oosiee OOIMMH (DU3NYECKUI CMBICI, YeM Tie-
puon peaktopa. llepruon peakropa — nTuHAMHYECKas
BEIMYMHA, CpEeIHee BPeMs IOCTI)KCHHS YpPOBHS —
cTOXacTW4ecKas, MOJy4YeHHas M3 CTalMOHAPHOTO
pacmpeneneHusl BpEeMEHH IEepPBOTO  JOCTH)KEHUS
ypoBHs. llpeamomaras oOrpaHHYEeHHOCTh MAaKCH-
MaJbHO BO3MOKHOTO BPEMEHH JIOCTHKEHHS YPOBHS
VUUTBIBAEM 3aBHCHUMOCTH OT TEKYIIEr0 MOMEHTa
BpPEMEHH.

OHepreTUUecKuil peakTop ¢ 0OpaTHBIMH CBS3SIMU
HE OIHCHIBACTCA ACUMIITOTHUYECKHM IEPUOIOM B
COOTBETCTBHH C ypaBHEHHEM OOpaTHBIX YacoB —
TaKOH MEpPHOa HE MOXET OBITh yCTAaHOBHBIIUMCS U
[I03TOMY HE OIpeJeNieHa OJHO3HAYHAS CBSI3b MEXIY
MIEPUOJIOM PEaKTOpa U BBEACHHOW PEAKTUBHOCTHIO.
N xak cnencreue — TpyJAHO HAWTHU, HACKOJBKO OTac-
HO u3MeHeHue 3¢ (GeKTUBHOTO Ko3(duimeHTa pas-
MHOXXCHHUSI HEeHTpoHOB. [loaTOMy mHIMpOKO mpume-
HSIEMBI B KOHTPOJIC M YIPABICHUH TIEPUO]T PEAKTO-
pa 000CHOBAaHHO MOXKET OBITH MCHOJIB30BAH TOJIBKO
Ha MUHUMAJIbHO KOHTPOJIUPYEMON MOIIIHOCTH.

[lepuox peakTopa ompenenseTcs IUHAMUAKON
cuctembl. Bpemsi JOCTHKEHUS YPOBHS YUCIIOM HEM-
TPOHOB TaKXKe XapaKTepHU3yeT BPEMEHHOW HMHTEpBall
B ABOJIIOIIUN HEUTPOHHOU CHUCTEMBI, OJJTHAKO HOIXO/T
K OTpEACNICHUIO STOW BEIHYUHBI U e¢ (PU3NIeCKui
CMBICTT CYIIECTBEHHO OTIUYAIOTCA OT JTUHAMHYECKO-
ro MOJAX0/a, UCIIOJIb3YeMOro NMpH U3yUYeHUH MepHo-
Jla peakTopa. B BbIpakeHHs AT BpEMEHU JTOCTHKE-
HUSl YPOBHS MOXKHO BKITIOYHTPH 3aBUCSIIYIO OT Bpe-
MeHU peakTUBHOCTh. [lomyuennsie B [1] cooTHoIIE-
HUS 3aBUCAT OT BEPXHET0 pe/iesia MHTETPUPOBAHNUS,
MaKCHMaJIbHO BO3MOXKHOTO BPEMEHH JOCTH)KEHUS
YPOBHS YHCIIOM HEUTPOHOB.

[Ipeanaraemsiii B [1] moaxo mo3BONSIET OMUCKI-
BaTh peajbHbIE NEpEeMEHHBIE BO BPEMEHU DPEKUMBI
paboThl peakropa. B kauectBe mpumepa B [1] pac-
CMOTpPEHa KHHETHKa pEeaKkTopa B SHEPreTUYECKUX
pexxnMax paboThl, caMOperyJHupoBaHHe Oyaromaps
00paTHBIM CBSI3SIM, TIEPEXOJHBIA MPOIECC MPH II0-
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JIOKUTETFHOM BO3MYIIIEHWH peakTHBHOCTH. [[uHa-
MUYECKOE MOBEICHNE SIIEPHOTO PEaKTOpa yUNUThIBA-
€TCsl BBEJICHUEM KyCOYHO-HENPEPBHIBHBIX (DYHKIUH
IDIOTHOCTH pacrlpesieieHus BPeMEHU JKHU3HU HeW-
TPOHOB B 3aBHCHMOCTH, HaIlpUMep, OT MEPEMEHHOMN
BO BPEMEHH pPEaKTHBHOCTH peakTopa. [Ipu Takom
[TOIXOJIE YUYHUTHIBACTCS UCTOPHSI CHUCTEMBI, KaXI0e
M3MEHEHNE DPEaKTHBHOCTH BHOCHUT BKIIAJ B IMOIY-
YCHHBIC BBIPAIKCHHUSL.

Pacuersl BpeMeHU NOCTIKEHHsI YPOBHS YHCIOM
HEHTPOHOB MOTYT OBITH MTPOBEICHBI MTPH H3MEHEHUN
PEaKTHUBHOCTH BCIICJICTBUE M3MEHEHHUS COCTaBa aK-
TUBHOUM 30HBI, BBITOPAHMsS SACPHOTO TOILIUBA, OT-
paBJIEHHUS peaKTopa, KCEeHOHOBBIX KoJieOaHui U JApy-
TUX SBJICHUH, COMYTCTBYIONIUX paboTe peaxTopa.
[Ipu ompenencHHBIX W3MEHEHHSX PEAKTUBHOCTU
MOBEIEHNE MOMEHTOB BPEMEHH TOCTKEHHS YPOBHS
(cpemuero, aucmepcun) uMeeT ocoOeHHOoCcTH. OHH
MOTYT, HAlpUMEp, MPUHUMATh KOMIUICKCHBIC WU
oTpulaTenbHble 3HaueHus. OIeHKa CpelHero Bpe-
MEHHU [IOCTHKEHHS YpPOBHS YHCIOM HEHTPOHOB B
peakTope M AWCIEPCHUS dTOH BETUYMHBI MOTYT CIIy-
JKUTh OJIHUM W3 TMPAKTUYCCKUX TMPUMCHEHHN Tpe-
JIaraeMoro OMHCAHWS TP Pa3INYHBIX BapHaHTaxX
W3MEHEHHUS] PEaKTHBHOCTA BO BPEMEHHU. DTH H3Me-
HEHUS TPEAIoararoTcs 3ananHpiMu. OcoOeHHOCTH
MOBEICHUSI MOMEHTOB BPEMEHH JIOCTKEHHS YPOBHS
OyIyT yKa3pIBaTh Ha HEYCTOWYUBOCTH HEHTPOHHOM
CUCTEMBI.

Takum 00pazom, yuyHWTbIBasg pas3Hble SPQPEKTHI,
BHOCSINIME BKIIAJ B PEaKTUBHOCTh, MOKHO BHIOMPATH
ee OezomacHoe W3MeHeHHe. MareMaTHYeCKHE BbI-
paXEHUs JUIsl CPEJHETr0 BPEMEHU JOCTH)KCHUS
YPOBHSL YHCIIOM HEHTPOHOB IMPOIIE W HAarJsaHee
COOTHOIIIEHNH, CBS3BIBAIOIINX IEPHOJ pPEaKTopa C
PCaKTUBHOCTHIO. DTU BBIPAKEHUS JIETKO PACCUMTHI-
BaIOTCSl. AJTOpUTM Takoil. 3amaeTcss HU3MEHEHHE
PEaKTUBHOCTH BO BpeMeHH. [1o moIydeHHBIM COOT-
HOILIEHUSIM M TpapuKaM HaXOAATCS MOMEHTBHI Bpe-
MEHH, B KOTOPBIX U3MEHCHUE PEAKTUBHOCTU MOXET
MPUBECTH K 3HAUEHUSM CPEIHETO BPEMEHH JIOCTH-
JKEHUSI YPOBHS YHCIIOM HEHTPOHOB, COOTBETCTBYIO-
VM OTIACHO MaJIbIM TIEPUOJIaM PEaKTopa.

1. B.B. Ps3anoB, Atomuas sueprus 110, 307 (2011).
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CREATION OF A NEUTRON FILTERED BEAM WITH THE ENERGY
275 keV AT THE KYIV RESEARCH REACTOR

0. O. Gritzay, V. A. Libman

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

Neutron filtered beam technique was launched at
the Kyiv Research Reactor (KRR) for more than 30
years. More than ten quasi-mono-energetic neutron
lines were created in the energy region from thermal
energy to 150 keV instead reactor neutron spectrum
using the composite neutron filters. Development of
the new neutron filters is in progress to obtain the
high-intensity neutron beams with energies up to
1 MeV. The development of the 275 keV filter was
realized in the Neutron Physics Department during
this year.

The traditional filter development procedure is
consists of three steps: 1) calculation of the filtered
neutron spectra and selection of the qualitative and
quantitative content of the composite filter in order
to receive the filtered neutron beam with given
parameters; 2) making of the filter’s assembly with
the components as soon as close to ones chosen by
calculations; 3) the experimental testing of the
created filter. So, optimization of the filtered neutron
beams is generally fulfilled by means calculations.
The Monte Carlo simulation or analytical approach
is used for this purpose. However, the filter‘s
component selection is impossible through
calculation, if the total neutron cross-section
information is unknown or inefficient for one of the
filter‘s component. Just that very case is observed in
the 275 keV filter.

Manganese is proposed to use as the main com-
ponent of the 275 keV filter. Possibility of the appli-
cation of this material is based on the analysis of the
experimental data, obtained at the KRR. The pres-
ence of resonance structure in the total neutron cross
section for manganese is presented up to the energy
100 - 125 keV in the all evaluated nuclear data
libraries (ENDLs). Above this energy, the cross
section is smooth.

The first step of the technical filter development
procedure (TFDP) cannot be used for the selection
of the filter components, if information about the
total neutron cross section for one of the supposed
components is absent in the interesting energy re-
gion. In this case, only the experiment can answer
this question. The calculation may be used as an
auxiliary procedure to select materials for remov-
ing/decreasing of the known additional (garbage)
lines.

The total neutron cross section for manganese has
about ten deep minima in the energy region from

1 to 100 keV. These minima are “windows” for the
neutron passing through the manganese and the reac-
tor neutron beam after the Mn filter shell have the
neutron lines at these minimum’s energies. To re-
move/decrease these lines, supplementary materials
having the strong resonances at these energies have
to be added to manganese. The calculations were
done for the several supplementary materials: Cu,
Co, Zn, S, V, *°Fe, and **Ni.

On the basis of these calculation results, the **Ni
nuclide was applicable for the supplementary mate-
rial. Five lines — 17, 26, 33, 76, 83 keV — were re-
moved, the intensity of the 56 keV line was de-
creased by 2.5 times. Copper and vanadium are also
sufficiently good supplementary materials. They
remove 2 - 3 lines and decrease the intensity of the
rest lines.

However, this conclusion may be erroneous, as
the accurate analysis of the calculation results is not
possible through two unknown facts: 1) We have no
information in the ENDLs about the deep minimum
in G for the Mn at the 275 keV energy, so it is not
be able to estimate the influence of the selected ma-
terials on the intensity of the 275 keV line. 2) We
have no information about existence of the addi-
tional (garbage) lines above 100 keV, so it is not be
able to estimate the influence of the selected materi-
als on their intensities.

The second and third steps, making of the filter’s
assembly and the experimental testing of the created
filter, are a little different from the TFDP. Only the
main components of the 275keV filter (°Mn —
257.7 g/em?, ''B — 0.28 g/em®, ''B — 0.0496 g/cm?)
were placed in the filter’s assembly, then it was put
in the first three shutter disks of the reactor horizon-
tal channel. The supplementary materials were in-
serted in the special device for sample changing. The
hydrogen proportional counter (CHM-38) was used
for the neutron spectra measurement.

Analysis of the neutron filtered beam spectra, ob-
tained by the differentiation of the instrumental
spectra of the proton recoil counter, shown, that the
best supplementary materials are vanadium and **Fe.

The first variant of the 275 keV neutron filter was
developed. It consists of the following materials:
“Mn - 257.7 glem’, B — 028 g/lem’, ''B —
0.0496 g/cm?, V - 20.7 g/em?, **Fe - 54.1 g/em’. The
intensity of the filtered neutron beam with the
energy 275 keV may reach 10* n/(cm” - ¢).
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DEVELOPMENT OF THE FILTER-7 CODE

0. O. Gritzay

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

The first step of the traditional filter development
procedure is to calculate the filtered neutron spectra
and select the qualitative and quantitative content of
the composite filter in order to receive the filtered
neutron beam with given parameters. The package
FILTER is used for these calculations in the Neutron
Physics Department (NPD). This package contains
special data libraries and computer code Filter. This
code was up-grated and the seventh version of the
Filter code (FILTER-7) is presented on the
UKRNDC'’s site http://ukrndc.kinr.kiev.ua/FILTER/
for work on PC under MSDOS (WINDOWS).

FILTER-7 is a code from the FILTER package,
developed for neutron spectrum shape calculations
after the composed filter and also for determination
of the neutron spectrum shape parameters of the
created quasi-mono-energy neutron line.

The code uses a simple expression for calculation
of the filtered neutron spectrum F(E):

F(E)=exp[-Y n, - 0,(E)] ®(E), (M

where n; — nuclear thickness of the i-th filter compo-
nent, 6{E) — total neutron cross section of the i-th
nuclide, ®(E) — the incident reactor neutron spec-
trum.

In addition, the function F4(E) is calculated to
take into account an efficiency of the used neutron
detector:

F,(E)=exp[-)_n,-0,(E)]-®(E)- 0, (E) . (2)

Here 6,.,(E) is an energy-dependent cross-section of
the reaction, which used for neutron detection.

Owing to this algorithm, the calculation time is
very short. The code allows simulation of the
combination of whatever materials and isotopes for
the filter, to get quasi-mono-energetic neutron
spectrum with necessary energy, intensity and
purity. The correctness of this approach was tested
comparing the results obtained in the exact
simulation of the experimental set-up using the
MCNP4C code.

The FILTER package consists of code Filter
(ver. 7) and a specialized library, which contains the
following information:

[IOPIUHUK - 2011

1. The files with the total neutron cross sections
for a set of materials in the point-wise format and
linear-linear interpolation low (3rd ENDF file
format). Total list of these files (see LIST CS) now
contains more than 100 units. These cross sections
were calculated using code packages PREPRO or
NJOY together with the most updated Libraries of
Evaluated Nuclear Data (LEND). Accuracy of
linearization procedure was taken as 0.1 %, the
temperature of materials as 300K. In necessary cases
this list may be added with new cross section files.
The names of files may be arbitrary (except the file
defined in point 2), but the length has to be equal or
less than 12 symbols, one of those is the point; the
last three symbols are the file extension.

2. File DENSITY.dat is the density of material
(in g/cm3). This file is used when the filter
component is specified in cm (length). In this case it
is necessary to take in mind that the names of the
input cross section files have to be just the same as
the names of elements in file DENSITY.dat. For
instance, if the name of material in DENSITY .dat is
3LI107, then the file name for Lithium-7 cross section
has to be the same, namely 3LI07.* (the file
extension is allowed). In other case, one may receive
the message about the absence of information:
DENSITY FOR (your element) IS ABSENT and the
code will be stopped.

3. File HE3_NP contains the energy dependent
cross section for reaction “He(n, p), calculated with
the use of JENDL-3.3 library. The accuracy of
linearization was 0.1 %, the temperature was taken
as 300 K. This file is used to take into account the
energy-dependent efficiency in the case, when He-3
counter is used for neutron registration.

4. File H1_NEL contains the energy dependent
cross section for reaction of neutron elastic
scattering at hydrogen calculated with the use of
JENDL-3.3 library. The accuracy of linearization
was 0.1 %, the temperature was taken as 300 K. This
file is used to take into account the energy-
dependent efficiency in the case, when proton recoil
counter is used for neutron registration.

Detailed manual, explanation of the input
parameters and an example of running of the
FILTER-7 code are presented on the site
http://ukrnde.kinr.kiev.ua/FIL TER-7.html.
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ABTOMATH30BAHA YCTAHOBKA JJIs1 JUCTAHIIMHOI TEPMETH3AILII
AMIIYJIbHUX JUKEPEJT BUITPOMIHIOBAHHA .
JJIsA ITIPOMUCJIOBOI JE®EKTOCKOIIII HA OCHOBI PAAIOI3OTOINY IPUAIN-192

I1. M. Bopona', C. B. ly6osennknii’, B. I Jlesuenko’, B. M. Illeens'

! Inemumym s0eprux oocnioocens HAH Ypainu, Kuis
? Hayxoso-6upobnuua gpipma “HABKO —TEX”, Kuis
S TOB “PAJIO®APM”, Kuis

PagioizoTonHi kepena i0HI3yIOUOTo BHUIIPOMi-
HtoBaHH# (/{IB) 3HaX0Th MIMPOKE 3aCTOCOBYBAaHHS
B HayIli, MeUITMHI, TEXHIIl Ta iHMHX chepax BUKO-
pHUCTaHHSL.

Ha nmocnigaumpekomy peaktopi BBP-M mpose-
JIIEHO THKJI JOCTiIKeHh HEUTPOHHHX TIepepisiB
YTBOPEHHS PAaioakKTUBHUX sjep [1], mo MOXyTh
OyTH BHKODHUCTaHi SIK Y-BHIIPOMiHIOBaui AJISl CTBO-
peHHs Ha ixHil ocHOBI J{IB mns pisaux cdep BUKO-
pucranns. Cepen uux ' 2Ir (T, = 74,02 rox), mepc-
MEKTUBHUK PaAioi3oTon Ui 3aJ0BOJICHHS MOTPeO
MIPOMUCIIOBOI  e(heKTOCKOMmii Ta MeTUIMHA (IJIs
Opaxiteparii) [2].

[Ipomucnosa aedekrockomis noTpedye, 30KpeMa,
notykHux J(IB, aKTHBHICTh SIKMX JIEKUTHh Y MEXax
(3 - 9) Tbk. CyTTeBor0 MPoOIEMOI0 TIPH CTBOPEHHI
takux J[IB € 3abe3nedyeHHs HamidHOI 13015111 pa-
Ji0aKTHBHOI peuyoBHHU (PoO0u0i YacTHHHU) JpKepena
BiJl KOHTaKTy 3 JOBKULISAM, 3amoOiraHHs ii posro-
POLICHHIO B HABKOJIUIIIHBOMY CEPEAOBUILI IPOTATOM
YCBOT'0 4acy eKcIUTyaTawii. 3 [i€l0 METOI0 CTBOPEHO
aBTOMAaTU30BaHy YCTaHOBKY IJISl TepMeTu3alii am-
ITyJT 3 PaliOaKTUBHOIO PEYOBHUHOIO. TeXHIUHI Xapak-
TEPUCTUKH YCTAHOBKHM 30PI€HTOBAHI Ha JIMCTAHIIIHE
3aBaprOBaHHsA KpHUIIOK ammys Tunosux [IB s
MpoMUCIOBUX jaedexrockoniB “I'aMmapun’: TOHKO-
CTIHHI aMITyJId 3 HEp)KaBilo4yoi CTaji JiaMeTpom 5 -
6 MM Ta BUCOTOIO 6 - 7 MM.

B ycranoBmi BukopuctoByeTbes TexHonoris TII-
3BaproBaHHA (TIG — Tungsten Inert Gas) — mgyrose
CJIEKTPO3BapIOBaHHs HEIUIABKMM  BOJIb(PAMOBHM
CJIEKTPOIOM B atMoc(epi 3aXHCHOrO ra3y aproy.
JucTanriitne KepyBaHHSI BUKOHABUMMH MEXaHi3Ma-
MH yCTaHOBKH, 3MOHTOBAaHUMH B Tapsgyux KaMmepax
peakTopa (PHCYHOK), 3IIMCHIOETBCS 32 JOIMOMOTOIO
cnenianbHOi MHEBMOcHCTeMU. BUkoHaHHS 3BapioBa-
JBHUAX OTEpaIii 3MIHCHIOETECS B TaKil TOCIiOBHO-
CTi: MOHTaX amIlyJid 3 palioaKTUBHOIO PEUYOBHHOIO
Ha TIOBOPOTHIH TUIaHMIAaK01, OIMyCKaHHs MaJbHUKA B
[I0YaTOK IIBa, 3alaJIOBAHHA IOYI'W NPH HEPYXOMii
amIryJii, oOepTaHHS aMITyJId 31 3BapOBAJILHOIO IIIBH-
JKICTIO, TIEPEKPUTTS 3BapIOBAaJILHOTO IIBA, 3aBaplo-
BaHHs KpaTepa, MiJHITTS HajJbHUKA Ta IOBEPHEHHS
IUIaHIaion obepraya aMmITyld y BUXITHHH CTaH.
VYcraHoBKa 3a0e3nedye nporpaMHe KepyBaHHS BCiMa
MeXaHi3MaMH{ Ta IPUCTPOSMH, a TAKOX TiarHOCTHKY
iXHBOTO CTaHy Bi KOHTpoOJIEpa.

By30:1 BUKOHABUMX MeXaHi3MiB aBTOMAaTH30BaHOI ycra-
HOBKH JUIsl 3aBapIOBaHHs aMIIyJ 3 PafiOaKTHBHOIO PEH0-
BUHOIO, 3MOHTOBaHMH y rapsiiiii Kamepi peakTopa.

Crin 3ayBaKWTH, IO CTBOPEHA YCTAaHOBKA € 0Oa-
30BOI0 B TEXHOJIOTIYHOMY LHWKII 10 BHUPOOHUIITBY
JIB na nocnimanubkomy peaktopi BBP-M [1]. Bo-
Ha MOX€ BUKOPHCTOBYBAaTHUChH HE JIMIIE JUI 3aBaplo-
BaHHS KPHUIIOK TOHKOCTiHHHX ammyn /[IB Ha ocHOBI
panioizoTomy "Ir, ane i mns aBTomarmunoro TIT-
3BApPIOBAHHS KUIBIICBUX IIBIB OYIb-SIKUX BHPOOIB i3
HHU3BKOBYIJICLIEBUX, JIETOBAHUX Ta KOHCTPYKIIMHUX
CTajeu.

PoGora miarpumana YHTLL, npoext Ne Uz-25.

1. TL.M. BopoHna, y “40 pokieé neiumpOoHHUX OOCHIOHCEHD
na peaxmopi BBP-M” (Kuis, 2000), c. 48.

2. V.P. Vertebnyi, P.N. Vorona, A.l Kaltchenko, and
V.G. Krivenko, in Nuclear Cross Sections Techno-
logy: Proc. of the Int. Conf., Knoxville, TN, October
22 - 26, 1979 (Washington, 1980), p. 881.
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POBOYA BIBJIOTEKA HEMTPOHHUX JAHMX
I AJEPHO-KOHCTAHTHOI'O 3ABE3IIEYEHHS PO3PAXYHKIB
HAKOIIMYEHHSA PAJIOI3OTOIIB Y JOCIIJHUIBKOMY PEAKTOPI

II. M. Bopona, O. O. I'punaii, O. I. Kanbuenko, H. A. KiimoBa

Incmumym adepuux docnioscens HAH Yrpainu, Kuig

Ha nocnigaunskomy peakropi BBP-M npotsirom
TPUBAJIOTO Yacy MPOBOIATHCSA POOOTH 3 BUMIPIOBaH-
HSl HSUTPOHHMX TIEePepi3iB aTOMHUX SAEP, BAKINBUX
HE JIIe A siAepHoi Qi3uky, ane W i IpuKiIaj-
HuX 3actocyBaHb [l]. IlpuknagHi 3acTocyBaHHS
BKITIOYAIOTh, 30KpeMa, BUPOOHUIITBO Pai0i30TOMHOI
npomyKiii miss motped mpaktuku [2]. Jana pobota
BKITIOYA€ pe3ynbTaTH (POpMYyBaHHS MPOTPaMH BUPO-
OHMIITBA PAJiOI30TOMHOI TPOMYKIlii, BUXOIIYH 3
HEUTPOHHUX TOTOKIB y peakTopi [3], a Takox ¢op-
MyBaHHSI poOodoi 06i0NioTeKH HEHUTPOHHUX JaHUX
IUIsl SIAEPHO-KOHCTAaHTHOTO 3a0e3MevyeHHs] po3paxy-
HKiB HAKOITUYEHHS 130TOIIB Y PeakTopi.

IMporpama noTeHUiliHOr0O BUPOOHMITBA Pasio-
i30TOMHOT MponyKuUii chopMoBaHa, MmepLI 3a Bce, Ha
OCHOBI aHamizy moTped YkpaiHM B pafioi30TOMHIN
TIPOIYKIIii IS pi3HUX cdep ii BUKOPUCTAHHS — HAYKH,
MEJIMIUHH, TPOMUCIOBOCTI Ta IHIIMX TNPHKIIAJHAX
3acTocyBaHb. J{o copmMoBaHOi porpamMu BUPOOHHII-
TBa BKJTIOYCHO HACTYTIHI ITIJTHOBI Pa1i0130TOTIH:

2p_ Slcy, e, YFe, “Co, "Se, ®Sr, ®Sr,

QOSI', 9OY, 99M0 / 99mTC, 103Ru, 1 lOmAg, 109Cd,
117mSn, 131Te / 131L 134CS, 141C€, 143PI’, 147Nd,
151Sm’ 153Sm, 152Eu, 154Eu, 155Eu, 153Gd’ 160Tb,
169Yb 177211, 182Ta, 183Ta, 181W, ISSW, 187W,

ISSW} 13Re, Re, ¥Re, Ir, "Au, “Hg.

BusHauanbHUMH BeNMYMHAMH JJISI OLIHKH MOJX-
JINBOCTEN IOCATHEHHS 3aJaHOi aKTHBHOCTI IIJIbO-
BOTO pafioi3oromy (SIK 3arajbHOi, TaKk i MATOMO),
KpIM ITOTOKiB HEMUTPOHIB Y PEaKTOpi Ta IXHBOTO CIie-
KTPaJIbHOTO CKJIa[Ty, € TAKOX BEJIMYMHN HEUTPOHHUX
nepepisiB 3axBaTy aTOMHUX SIEP.

Poboua 6idmioTeka HEHTPOHHWX AAHUX Mic-
TUTh AaHi it 30 XiMIYHUX eJIeMEHTIB, palioaKTHBHI
130TONH SIKHX BKJIFOYEHO JI0 MPOrpaMH BUPOOHUIITBA.
[Ipugomy 1o 6ibmioTekW BKIIOYEHO NaHi HE JHUIIe
JUTSL CTAPTOBUX CTAOITBLHUX Ta MUTHOBUX PaliOaKTH-
BHUX 130TOIB, alie W AJIS BCIX CYMyTHIX (ZOMIIIKO-
BHUX) 130TOMIB, II0 MOKYTh OYTH MPHUCYTHI B CTapTO-
BOMY MarTepiaji, a TakoX OyIyTh HaKOIIHMYYBATHCS
npu onpomineHHi Mimeneil. ChopmoBana 6ibmioTe-
Ka MICTUTH (ailfii AaHUX Yy Pi3HUX KOMIT FOTEPHUX
(opMaTax, a TakoXk YMCIIOBI JaHi, TIPEJCTaBIEHI B
Ta0JIMYHOMY BUTJTISII.

Daivinu 6 ENDF-gopmami BiniOpaHo B pe3yJibTa-
Ti aHamizy octanHix Bepcii ENDF-Gibmiorek 3ara-
aeHOTO mpm3HadenHs: ENDF/B-VII, JEFF-3.1,
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JENDL-3.3, BROND-2.2, CENDL-2. Jlns monams-
IIMX PO3paxyHKiB BimiOpaHo 2 3 5 06i0mioTek:
JENDL-3.3 (Smonis) ta JEF3.1 (€Bpomna). Y 6i6:io-
tekax BROND ta CENDL omigku mist OUIBIIOCTI
noTpibHux izoromis BiacyTHi. JJIg aeskux 130ToO-
TiB OyJI0 BUKOPHCTAHO HEMTPOHHI JaHi 3 6i6mioTekn
ENDEF/B-VII, onoBiieHa Bepcis SKOI 3’SIBHJIACH ITiJT
yac BUKOHaHHsS poOortu. [Ipu BimcyTHOCTI HaHWX y
TPHOX Ha3BaHMX 0i0Ii0TEKaX y ACKITHLKOX BHITAIKaX
BUKOpHUcTaHO 0ibmioreky BROND-2. 3aranom Bii-
Opano 154 ¢aiinu i30TOITIB Ta XIMIYHUX €TIEMEHTIB Y
dopmari ENDF, saxi 3amrcaHo Ha OKpeMHU KOM-
MaKT-JUCK Y TMEPBUHHOMY BUIIISAII, ISl TIOAAIBINOT
pobotu 3 (hatinamMy BUOpaHUX i30TOIIIB.

Daiinu 6 ACE-gpopmami He0OXimHI s po3paxy-
HKIB HAKOIMYEHHs PaJlioi30TOIIB B PEAKTOpi MpH
BUKOPHUCTAHHI ISl ILOTO MOKIIMBOCTEH KOMIT I0TEp-
Horo kogy MCNP [4]. Ha xanb, HaBiTh y HafOLIbII
moBHIN Oi0mioreni octaHHBOI Bepcii kogy MCNP-5
MPEJICTABJICHO HE BCI MOTPiOHI i30TONMU abo X OIli-
HEeHI HEeWTPOHHI JaHi, 10 BHKOPUCTaHI U1 OTpH-
MauHs (aitry B ACE dopmari, € 3actapimumu. Bu-
XOJITYM 3 TIEPIIOYEeProBux morped, Oyno chopmoBa-
Ho HOBi (aiiin B ACE dopmati: ans i3oToniB Modi-
oaeny Mo, tantamy ""'**Ta, Bomsdpamy
ISLISSISLIS6N  pepiny B518Re 1a ipumiio OIL,
Kpim toro, B ACE ¢dopmari chopmoBano ¢aitnu mis
i3oTomis repmaniro 77+ 6Ge.

YucioBi maHi, HaBeaeHl B TaOJUILX, MICTITH
BEJIMYMHU TETUIOBHX IEepepi3iB, pe30HAHCHUX iHTET-
paniB Ta crmekTpainbHHUX (akTopiB Bectkorra. J{ns
MIATBEPDKEHHS JTOCTOBIPHOCTI BEJIHMYHH, pPO3paxo-
BaHUX 13 (ailJliB OLIIHEHUX JaHUX, HABOJATHCS Ta-
KOXK €KCIIEpUMEHTANIbHI BEIMYMHH, Y34Ti 3 OCTaHHIX
KOMITUIATIIH [5].

Po6ota migrpumana YHTLI, npoext Ne Uz-25.

1. TI.M. Bopona, O.O.TI'punaii, O.l. Kampuenko Ta
B.B. Konotutit, y “40 pokie neiimpoHuux 0ocnioxcets
na peaxmopi BBP-M” (Kuis, 2000), c. 20.
I1.M. Bopona, mam orce, c. 48.
. IILM. Bopona ta B.®D. Pa30yze#i, SInepna ¢izuxa Ta
eHepreruka 11, Ne 1, 57 (2010).
4. TL.M. Bopona ta B.®. Pa3z0yneii, Slnepna disuxa ta
enepreruka 12, Ne3, 235 (2011).
. S.F. Mughabhab, Atlas of Neutron Resonanses, Fifth
Edition, NNDC, USA, 2006.
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ELECTROSTATIC TRAPS FOR CHARGE CARRIERS AND EXCITONS
IN DOUBLE QUANTUM WELLS IN THE PRESENCE OF DISK-SHAPE ELECTRODE

A. A. Chernyuk’, V. L. Sugakov', V. V. Tomylko®

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

Last years, in connection with intense search of
the exciton condensation, significant achievements
have been made in experimental study of semicon-
ductor systems with double quantum wells, in which
the exciton lifetime is long. To reach large concentra-
tions of excitons, the systems with electrostatic traps
are created; in which excitons are accumulated [1].

In the present paper, an idea of creation of traps
for excitons in double quantum wells, which are
located close to the border of one electrode, is con-
sidered (Fig. 1). As it is known, near the border of
the electrode, which is under the potential, the sur-
face charge storage occurs [2]

3(p) = e/(4xR>/(1 - p*/RH"?, (1)

where e is the disk charge and R is the disk radius
[2]. This distribution causes a potential trap for the

exciton. Such traps appeared during the calculation
the aperture in the electrode [3] and near the slot in
the electrode [4]. The redshift of the emission was
observed [5] in case of the presence of the window
in the electrode.

In consequence of charge redistribution on the
electrode (1), the radial profile of the exciton poten-
tial energy has a minimum near the disk edge. The
calculations for some parameters are shown in Fig. 2.
Thus, the largest accumulation of excitons is ex-
pected to be in the circle trap along the disk perime-
ter. The depth of the trap is sufficient for exciton
localization at low temperatures. The trap deepens
with shortening the disk radius R and with reducing
the distance d between the quantum wells and the
electrode.

R=20um, d=0.2um
! == ==R=10pum, d=0.1um
e R=30pm, d=0.3um
R=20um, d=0_08}1m'

0,0+
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disk R upper electrode " - 1 0_'
o1

-1,54

uantum well plane T

q P 204

EO 254+
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-3,0

0

5 10 15 20 25 30 35 40
£, Hm

Fig. 1. The scheme of the system, in which  Fig. 2. Radial dependence of the exciton potential energy on the disk radius

one electrode is disk-like.

The potentials of the charge carriers (electrons
and holes) are monotonous along the radial coordi-
nate. Thus, in semiconductors with double quantum
wells, traps capture excitons only, which have the
dipole moment. The effect of other particles influ-
ence on these traps is absent, and it is convenient for
investigation the systems with large concentrations
of excitons.

Study of systems with traps is important for in-
vestigation interaction in multi-exciton systems and
for optoelectronics development.

R and on the distance d between the quantum wells ad the electrode

1. A.T. Hammack, M. Griswold, L.V. Butov et al., Phys.
Rev. Lett. 96, 227402 (2006); Z. Voros, D.W. Snoke,
L. Pfeiffer et al., Phys. Rev. Lett. 97, 016803 (2006);
G.J. Schinner, E. Schubert, M.P. Stallhofer et al., Phys.
Rev. B 83, 165308 (2011).

2. L.D. Landau and E.M. Lifshitz, Course of theoretical
physics, (Oxford, 1984), Vol. 8, p. 44.

3. V.L Sugakov and A.A. Chernyuk, JETP Lett. 85, 570
(2007); V.I. Sugakov, Phys. Rev. B 76, 115303
(2007).

4. V.1 Sugakov, J. Phys.: Condens. Matter 21, 275803
(2009).

5. V.B. Timofeev, A.V. Gorbunov, and A.V. Larionov,
J. Phys.: Condens. Matter 19, 295209 (2007).
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SOLID STATE DIODE - IONISATION CHAMBER METHOD
FOR MEASURING OUT-OF-FIELD DOSE IN PROTON THERAPY

I. E. Anokhin', O. S.Zinets', A.B. Rosenfeld’, A. Ziebell®

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
? Centre for Medical Radiation Physics, University of Wollongong, Wollongong, Australia

In proton therapy neutrons are introduced to re-
gions inside the patient as a result of (p, n) nuclear
reaction. The purpose of this study was to investigate
a novel approach to (experimentally) measuring the
absorbed dose from neutrons, separately to the ab-
sorbed dose from primary protons, in out-of-field
regions of proton therapy beam. Operated in forward
voltage mode specially designed silicon PIN diodes
are sensitive to the radiation damage in silicon caused
by neutrons and protons and insensitive to gamma.
By pairing the diodes with a standard clinical ioniza-
tion chamber that measures the total absorbed dose
the absolute neutron and absolute proton dose can be
obtained separately from the responses of each.

As convenient proton sensor can be used a silicon
PIN diode, particularly, planar structures studied
previously [1] for neutron-gamma radiation fields.

The relationships describing the response of the
diode and the ionization chamber in mixed proton-
neutron fields are:

AVp=aD,+ pD,, @)
D[C = Dp + Dm (2)

where a and g are the sensitivities of the diode to
proton and neutron radiation damage per unit dose in
tissue respectively, D,cis a tissue equivalent dose as
measured by the ionization chamber, and D, and D,
are the absolute neutron and proton doses respec-
tively. Here D;c neglects gamma dose, this has been
found to be negligible in out-of-field regions in pas-
sively delivered prostate treatments [2].

Solving Egs. (1) and (2) provides analytical ex-
pressions for the separate neutron and proton doses,
D, and D, in terms of AV, a, B, Dic. A Monte Carlo
GEANT4 analysis of o along a 190 MeV pristine
Bragg peak (a typical energy used for prostate
treatments) found a to be constant within 10 %
along the plateau region. Experimental determina-
tion of a can be obtained by calibration of the PIN
diode at different depths in a phantom along the
central axis of the Bragg peak. Along this central
axis the contribution of neutrons to the field is negli-
gible.

Figure shows the result of simulation of the par-
tial contribution of protons and neutrons to the total
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dose in Lucite phantom using GEANT4 package and
comparison with experimental data [3, 4].

Contribution to absorbed dose from Particle Types
1 T T T T

099" o
08f \! AT g |

0.7F

06 ---+ -~ GEANT4 protons H
— #— -GEANT4 neutrons
——— GEANT4 photons M
—H&— Experiment protons

—&— Experiment neutrons ||

05F

04}

03

Contribution to absorbed dose

02}

0.1F

0 1 1
30 40 50 60 70

Distance from field edge (cm)

The partial contribution to the absorbed dose to Lucite
from protons and neutrons as obtained through the simu-
lated GEANT4 study and as experimentally derived using
equations (1) and (2)

The small size of the diodes makes them suitable
for measurements close to the field edge, and in vivo
in confined body cavities. Since the diode is at least
10 times more sensitive to neutrons than protons, the
response of the diode alone can be used to quickly
approximate the absorbed dose deposited by neu-
trons at lateral distances of more than 15 - 20 cm
from the field edge, possibly close to a critical organ
of interest.

Obtained results can be used for separate deter-
mination of the neutron and proton out of field doses
in experiments on proton beams for radiation ther-

apy [5].

1. LE. Anokhin, O.S. Zinets, A.B. Rosenfeld et al., Nucl.
Phys. At. Energy 1(19), 103 (2007).

2. B.Clasie, A. Wroe, H. Kooy et al., Med. Phys. 34(9),
3449 (2007).

3. A.Ziebell et al., in Solid State Dosimetry Conference
2010, SDS-16, p. 106.

4. Al Ziebell, B. Classie, A. Wroe et al., Radiation
Measurement 46(12), 1638 (2011).

5. LE. Anokhin, O.S. Zinets, A.B Rosenfeld et al., IEEE
Tran. on Nucl. Sc. NS-56 (4), 2290 (2009).
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ELECTRIC FIELD DEPENDENCE OF CHARGE-CARRIER HOPPING TRANSPORT
AT LARGE CARRIER CONCENTRATIONS IN DISORDERED SOLIDS:
MEYER - NELDEL AND GILL ENERGIES

I. I. Fishchuk,' A. K. Kadashchuk,”> Mujeeb Ullah®, H. Sitter,” N. S. Sariciftci’, H. Bissler’

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
? Institute of Physics, National Academy of Sciences of Ukraine, Kyiv
7 Institute of Semiconductor & Solid State Physics, Johannes Kepler University of Linz, Austria
* Linz Institute of Organic Solar Cells, Physical Chemistry, Johannes Kepler University of Linz, Austria
? Universitdt Bayreuth, Lehrstuhl Experimentalphysik II, Bayreuth, Germany

Effective medium approach [1] has been ex-
tended to describe the temperature dependent hop-
ping charge-carrier mobility at arbitrary electric
fields in the large carrier density transport regime.
Our calculations are based on the average hopping
transition time approach, generalized for the large
carrier concentration limit and finite fields, and tak-
ing into account also spatial energy correlations in
organic materials with Gaussian disorder. The calcu-
lated electric field dependences of the hopping mo-
bility at large carrier concentrations are in good
agreement with previous computer simulations data
[2, 3]. The theory is applied to describe recent ex-
perimental measurements of the electron transport
properties in a Cg-based OFET for different lateral
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electric fields F; and a puzzling observation of a

significant lateral-field-dependent OFET mobility in
the range of very low source-drain fields
(~10° V/em). To rationalize quantitatively the latter
observation a concept of strong local electric fields
in certain regions of the transistor channel is pro-
posed. Since this model is not limited to zero-field
mobility, it allows a more accurate evaluation of
important material parameters from experimental
data measured at a given electric field. The shifts of
the Meyer - Neldel energy E,,, upon applied lateral

electric field F,¢ and the Gill energy E, upon gate
voltage V. in an OFET (Figure) are shown to be a
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Theoretically and experimentally determined (a) MN-energy E,, versus the applied electric field F)

and () Gill-energy E, as a function of used gate voltage V.

consequence of the spatial energy correlation effects
in the organic semiconductor film. We showed that
both the Meyer - Neldel and Gill energies can be
used for estimating the width of the Gaussian den-
sity-of-states distribution.
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EFFECT OF METAL NANOPARTICLES ON ENERGY SPECTRUM
AND OPTICAL PROPERTIES OF PERIFERAL LIGHT-HARVESTING LH2 COMPLEXES
FROM PHOTOSYNTHETIC BACTERIA

I. Yu. Golineyl, V.L Sugakovl, L. Valkunas’, G.V. Vertsimakha'

! Institute for Nuclear Research, National Academy of Science of Ukraine, Kyiv
? Center for Physical Sciences and Technology, Vilnius, Lithuania
? Department of Theoretical Physics, Vilnius University, Vilnius, Lithuania

Unique optical properties of localized surface plas-
mons are recently of considerable interest due to poten-
tial applications in constructing biosensors or optical
data storage devices using the surface-enhanced Ra-
man scattering, surface enhanced photoluminescence
and other phenomena related to the enhancement of the
probability of electronic transitions.

The purpose of this paper [1] is to consider the
effect a metal particle or a nanoshell may have on
the photosynthetic light-harvesting pigment-protein
complexes, namely, on the B850 band of the periph-
eral light-harvesting complexes (LH2) from photo-
synthetic bacteria. The model of the B850 ring from
the LH2 complex was considsered as a system con-
sisting of N dipoles, arranged in a ring on a plane.

It was shown that the mixing of exciton and sur-
face plasmon states may significantly change proper-
ties of the system composed of a metal nanoparticle
and a molecular aggregate. The free electrons of the
metal may contribute to the absorption of the light by
organic molecules by increasing the total dipole mo-
ment of the hybrid transitions of the system. The ef-
fect is more pronounced if the energy of the surface
plasmon is close to the energy of the exciton band. In
order to reach the resonance between molecular levels
and surface plasmons we have considered the
nanoparticle with a dielectric inclusion inside
(nanoshell). The calculations were performed for
spherical nanoshells with silver coating.

The calculations demonstrate that the enhance-
ment of the absorption grows with increasing the
size of the nanoparticle, approaching the nanoparti-
cle to the molecular complex and for the nanoshells
containing a material with low dielectric constant
inside. We present results of our calculations as the
squared value of the ratio of transition dipole mo-
ment of the hybrid state and the transition dipole
moment for the ring. The enhancement of the ab-
sorption may reach an order of magnitude (Figure).

The enhancement of the absorption rate due to
the hybridization of the molecular excitations with
the surface plasmons competes with the enhance-
ment of the exciton damping induced by a metal
particle.
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Enhancement of the absorption (a) as a function of
the core radius for the nanoparticle with R=10 nm,
L= 1.5 nm (solid curve) and 2.5 nm (dashed curve) and
the linewidth (b) for the same values of parameters.

The effectiveness of the light-harvesting by the
ring is determined by the rate of the excitation trans-
fer to the reaction center. Estimates of the kinetics of
the exciton transfer to the molecular entities further
in the photosynthetic antenna show that the process
of the light harvesting may either gain or lose from
the effect of a metal nanoparticle. The parameters of
the nanoparticles and nanoshells required to ensure
the gain have been estimated.

1. LYu. Goliney, V.I. Sugakov, and G.V. Vertsimakha,
in Book of Abstract of the 12 Int. Conf. “Electronic
and Related Properties of Organic Systems”, Lithua-
nia, Vilnius, July 11 - 13 2011 (Vilnius, 2011), p. 29.
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KNOCKING OUT THE ELECTRONS FROM METAL FOILS BY IONS

A. Ya. Dzyublik, V. Yu. Spivak

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

Lately the metal micro-strip detectors are widely
used at different accelerators for monitoring of
bunches of charged particles [1]. Such detectors are
formed by parallel set of thin metal foils, separated
by empty gaps. Incident ions knock out the electrons
from these metal foils, which then are pooled away
from gaps by applied electric field. The positive
charge, remaining on the films, gives rise to weak
current, which afterwards is amplified and detected.

In order to estimate the effectiveness of such de-
tectors we calculated the number of conductivity
electrons ejected from metal film by ions transmit-
ting through the film in the plane-wave Born ap-
proximation. It has been done in analogy with our
analyses [2, 3] of the shake-off process of conductiv-
ity electrons, provided by abrupt alteration of the
nuclear charge following its decay. The Coulomb
interaction between the ion and electrons is taken as
a screened potential Vi(r) = (-Ze*/r)exp(-t/r) +
+ (-AZe*/r)exp(-t/r’y), where r, and 1’ are the
lengths of screening due to inner atomic electrons
and conductivity electrons respectively, Z’ =Z - AZ,
while Ze is the charge of the nucleus of incident ion
and AZe is a charge of the whole ion. The screening
length r; is identified with the characteristic radius
of the atom aZ'?, where a is the Bohr radius of the
atom, and r’; is calculated with the aid of the Debye
- Hikkel formula. Note that ry >>r’,.

The conductivity electrons are treated as an ideal
gas, confined in the rectangular potential well,
whose depth Uy= Er+ A, where Eris the Fermi en-
ergy, A is the work function. The distribution of
electrons over the levels is determined by the Fermi
statistics. The ions are assumed to be incident per-
pendicularly to the film and neglect their collisions
with the nuclei of the target, which lead to large

deviations of ions from direct trajectory. Well
known expression, calculated in the Born approxi-
mation, for the elastic scattering amplitude of ions
by the conductivity electrons is used. In calculations
we take into account evident condition that the elec-
tron mass m is much less than the ion mass M.

The conductivity electron, having initially the
wave vector K, after collision attributes the wave
vector K’ inside the crystal. This final electron wave
can appear in any point of the crystal. While moving
to the surface it suffers collisions with vibrating
atoms of the crystal and exponentially attenuates.
We used our result for the electron free path length
in the crystal ensured by collisions of the electron
with the vibrating atoms [3, 4]. Besides, the refrac-
tion of the electron wave at the exit crystal surface
was taken into consideration.

The cross section for the electron emission from
the crystal, averaged over the levels of the conduc-
tivity band, is expressed as an triple integral. The
formula is also derived for the number of ejected
electrons from the metal film, caused by one trans-
mitting ion as a function of the ion energy. Numeri-
cal calculations are performed by this formula,
which allow estimating the efficiency of the metal-
strip detectors. The dependence of the detector effi-
ciency on the ion charge AZe is also analyzed.

1. V. Pugatch ef al., Nucl. Instr. and Meth. A581, 534
(2007).

2. V. Pugatch et al., Nucl. Instr. and Meth. A650, 194
(2011).

3. A.Ya.Dzyublik and V.Yu. Spivak, Ukr. J. Phys. 53,
120 (2008).

4. A.Ya. Dzyublik and V.Yu. Spivak, Ukr. J. Phys. 55,
428 (2010).

SEEBECK'S EFFECT IN p-SiGe WHISKER SAMPLES

A.P. Dolgolenkol, AL A Druzhininz, A. Ya. Karpenkol,
S. I. Nichkalo?, 1. P. Ostrovsky? P.G. Litovchenko', A. P. Litovchenko'

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
? National University “Lvivska Politechknika, Lviv

p-SiGe whisker samples with a diameter of
~ 40 um, grown by chemical precipitation from the
vapor phase, were investigated. Temperature de-
pendences of thermal emf and conductivity in tem-
perature interval of 20 + 400 K are measured. It is

shown that the mobility of holes in p-SiGe whiskers
upon the average is 1.5 times higher than in the mas-
sive p- Si samples. p-SiGe whiskers possess smaller
phonon scattering and larger phonon dragging in
comparison with massive p-Si samples.
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IOPEKTBI CAMOOPI'AHU3ALINU PAJUALIMOHHBIX JE®EKTOB B KPEMHHUMU,
OBJIYYEHHOM BBICOKO3HEPI'ETUYECKUMMU JIETKUMHA MOHAMMU

B. . Bapuuna, A. A. I'po3a, IL I'. JlutoBuenko, JI. C. Mapuenko, M. U. Ctapuuk, I'. I'. lllmaTko

Hucmumym soepruix uccreoosanuii HAH Yxpaunol, Kueg

UccnenoBanich MOHOKPUCTAJUIBI KpEeMHHS, 00-
Jy4YeHHble mpoToHamMu c BsHeprued E = 6,8 MaB
(@=1+3-10" cm?), u anbda-yacTHIAME C dHEp-
rueit E=27,2 MaB, (®=1-10" cm?).

C ucnonp3oBaHueM cnekTpomeTpa Dypbe ucciue-
moBaHbl criekTpel MK-mormomenns o0aydeHHOTO
KPEMHHUSI, BBIPAIIEHHOTO METOA0M YO0XpanbCKoro
(Si-Cz) u 30nHO# mnaBku (Si-FZ). Beisinena Hemo-
HOTOHHAs 3aBUCHMOCTH OT (pIIFO€HCa MPOTOHOB CTe-
[IEHU Pa3ymopsI0uYeHUs] MOHOKPHUCTAIUIOB, 00pa3o-
BaHWS JTUBaKaHCUH M IICHTPOB, B COCTaB KOTOPBIX
BXOJIUT BOJIOPO/I, IOKAIM30BaHHBIA Ha Pa30pPBaHHBIX
CBSI3SX paAMalMoOHHEIX AedektoB. Ha puc. 1 mpuse-
neHbl auddepeHnranbHble CIIeKTPhl B 001acTH 1O0-
[JIOLIEHUST JIOKAIBHBIMU Ae(OopMallMOHHBIMU KOJIe-
Oannsamu Si-H 1mieHTpOoB: B KpeMHHH, 0OIydYeHHOM
nporonamu ¢mroercom 1,9 - 10" e (xpusas 2).
Ipu yBenuueHnn diroerca mpotoHos 10 3 -10'7 cv™
B UK-cnekTpax kpemuus (kpuBas /) He 0OHapyk H-
BaJloch oOpa3zoBaHus Si-H 1eHTpOB W NpHU3HAKOB
pasymnopsiioueHus MOHOKpUCTaioB (mosmocsl TO
npu 477 cM ' — monepeuHslil onTHYECKHH GOHOH) —
«©ddextr Oompmmx m03»? B cmekTpax KpemHUS,
00JIy4eHHOTO anb(a-4acTUIIaMU BO BCeH HCCIeNo-
BAaHHOM CIeKTpanbHOil obmactu (400 = 5000 cm™)
JIOTIOJTHUTEIIEHOTO TIOTJIOMICHHUS, CBA3aHHOTO C 00-
JTy9eHHEeM, He HabIt01aI0Ch.

MertannorpadpuuecKUMH UCCIEIOBAHUSIME B TIPO-
OexxHOW Ans anb(a-9acTUI] 4yacTH KpeMHHsS OOHa-
py’keHO 00paszoBaHue NeHEKTHOU CTPYKTYPHI B BHIIE
«CTEHOK Je(eKTOB», MEPIEHIUKYISPHBIX Harpas-
JICHUIO NIBMOKEHUsI MOHHOTO Myuka. Puc. 2 moxasmbl-
BaeT pacmpesenenne Ae(eKToB BIOJIb HalpaBICHUS
o0nydyenus. CTpyKTypa KpeMHHUS B 3ampoOeHOMN
IS anb(a-yacTul U HeOOMyYeHHOW YacTH KpHCTall-
J1a He OTIMYaNach.

O6nHapyxeHHbIe 3PPEKTH MOTYT OBITH OOBICHE-
HBl B paMKax CHHEPreTHYEecKOTo IOAXO0Ja Kak pe-
3yJbTaT CaMOOpPTaHU3AIlMH COOCTBEHHBIX pPauallvi-
OHHBIX JIe()eKTOB, CIEACTBHEM KOTOPOTO SBHUIIOCH
oOpa3oBaHue B JAC(PEKTHON MOJCHCTEME KpHCTaslia
«CBEPXpELICTKN» B BHJE «CTEHOK Ae(EKTOB» pac-
MIOJIOKEHHBIX ~ TMEPIeHIUKYISIPHO  HAIPaBICHUIO
obiyuenus [1]. B Hammx ycioBusix oOiydeHHs co-
JUTOHOMOAOOHBIH  MEXaHM3M  PaclpOCTPaHEHUs

[IOPIUHUK - 2011

paJiMalluOHHOTO BO3ACWUCTBUS SBIISICTCS Haubolee
BEPOSITHBIM [2].

Si-O-Si
25 -

2L
1,5 |
1

0,5

N
1000 1200

0

KO3QMUMEHT nornoLleHns (1/cm)

600 800

4
-0,5

BOMHOBOE ymncno (1/cm)
Puc. 1. 3aBucmmocth Kod(pdHIMEHTa IOTIOMCHUS OT
BOJIHOBOTrO umcia it kpemuust (I - Si-Gz; 2 - Si-FZ),
obmygenHoro npotoHamu (E = 6,8 MaB) no cpaBHeHHIO €
HeoOny4yeHHbM Si-FZ; xpussie /, 2 — nust QuiroeHcoB 00-
nyuerns 3 - 107 em?u 1,9 - 10" eM 2, cooTBeTCTBEHHO.
Kpl/IB])Ie CABHUHYTBI IO OCHU OPAWHAT JJIs1 HArJIAAHOCTH.

Puc. 2. KaptrHa n36upatenpHOTO TpaBleHUS KPEMHHS,
00Jy4eHHOTO anb(ha-9acTHIIAMU.

1. B.W. Bapauna, A.A. I'poza, ILT". JIutoBuernko u op.,
B B3zaumooeiicmsue uznyueHuil ¢ meepoviM MenioM:
Mamepuaner 9-1t Meowcoynap. kong., Munck, 20 - 22
cenm. 2011 (Munck, U3a-so BI'Y, 2011), c. 110.

2. A.A.Groza, P.G. Litovchenko, M.I. Starchik et al,
Ukr. J. Phys. 55, 699 (2010).
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MODELLING OF STRUCTURAL DEFECTS IN GAP MONOCRYSTALS

0. V. Konoreva, V. P. Tartachnyk, M. B. Pinkovska, P. G. Litovchenko

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

The attempt is made to calculate by the method
of molecular dynamic (MD) the creation energies of
some structural defects in GaP and to compare them
with data obtained with two different experimental
methods in electron-irradiated crystals. Numerical
integration of classical equations of movement was
held. Parameters of Stillinzher - Veber interatom
interaction potentials are chosen in such a way as to
satisfy the empiric data for GaP crystal structure,
energy and properties. Bond directions are given by
the three-partial term in potential decomposition.
The calculation was carried out by Lammps program
(http://lammps.sandia.gov/). The size of modeling
system was chosen in order the computing error did
not exceed the quantity of digits after comma in the
format of data presentation of program Lammps
(0,0001). There are 20 x 20 x 20 elementary cells or
64000 atoms. Boundary conditions are periodical
ones. The time step (t = 10 - 15 c¢) was chosen de-
pending on system temperature and was maximal if
the energy was stabile. Calculations give the ener-
gies of gallium and phosphorous vacancy creation:
Ev¥=2,93 eV, E\'=2,44 ¢V. This value is equal
Ev®F=5,37 eV for divacancy.

There are four possible pair configurations with
such creation energies (eV):

Ew=ES+EF=244+867=11.11,
EP9 =B+ ES=2.44+7.54=908,
E% = E,% + ES =293 +7.54=10.47,
E% = E% + EF =293 +8.67=11.60,

where E” pair » E‘% pair — are the Frenkel pairs in phos-
phorous and gallium sub-lattices, accordingly.
E/S+E and E,“+ E — are the pairs in which
interstitial atom belongs to one sub-lattice, while
vacancy to another. Energy of the complex of two
antistructural defects (£,,,) at the distance more than
2ay is equal 3,818 eV.

It is interesting to compare the results of model-
ing with our experimental data, obtained while de-
termining the threshold energies of atom shifting in
electron-irradiated GaP crystals. These data were
found by two independence methods: changes of the
initial velocity of carrier removal (dn/d®@)e_s
(Fig. 1) and the decrease of the emitting intensity of
excitons, bounded on izoelectron nitrogen impurity
(Fig. 2). The calculations have given the values of

threshold energies of phosphorous and gallium atom
shifts to be, accordingly:

E/S=30.7+02¢V;
E,=343+03¢V.
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Fig. 1. Dependence of initial velocity of carrier removal
on energy of electrons in irradiated GaP monocrystal.
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Fig. 2. Dependences of exciton emission on energy of
electrons in irradiated GaP crystals.

The comparison of experimental results of thre-
shold energies of atom shifts with the calculation
data has shown that the first values are too high. The
reason of such discrepancy is connected with
unadiabaticity of knock atom shift. The large part of
energy of electron, which shifts the atom, is passed
to the lattice and this fact is not taken in account in
the simple model of the frontal collision. That is
why the values of threshold energies of atom shifts
obtained by MD methods, where the crystal relaxa-
tion is taken in account, are more reliable.
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HOPIBHAHHSI YKPATHCBKOI'O TA POCIMCBKOI'O IIJAXOAIB 10 BU3HAYEHHS
IHAPAMETPIB OKPUXYYBAHHS METAJIY KOPIIYCIB PEAKTOPIB

JI. I. Yupko

Incmumym si0eprux docnioncenv HAH Yrpainu, Kuig

Y 2009 p. B Pociiicekiti denepartii BBeIeHO B
Iiro HOBUI HOpMaTHBHUHN HOKyMeHT [1]. Y domaTtky
I' (000B’s13k0BOMY) IIbOTO TOKYMEHTA MPOMOHYETHCS
Ipolenypa NPOrHO3yBaHHs PafialifiHOIo OKpUXUY-
BaHHA MarepiamiB  kopmycy peakropa (KP)
BBEP-1000 six ¢yHkuii xiMiyHOTO CKJIagy cTali,
4yacy ONPOMiHEHHS Ta (IIIOEHCY MIBUAKHUX HEHTpO-
HIB y BHUIIAJIKy HEMOKIMBOCTI BUKOPUCTAHHS METO-
JIUKU TIPSIMOTO BU3HAYCHHS MMapaMeTpiB paaiaiiiHo-
ro OKpUXUYyBaHHS 3a PE3yJlbTaTaMH BUIPOOYBaHHS
3pa3KiB-CcBiIKiB MarepiamiB kKoHKpeTHOro KP. Kpim
TOro, ()YHKIIOHAIBHI 3aJIe)KHOCTI, IO MIPONOHYIOTh-
csl B IIbOMY JOJATKy, TAKOK MarOTh OyTH 3aCTOCOBa-
Hi JI0 IPsSIMOTO BU3HAYEHHS ITapaMeTpiB padiaiifHo-
IO OKpPHXUYyBaHHS 3a pe3yJbTaTaMH BHIPOOYBaHb

80

T,=67,6°C -
60 _:TK(95%)"”= -20+1 ,83.F°’fﬁ4ﬂ,7f" ,,,,,,,,,,,,

-
.-
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40 e
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i
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0 10 20 30 40 50 60 70 80
®moenc (E > 0,5 MeB), 10* neiitpon/m”

Puc. 1. Merai mBa KP 6ioka Ne 1 FOYAEC

TakuMm 9HHOM, pe3yIbTaTH MOPIBHAIBLHUX PO3pa-
XYHKIB 32 000Ma METOIMKAMH IIPOJIEMOHCTPYBAIH
HaJ3BUYAiHy KOHCEPBATHBHICTH MiJXOAY pPOCIHCH-
KOTO JIOKYMEHTa, SIKH{ 3MEHIIy€e TepMiH Oe3ledHoi
excrutyaTanii KP Ha ~ 20 pokiB.

CraTucTuka OTpUMAaHUX Pe3yJIbTaTiB HEJOCTATHS
JUIS KIHIIEBOIO BHUCHOBKY. HeoOximHi momasbiii
nmomiOHl mocimimkeHHs g iHmmx KP, ocoOnuBo
3BaXKAIOYM HA TE, IO PO3TJISHYTI MOJOKEHHS JIOKY-
MeHTa [1] yBIHTIUIM i THCKOM POCIMCHKOT CTOPOHHU

[IOPIUHUK - 2011

3pa3KiB-cBiAKiB. [loJO’KeHHS MaHOTO JTOKyMEHTa
NOUIMPIOIOThCsl Ha Matepiamu KP no drroency Heii-
TpouiB 64 10* meiiTpon/m’.

st mopiBHSHHA pO3paxyHKIB 3aIMIIKOBOTO pe-
cypey 3a gomomoroto 3anexxnocredt [IHAE [2], mo
nie Hapasi B YkpaiHi, i P/] Bukopuctano mani mis
nmBox KP: enepro6mokiB Ne 1 i Ne FOxHO-YkpaiH-
cekoi AEC. Pecypc KP BH3HadaeThcs mepeTHHOM
JI0O30BUX 3aJIeKHOCTEH KPUTHYHOI TeMIepaTypu
KpuxkocTi Tx 3 HOro MakCHMaJbHO [OITyCTUMHM
3HAYEeHHSIM T,.

Jnsa o6ox KP 3anumkoBwuii pecype 3a [IHAE Bu-
3HavyaeTbea A0 ¢uoeHcy Fp, sxuii mpubnusHOo Ha
20 - 10** meittpor/mM™ GimbLIMiL, HIK TPH 3aCTOCY-
BaHHi nonoxenb P/l (bmoenc Fy) (puc. 11 2).

100 .
T (95%)™= -40+3,44 F**+28,4+20 -~
80+ =T T =14°C
60 ./’/.»"/. e
40+ T T 059 = .40 + 27,9.K™
9) 1 Pl d
. 204 g7 A
- L
o] /A
/
<4 /'
-20!
1 ® PekoHc. 11
-404 A MogepH. 211
409 p F, F,
T T T T T T T T T T T T
0 10 20 30 40 50 60 70

Doetc (E > 0,5 MeB), 107 neitrpon/m’
Puc. 2. Meran mBa KP 6510kxa Ne 2 FOYAEC.

no pokymentra MATATE VERLIFE-2011, sxuit
Oyte HEBIOB31 isATH 1 B YKpaiHi.

1. PH D20 1.1.2.09.0789-2009. «Memooukxa onpedene-
HUsL A3KOCMU PA3PYUWEHUs NO Pe3VabmAamam Ucnbl-
manuti 0bpasyos-ceudemenel 0isi pacyema NPOYHO-
cmu u pecypca Kopnycog peakmoposé BBIP-1000»
(M: OAO Konnepn Dueproarom, 2009), 64 c.

2. Hopmwvl pacuema na npounocms 0b60pyoosanus u
mpyoonpo8ooo8 AmMoMHbIX IHEPSeTNUIecKUX YCMAaHo-
eok. IIHAD TI-7-002-86 (M., DHeproaToMuszar,
1989), 524 c.
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O BO3MOXKHOCTH NNPUMEHEHMS HEKOTOPBIX MOHHO-JIYYEBBIX METOJOB
JJIsl MOJIYUYEHUA U IEJEHAIIPABJIEHHOI'O UBMEHEHUSA CBOUCTB 2JIEMEHTOB
HUHTETPAJIBHON ONTUKH

JI. C. MapueHiok

Hucmumym adepuvix uccaredosanuii HAH Yxpaunvl, Kues

Kak cnemyer u3 [1], meHTpadbHBIM 3JIEMEHTOM
WHTErpaJbHON ONTHKH SIBISIETCSI BOJHOBOJ (TIOJIOC-
KOBBIY, TUIAHAPHBIN WM 3ariTyONeHHBINH), 00pa3oBhI-
BaeMbIii B ONITHYECKHU MPO3PAYHBIX CpeiaX (PUCYHOK).

Cxema orepanuii, OCyIIECTBIsIEMasi WHTETPAJIbHO-OIITH-
YECKUM YCTPOHCTBOM B JIEKTPOONTHYECKHX M MAarHUTO-
OIITHYECKUX KPHCTaJUIaX.

ITosToMy T7aBHOH TEXHOJIIOTMYECKON 3amadeit
SABIIIETCS (DOPMUPOBAHUE TAKUX BOJIHOBOJOB W OII-
HUM M3 HauOoJIee MEePCIICKTUBHBIX METOJIOB SBJISCT-
Csl METOJ MIOHHOM UMIIJIaHTAIIHH.

MuHNMansHOE M3MEHEHHE TOoKa3aTelsl MperoM-
JIEHUS, HEOOXOIMMOE JIJIST CYIIIECTBOBAHUS BOJTHOBO-
na, onpezaenseTcs u3 GopMyIbl

1 1,
> (—
Moo 235 (d) ’
roe A — UIMHA BOJIHBI M3jIydeHus; d — TONIIHHA
BOJIHOBO/JIA.

BonHoBOHBIE yYacTKH GOPMUPYIOTCS, B OCHOB-
HOM, B OOJIACTH KOHIIA TPEKOB 3apsKCHHBIX HOHOB,
MO3TOMY TNyOWHA 3alieraHus 3TUX yYacTKOB OIpe-
JeTsieTcs UTMHOM Npobera HOHOB.

HccnenoBanack BO3MOKHOCTh CO3JaHHS BOJHO-
BOZa B MOHOKpucTamax audochuaa nunaka (ZnP, )

TETParoHaJbHONH MOIU(UKAIINN HEIETHPOBAHHBIX U
JIETUPOBAHHEIX TepMaHueM u ranveM. Kak u3BecTHO
[2], BBeileHUE TIPUMECH TaJIHsI U3MEHSIET TUIl IIPOBO-
JIUMOCTH C p-THITa HA N-TUN. BBeneHne repmanns He
MPUBOJAWIIO K M3MEHEHHUIO THUIIA MTPOBOJUMOCTH, HO,
KakK U B ClIy4ae KPUCTAILJIOB, JISTUPOBAHHBIX TaJHEM,

MIPUBOAMIO K M3MEHEHMIO I[BETa OT SPKO-KPacHOIO
JI0 4YEPHOTO B 3aBHCHMOCTU OT CTENEHHU JIETHMpOBa-
Hus. OOnydyenne mpotoHamu ¢ 3Heprusmu 500 xk»B
— 1 M»3B u 7103 10 10'"%cm™ crieruansHo Hexernpo-
BaHHBIX M JIETUPOBAHHBIX TIE€PMaHUEM MOHOKpPH-
CTaJIOB ZnP, MO3BOMWIO MOIYYUTH CIOW HEOJHO-
POMHOCTH ¢ TIIyOHHOU 70 7 - 10 MKM, KOTOpHBIC, Be-
pOSITHO, MOTYT, MpH AajbHeHIIel obpaboTke, mpo-
SABUTH ce0s Kak c(hopMUpOBaHHBIE B KpHUCTaJLIE IO-
JIOCKOBBIE BOJTHOBO/IBL.

[Mpu obnydyenun ZnP, oOHapyKUBaloCh IMOTIIO-
HIeHue, B 0OJYYEHHOM CJI0€ MOHOKPHCTAJLIOB, 00Y-
CJIOBJIEHHOE, TO-BUIMMOMY, HOSIBJICHHUEM TITyOOKHX
KOMIICHCAllMOHHBIX YpOBHEN. MeXaHnU3M BO3HUKHO-
BEHMsI TaKUX YPOBHEW uccnenosaics B [3], rae o0-
Hapy>KeHo, 4To oOyyueHue nporoHamu ZnP, Bener

K U3MCHCHHIO B HUX KOHIICHTPAITUU TITyOOKUX 0Oe3-
U3JTy4aTeNbHBIX [IEHTPOB.

Jis HEeKOTOphIX 00pa3loB (HENETHPOBAHHBIX U
JIETHPOBAHHEIX TepMaHuEeM) 0OHapyKUBaIach Oosee
TEMHasl MMOJIOCKa Ha TiyOmHe mopsiaka 10 MKM OT
MOBEPXHOCTH KpHcTaiia. Bo3moxkHo, 3a ee popmu-
pOBaHHE OTBETCTBEHHHI Ne(EKThI, BHOCHUMBIMHU TIPO-
TOHaMH B 00JIaCTH KOHIAa UX TPEKOB, M OHA COOTBET-
CTBYET YYacCTKy C M3MEHEHHBIM IIOKa3aTeleM Ipe-
JIOMJICHHSI, KOTOPBI ¥ TpedyeTcs ans CO3MaHus
BOJIHOBOJIA WJIM JJIsl yJIEPKAHUS DIICKTPOMArHUTHO-
rO W3JIy4YeHHUs B TPUIOBEPXHOCTHOW oOmactu (B
3aBUCHMOCTH OT 3HaKa W3MEHEHUS TOKa3aTeysl Impe-
JIOMJICHHS).

1. JI.C. Mapuentok, B Mamepuanvr 9-oti Medcoynap.
KOHG@). «B3aumooeiicmeue uziyuyeHuil ¢ meepovim me-
aom», Benapycs, Munck, 20 - 22 cenm. 2011, BUTT-
2011 (Munck, 2011), c. 251.

2. Z.Januskevicuis, L. Marceniuk, A. Sakalas
A. Sodeika, Phys. Stat. Sol. (a) 59, K139 (1980).

3. AIlL Kygin, B.II Tapraunuk, ILI. JIuToBueHko ma
iH., YKp. @i3. xypH. 47, Ne 1, 85 (2002).

and
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CTPYKTYPA KOH®OPMEPIB CTABLJIBHOI'O PAJIUKAJIA CH3CHCOO'
B OITPOMIHEHOMY L-AJIAHIHI

B. A. Oaumyk, B. P. 3aitos, O. L. JleBoH

Tnemumym adeprux docnioscens HAH Yipainu, Kuig

Crpykrypa pagiauiiHux aedektiB B L-ananini —
BUIBHUX PAAMKaIiB — BUBYAETHCS METOJOM EJIEKT-
ponHoro mapamartitHoro pe3oHancy (EIIP) ta in-
OIMMH CIOPIAHEHUMH METOAAaMH IIPOTATroM Oara-
ThOX poKiB. OcoONMMBHiIl iHTEpec MO i€l CIIOIYyKH
OCTaHHIM 4YacoM TIOB’s3aHUH 3 i1 3aCTOCYBaHHSIM Yy
BHCOKOTOUHIN a03umeTpii. [lormuHyTra mo3a ompo-
MiHEHHS BH3HA4Ya€ThCs 32 IHTEHCHUBHICTIO CIIEKTpa
EITP. BusBmitoch, mo B 00J1acTi KIMHATHHX TeMIIe-
paryp, mpH SIKAX MPOBOJATHCS BUMIpPIOBaHHS, CIICK-
TPU TPOSIBIISIIOTH TEMIIEPATYPHY 3aJICKHICTb. ABTO-
pu poOit [1, 2] mpuiinui 10 BUCHOBKY, IO IaHWN
epeKT Moxxe OyTH TOB’s3aHUH 3 MKKOH(pOpMAITiii-
HUMH  TepexofaMu  cTabinpHOrO  pajauKaia
CH 3CHCOO' . Bymo mocmimkeHo TuHAMIKY IHX Py-
XiB, TIPOTE CTPYKTypa KOH(POPMEPIB Ta MeXaHi3M
MDKKOH(GOPMALIIHHAX TIEePEeXOiB 3aTUIIWINCh He-
3’COBaHUMH.

VY naniit poOOTi IPOBENECHO AOCIIKSHHS TeMIIe-
patypHoi 3anexHocTi ciektpiB EIIP y-onpominennx
MOHOKpHCTaIiB L-ananiny B miamazoni 220 - 430 K.
Jiist miABUIIEHHS. Yy TIUBOCTI 10 GOPMH JIiHIH CIieK-
TPU peeCTpyBaJIMCA Y BUTTISAL APYroi MOXinHOI Kpu-
BOI IOTJIMHAHHS.

Byno nmomiveno, mo npu HarpiBauHi Big 220 K no
430 K y-ompomineHnx kpucramiB L-anmaHiHy crexT-
pu EIIP craGinbHoro paavkana 3MiHIOIOTHCS B Ha-
MPSIMKY CIHEKTPiB HECTaOUTRHOTO pajauKaia, SKAN
CIIOCTEPITAETHCS B 3pa3KaxX, OMPOMIHEHHUX Y PITKOMY
aszoti u Bimirpitux go 110 K, ane ne Bume 220 K,
Ma€ TaKy X caMy XiMi4Hy CTPYKTYypy, ajie BiApi3Hs-
€ThCsl TIpocTopoBofo. [lpm Temmeparypi OIU3BKO
220 K HectabinbHa ¢opma pagukasa HEOOCPHEHO
NepexoauTh y crabiabHy. Y 3B’A3Ky 3 MM OyII0
OTpUMaHi KyToBi 3anexxHocti cnektpiB EIIP ta po3-
paxoBaHO TeH30pH HanToHKOI B3aemoxii (HTB) cra-
oinmpHOrO pamukana mpu 220 1 430 K, a Takox He-
crabimsHOTO TIpH 77 K.

Buxozasum 3 aHamizy OTpUMaHHX JaHUX, OyJO
3p0o0JIeHO MPUMYLICHHS, 10 OAHUM KOH(OpMepoM
(A) € crabinpHa dopma paaukana [3], a npyrum (B)
— HecrabinmpHa [4], B Ky OOEpHEHO NepexOoAHTh
panukan. Crnekrpu EIIP, mo cmocrepiratoTbes, €
yCepeOTHEHUMH, a iXHS TeMIepaTypHa 3aJIeKHICTb
00yMOBJIeHa DPI3HUIICI0 TEPMOIMHAMIYHUX BJIACTHU-

[IOPIUHUK - 2011

BocTeil KOH(OpMEpiB 1, BiAMOBIAHO, 3aJEKHICTIO
yacy JKUTTS Bi TeMIlepaTypu
T°=1,exp(E°/RT), c=A,B 1).

Jns mepenepeBipKy Wi€i TiloTe3u BUKOPHCTOBY-
BaBCS METOJ] HaliMEHIMX KBajapaTiB. TeopeTwdHi
CIICKTPHU PO3PaXOBYBAIKCh 32 KIHETHYHUM PIiBHSH-
HSIM CITIHOBOi MaTpUI TYCTUHH 3 BUKOPUCTAaHHIM
CIiH-TaMiIFTOHIaHA B MEPIIOMY HAOIMKEHHI Teopil
30yperns mo HTB (pucynok). [lapamerpu TeH30piB
HTB 3aknaganucs: s koHpopMmepy A — BU3HAUYCHI
Jutst crabinpHOTO pagukana mpu 220 K, mis koHbo-
pMepy B — po3paxoBani s HECTaOUIBHOTO pauKa-
iy npu 77 K. 3naiineno taki suadenss: 7 =1,7-10"c,

72=2,5-10"c, E'=24,3 i E” = 3,8 xJ[5%/™Mob.
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3anexxHICTh BUCOTH KPalHBOI JTiHIi Ta MIUPHHHU CIIEKTpa
EIIP pangukana CH,CHCOOH™ BiJl TEMIIEPATypPH.

1. B.Rakvin, N. Maltar-Strmecki, D. Katting,
G. Grampp, J. Phys.Chem. A 114, 7500 (2010).

2. K. Itoh and I. Miyagawa, J. Mol. Struct. 190, 85
(1988).

3. I. Miyagawa and K. Itoh, J. Chem. Phys. 36, 2157
(1962).

4. J.W. Sinclair and M.W. Hanna, J. Phys. Chem. 71, 84
(1967).

and

93



AHOTALIIl POBIT

JOCIIIZKEHHSA INOBEPXHEBUX IHIAPIB KPEMHICEBUX BAP'€PHUX JETEKTOPIB
METOJAMHU AJEPHOI'O MIKPOAHAJII3Y

B. 1. Copoxa,1 C. 0. JIe6enp,” M. I'. Toamaues,” O.T. nyapemco,2 0. O.Beceos’

! Inemumym soepmux docnioncens HAH Yipainu, Kuis
ocnionuyvka nabopamopis « Cnexmpy, @ipma « T.M.M.», Kuis

SInepHUMH aHATITHIHUMH MeTomaMu pesepdop-
JIBCHKOTO 3BOPOTHOTO PO3CISHHS Ta 1HIYKOBaHOTO
YaCTUHKAMU XapaKTEPUCTHYHOTO PEHTT€HIBCHKOTO
BHUIIPOMIHIOBAaHHS OCIIKEHO TIOBEPXHEBI IIIapu
npoOHOi mapTii KPEeMHIEBHX MOBEPXHEBO-0ap’ €pHUX
JeTeKTopiB, ki BurotosistoTees B [A1 HAH Ykpa-
iHM. BuMmiproBaHHS BUKOHAHO Ha TIPEIU3iHHIN MiK-
poaHanmiTHYHIK ycraHoBIi «CKaHyIOUYHH sIEpHUI
30H1», IIOMHO BBEJCHIH B €KCILIyaTalilo B Jlabopa-
topii “Cnextp”. ToBmUHN IIapiB Ta iXHSI OTHOPIA-
HICTh 3HAYHO BIUIMBAIOTH HA CIIEKTPOMETPHYHI Ta-
pameTpu JEeTEeKTOpiB, IMepIl 3a BCEe Ha CHEPreTUYHY
PO3AUTEHY 3/1aTHICTh. EKcIiepuMeHT moka3aB (Criek-
TpH, puc. 1), 0 TOBIIMHA [Iapy 30J0Ta, HAHICHO-
ro Ha TIOBEPXHIO JACTEKTOpiB, Oyna ~ 17 HM mis
nepuoro i ~ 20 HM U1 APYroro IeTeKTOpiB.

2 I I I .InhI E
i
b ' osi H E
\\/\ i
il
T y S
27 7 .
| I
‘ I
I
% ] H Si ﬁ ]
2 Pl \\ f
2 [
S , : . ;L
E ar ‘I' An
(=] I
S Ey
=] / fl,
e J'\s;‘ i
joi! 11
: i i : ] .
2] 7
| Ilu
r‘\ X
n
AV
0 j}\—

HOMB,D K-ﬁHaﬂy
Puc. 1. RBS-cniektpu Bix JuIssHOK poOOYOl TMOBEpXHI
JICTEKTOPIB 32 PI3HUX YMOB €KCIICPUMEHTY (3BEpXY BHH3):
1 - nerexrop 1 (6 =157° 6, =0° 1=12 HA); 2 - nerekTop
2 (8 =157° 6, =0°1=2,5#uA); 3-nerextop 1 B = 157°,
0,=0°1=25HA; 4 - gerektop 1 ( 6 = 157°, 6, =60°,
1=2,5HA).

HeonnopignicTe mapiB mo TOBIIMHI HE MEPEBU-
mrye 1,6 HM 1 He BUXOIUTPH 3a MEXKi MOXHOKU eKCIIe-
pumMeHTy (puc. 2). ITig 3010TOM Ha MTOBEPXHI KpEeM-
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HIf0 BUSABJICHO 3HAYHY KUIBKICTH (hropy. IMOBipHO,
0 1[€ 3aJUIIOK MICJIA TEXHOJOTIYHOI orepaiii Tpa-
BIICHHSI TIOBEPXHI 3pa3KiB KPEMHIIO B CyMillli KHCIIOT,
Kynu BxomuTh 1 miaBukoBa (HF) xkmcmora. Ykazano
IUIAX MOXKJIUBOI TpaHchopmaiii 1Oro 3aullKy.
BusiBneHo Takox, IO KiIbKICTH GTOpY s cepii
BUMIPIOBaHb CHJIEHO KOPEIIIOE 3 BEJIMYNHOIO CTPyMY
anb(ha-yaCTUHOK Ha MIIlIeH] MMiJ] 4ac Habopy CIeKTpa

(puc. 3).

28+
24

20

ToBwMHa tAu’ HM
0

D T T T T T
1 2 3 4 5

Micue Ha geTekTopi

Puc. 2. 3anexHICTh TOBIIMHU IOBEPXHEBOTO IIAPY 30JI0Ta
Bil MiCIlI Ha TIOBEPXHI NETEKTOpa: * - JeTeKTop 1; X —
metekTop 2. Micusg s BUMIPIOBaHb PO3TAIIOBAHO
B3JIOBXK JIHII, 10 MPOXOAWJIA 4Yepe3 LCHTP ACTEeKTopa
(micne 3). Micus 1 1 5 BuOupanucst Ha Kpasix JeTeKTopa.

0.8
0.6

0.4

(Nt), x 10", aticm’

0.2

2 4 & 8 10 12

Crpym, HA
Puc. 3. 3anexHicTh KiJIbKOCTI aTOMiB (hTOpY BiJl BENNYMHU
CTpyMy allb(pa-4yaCTHHOK: ® - IeTeKTop 1; X — nerekrop 2.

OueBHIHO, IO JOKAJBHUI HArpiB MillleHi 3aJie-
JKUTB BiJl BEIMYMHU CTPYMY. 3BiICH BUILTUBAE pi3HA
MIBUKICTH JIOKABbHOI qudy3ii atomiB ¢Topy 3 Mic-
s onpomineHHs. OpepikaHi pe3ylbTaTH MOXKYTb
OyTH BHKOPHCTaHI JJIi KOpPEryBaHHS TEXHOJOTIi
BUPOOHMIITBA JETEKTOPIB.

IHCTUTYT AJAEPHUX JOCJIKEHb HAH YKPAIHU
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CHUHEPT'I3M AJIb®BEHOBUX HECTIMKOCTEN YEPE3 KOMIITOHIBCHKE PO3CISIHHS
HA NIBUAKHUX IOHAX

10. B. HKOBeHKOI, s 1. KOJ]CCH]/I‘[BHKOI, M.T. Tmuemcol, P. B. Baiir’

! Inemumym soeprux docnioncens HAH Vipainu, Kuis
anuHCWIOHCbKa aabopamopis gizuxu nrasmu, Ilpuncmon, CILIIA

KoMnToHIBCEKE PO3CISIHHS BiZliTpac€  BaXJIUBY
poJib y (hOpMyBaHHI CIIEKTPIB alb(PBEHOBUX XBHJIb B
acTpO(i3NYHMX IMJIA3MOBHX CHCTEMaX. ¥ TOKaMaKax
KOMIITOHIBCBKe po3cissHas TAE-mon Ha enexkTpoHax
MOJKE MIiFCHIIIOBATH 3aracaHHs ux mon [1]. YV mii
po0OTiI TEMOHCTPYETHCS, IO HACTIKH KOMIITOHIB-
CBKOTO PO3CISIHHA TaKUX MO/ Ha IIBHUIKUX 10HAX €
MIPOTHIICKHUMHU: PO3CITHHSA MOXKE TiACHIIOBATH
30y DKEHHsI MOJ| IIBUJIKMMH 10HAMHM Ta BUKJIUKATU
iXHIO BUOYXOBY HECTIHKICTb.

KoMmmToHiBChbKe PO3CISTHHS BiOYBA€EThCS 3aBISKH
PE30HAHCHIN B3aEMOJIT MiX YaCTUHKAMU Ta OUTTS-
MU TIapH XBWIb. 3aJISKHO Bijl BUIJISLY I[LOTO PE30-
HAHCY Taka B3aeMoJlisl Bene abo 1o TpaHchopMmartii
OJIHOT XBWJII B iHIIY, a00 70 OJHOYACHOTO BHIIPOMi-
HIOBAaHHS/TIOTJIMHAHHS 000X XBHIIb. OTpuUMaHUi y
poOoTi BHpa3 [uIsi KOMOTOHIBCHKOTO BHECKY B iH-
KPEMEHTH Mapu aib(PBEHOBUX MOJ IOKa3ye, IO
HenlHIMHA B3a€EMOJIA Ma€ TEHICHIIO [iICUIIOBATH
HECTIMKICTD, SKIIO Il MOJIM € JIHIMHO HECTIMKHMHU.
AHami3 MOIENThHOI CHCTEMHU PIBHSIHB, IO OIHCYE
EBOJIIONII0 aMIUTITY ] MO/, MOKa3ye, 10 KOMITOHIB-
ChKE PO3CisSTHHS BeJle 10 iXHHOT'O CHHEPTIYHOTO PO3-
BHTKY. A came, IIOWHO aMIUTITyJa OHOI 3 HUX Iep-
BHIIY€ TICBHUI MOPIT, Apyra Moja MOYHHAE 3pOCcTa-
TH HaJeKcroHeHinHo. Komu x aMmrmmityau 000X

HIOPIYHUK - 2011

MOJl CTalOTh IOPIBHAHHWUMH, BiIOyBa€eThCS IXHSA
BHOYXOBa HECTIHKICTh (TOOTO 3pOCTaHHA AMILIITYA
JI0 HECKiHUYEHHOCTI 3a cKiHueHHMH 4ac). [Ipu npomy
BHOYX Ma€ TEHJICHIIIIO 3aTydaTy TOAATKOBI HECTIHKI
MOJH B MIPOLIECi PO3BUTKY.

Tax 3Bani “anbdBeHoBi maBuHU” [2], 1O crocTe-
piratotecs y chepuaromy Topi NSTX, — e cuimbHI
crajaxy anb(PBEHOBUX HECTIMKOCTEH, SIKI BKIIIOYA-
I0Th MOJIH 3 PI3HAMHU XBHJILOBUMH HOMEpPaMH 1 IpH-
3BOMATH IO CHJILHUX CHaJiB HEHTPOHHOI eMicii Ta
BTpaT mMBUAKUX 10HIB. IlomepenHi OmMiHKM TOKa3y-
I0Th, 110 KOMITOHIBCbKE PO3CISIHHS 3[aTHE MOSCHU-
TH PO3BUTOK JIaBUHU 3a yac ~100 mMkc mpu peadic-
TUYHHHUX aMILTITyaX MOJ.

PobGora 4YacTKOBO mTiATpuUMyBamacsi HPOCKTOM
Ne 4588 YkpaiHCBKOrO HAyKOBO-TEXHOJIOTIYHOTO
nentpy (YHTII). Bona momoBimanacs Ha 12-iif KOH-
¢epennii MATATE 3 eHepriiiHX 4acTHHOK y CH-
cremax wMmarHiTHOro ytpuManus (Octun, CLIA,
2011 p.) Ta YkpaidaceKii koHEpeHIii 3 Gi3uku mia-
3MH Ta KepOBaHOTO TepMmosepHoro cunresy (Kuis,
2011 p.).

1. T.S. Hahm and L. Chen, Phys. Rev. Lett. 74, 266

(1995).
2. E.D. Fredrickson ef al., Nucl. Fusion 46, S926 (2006).
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VELOCITY-SPACE STUDIES OF FAST-ION TRANSPORT AT A SAWTOOTH CRASH
IN NEUTRAL-BEAM HEATED PLASMAS

C. M. Muscatello', W. W. Heidbrink', Ya. I. Kolesnichenko?, V. V. Lutsenko?,
M. A. Van Zeeland3, Yu. V. Yakovenko®

! Department of Physics and Astronomy, University of California-Irvine, Irvine, CA, USA
? Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv

3 .
General Atomics,

In tokamaks the crash phase of the sawtooth in-
stability causes fast-ion transport. The DIII-D toka-
mak is equipped with a suite of core fast-ion diag-
nostics that can probe different parts of phase space
(Fig. 1). Over a variety of operating conditions, en-
ergetic passing ions are observed to undergo larger
redistribution than their trapped counterparts. Pass-
ing ions of all energies are redistributed, but only
low-energy (< 40 keV) trapped ions suffer redistri-
bution (Fig.2). The transport process is modeled

E, (keV)
80 5% 3% 2 10

FIDA (au)

FIDA (au)

o A L OO . &
650 651 652 653 654
Wavelength (nm)

Fig. 1. Conditionally averaged precrash and postcrash
spectra versus wavelength (bottom abscissa) and cor-
responding E; (top abscissa) from the (a) near-tangential
system (dominantly co-passing) at (R, z) = (181, 0) cm
and (b) vertical system (dominantly trapped) at (R, z) =
= (183, 0) cm. The dashed vertical line corresponds to
the maximum Doppler shift at which changes are seen
in the vertical spectrum. Apparently, only fast ions with
E; <36 keV detected by the vertical system and all fast
ions detected by the near-tangential system are affected
by the crash.
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using a numerical approach to the drift-kinetic equa-
tion. The simulation reproduces the characteristic
that circulating energetic ions experience the great-
est levels of internal transport. An analytic treatment
of particle drifts suggests that the difference in ob-
served transport depends on the magnitude of tor-
oidal drift.

The work was published in Plasma Phys. Control.
Fusion 54, 025006 (2012).
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Fig. 2. Measured precrash fast-ion profiles from FIDA
(dashed) and simulated postcrash profiles (solid colored
lines) for various values of energy E and A = puBy/E for (@)
trapped and (b) passing particles.
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OI3UKA ITIAZMU

BIIMB HEOJHOPITHOI'O OBEPTAHHA IIJIASMH HA I'VIOBAJIbHI
AJIB®@BEHOBI BJIACHI MOJ/I1 B TOPOIJAJIBHUX TEPMOSAJAEPHUX ITPUCTPOAX

O. II. ®ecenok, B. B. JIyuenko, . I. Kosecunuenko

Incmumym si0eprux docnioncenv HAH Yrpainu, Kuig

Ann(hBEHOBI BIIaCHI MOAM TIPHUBEPTAIOTH M0 cebde
3HAYHy yBary, TOMy IO BOHH MOXYyTb OyTH aecTa-
O11130BaHMMH IIBHAKUMH 10HAMH B TOKaMakax 1 cTe-
naparopax [1, 2]. TeopeTrnuHe HoOCIiKEHHS ab(Be-
HOBHUX HECTIHKOCTEH y IMITIHAPUYHINA reoMeTpii Mar-
HITHOTO TIOJNS TPUBENO JO BIIKPUTTS TIIOOATEHUX
anb(BeHoBux BracHux mox (ABM) [3] Ta He3Bu-
JaHNX TJI00ATbHUX alb()BEHOBHX BIIACHUX MOJI
(HTABM) [4]. TABM i HTABM wmojau crioctepira-
nmch B ekcriepuMenTax [1, 2, 4]. OcoOnuBuii BIuMB
Ha BIIACTHBOCTI TIIa3MH MOXK€ MaTH HEOJTHOPIIHICTH
(mmp) ii obepranns. Bin mMoxe cTabinmizyBatu Jeski
TUIH MO/ (AMB., HAPUKIA, [5]).

Y po0oTi Briepiie JOCTIHKEHO BILUTUB MUPY 00e-
pranss wiasmu Ha ['TABM y TopoinansHux Tepmo-
SAEpHUX MPUCTPOSAX. BuBeneHo Ta mpoaHaizoBaHO
piBusaHs Llpenunrepa, 1o ONMHUCYE 3aJICKHICTDH
aMIUIiTYn JokamizoBaamx ['ABM Bim pamiambHOL
KoopauHaTu. B 11boMy piBHSIHHI €()eKTHBHA €HEpris
€ KBaJIpaTOM BiIHOPMOBAHOI YacCTOTH XBWJI i BXO-
IUTH y piBHSAHHS HemNiHiiHNM ynHOM. ABM omm-
CYIOTBCSI SIK 3B’S3aHi CTaHM LBOTO PIBHSHHSA, 3a-
MKHEHI MK JBOMa MaKCUMyMaMd IIOTEHI{ialy
(6ap’epammu). BuBeneHo yMOBY Ha HIMp OOepTaHHS
TUTa3MH, TPU SIKiH iICHYIOTh PO3B’A3KH 3 KOMIUIEKC-
HOIO €(DeKTHBHOIO CHEpPTi€lo, 10 BiAMOBIAAOTH Ta-
MyBaHHIO/HapocTanHio 'ABM.

Ha pucynky HaBemeHO 3aleXHOCTI IiHCHOI Ta
ysIBHOT 4acTHH e(peKTUBHOI eHeprii £ Bia BiZHOpMO-
BaHOTO MIMPY OOEPTaHHS O, OOYHCIICHI 3a TOTIOMO-
TOI0 YHCEJIBHOTO KOXy, SIKHH pO3B’SI3y€ PiBHSHHA
Hlpeaunrepa. XpecTUKaMy MO3HAYEHO OOUMCIICHHS,
BHKOHAHI KOJIOM, KM YUCEIBHO PO3B’SI3y€ PIBHSIH-
Hs Lpenunrepa aiis JOKani30BaHUX MOJI; KpyKed-
KaMH — OOUMCIIEHHS KOy, SKHH PO3B’sI3y€ XBUIBOBE
panianpHe PIBHSIHHS IJI MOJ JOBLTBHOT JIOKaTi3allii.

HIOPIYHUK - 2011
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1. K.-L. Wong, Plasma Phys. Controlled Fusion 41, R1
(1999).

2. A. Weller et al., Phys. Plasmas 8, 931 (2001).

3. K. Appert et al., Plasma Phys. 24, 1147 (1982).

4. Ya. I. Kolesnichenko et al., Phys. Rev. Lett. 94,
165004 (2005).

5. C. Wahlberg and A. Bondeson, Phys. Plasmas 7, 923
(2000).
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INVESTIGATION OF A TRANSIENT ENERGETIC CHARGE EXCHANGE FLUX
ENHANCEMENT (‘SPIKE-ON-TAIL’) OBSERVED IN NEUTRAL-BEAM-HEATED H-MODE
DISCHARGES IN THE NATIONAL SPHERICAL TORUS EXPERIMENT

S. S. Medley', Ya.I. Kolesnichenko®, Yu. V. Yakovenko’, R. E. Bell', A. Bortolon®, N. A. Crocker”,
D. S. Darrow’, 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. Roquemorel, D. R. Smith®, D. Stutman’,
K. Tritz/, R. B. White'

! Princeton Plasma Physics Laboratory, Princeton, USA
? Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
? University of California, Irvine, USA
? University of California, Los Angeles, USA
’ Department of Applied Science, University of California, Davis, USA
S Department of Engineering Physics, University of Wisconsin-Madison, Madison, USA
? Johns Hopkins University, Baltimore, USA

In the National Spherical Torus Experiment
(NSTX), a large increase in the charge exchange
neutral flux localized around the neutral beam (NB)
injection full energy is measured using a neutral
particle analyser. Termed the high-energy feature
(HEF), it appears on the NB-injected energetic-ion
spectrum only in discharges where tearing or kink-
type modes ( f <50 kHz) are absent, toroidal

Alfvén eigenmode activity ( f ~50-150 kHz) is

weak and global Alfvén eigenmode (GAE) activity
( f~400—-1000 kHz) is robust. Compressional
Alfvén eigenmode activity ( f>1000 kHz) is
usually sporadic or absent during the HEF event.
The HEF exhibits growth times of Af~20—80 ms,
durations spanning 100 - 600 ms and peak-to-base
flux ratios up to H=F_, /F, ~10. In infrequent
cases, a slowing-down distribution below the HEF
energy can develop that continues to evolve over
periods of order 100 ms, a time scale long compared
with the typical fast-ion equilibration times. HEFs
are observed only in H-mode (not L-mode)
discharges with injected power P, >4 MW and in

the pitch range y=v,/v~0.7-09; ie. only for

passing particles. Increases of order 10 - 30% in the
measured neutron yield and total stored energy that
are observed to coincide with the feature appear to
be driven by concomitant broadening of measured
T,(r), T,(r) and n,(r) profiles and not the HEF

itself. While the HEF has minimal impact on plasma
performance, it nevertheless poses a challenging
wave—particle interaction phenomenon to understand.
Candidate mechanisms for HEF formation are
developed based on quasilinear (QL) theory of
wave—particle interaction. The only mechanism
found to lead to the large NPA flux ratios,
H=F, /F, , observed in NSTX is the QL
evolution of the energetic-ion distribution,
F,(E, y,r), in phase space. A concomitant loss of

some particles is observed due to interaction through
cyclotron resonance of the particles with
destabilized modes having sufficiently high
frequencies, f ~700—1000 kHz, in the plasma

frame that are tentatively identified as GAEs.

This work was supported by the US Department of
Energy under Contract No DE-AC02-09CH11466.
This work was partly supported by Project No. 4588
of the Science and Technology Center in Ukraine, US
DOE Grant Nos DE-FG02-89ER53296 and DE-
SC0001288 (U.Wisconsin-Madison), US DOE Grant
No DE-FG02-06ER54867 (UC Irvine), US DOE
Grant No DE-FG02-99ER54527 (UCLA) and US
DOE Grant No DE-FG02-99ER54518 (UC Davis).

The work was published in Nuclear Fusion 52,
013014 (2012).
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OI3UKA ITIAZMU

OIiuC HU3bKOYACTOTHUX KOJIMBAHb TOPOIJAJIBHOI IIJIA3MHA
PIBHAHHAMU ABOPIAMHHOI TTAPOANHAMIKH

S1. 1. Konecunuenko, B. C. Jlensisko, 0. B. SIkoBenko

Incmumym si0eprux docnioncenv HAH Yrpainu, Kuig

OcTaHHIMH pOKaMHU y TEPMOSICPHUX TOCIIi-
JOKCHHSIX TOCHJIMBCS IHTEpeC J0 HeCTifkocTed 3
4acTOTaMH TOPSIKY YacTOTH Te€0Je3UYHOI aKyCTHY-
HOl MOIH, Wgam. I ONMCy TaKMX HHM3bKOYACTOT-
HUX KOJHMBaHb 3a3BHYail BUKOPHCTOBYIOTH PiBHSHHS
izeanbHOi MarHiTHOI TigponuHamiku (MI'[I). IIpote
y 0araTboX BHUIAIKaX 4acTOTa Wgam. € MOPAAKY Aia-
MarHiTHUX IpeW(OBHX YaCTOT CICKTPOHIB Ta 10HIB
IJ1a3MH, O+, Ta O+. Y IIUX BUMaaKax piBHsHHA MI'[]
€ HeNPUAATHUMH IJ1s1 BUKOpHCTaHHA. Tomy B po0oTi
[1] Oymo 3acTocoBaHO KIHETHYHY Teopit0. Brim,
aHaJiz OyJi0O TIPOBEACHO 3a JIOMIOMOIOK OaJIOHHOTO
¢dopmamizmy [2], yepe3 1m0 oTpuMaHi PIBHSIHHS HE
OIUCYIOTh MOJ 3 4aCTOTaMHM, OJIM3bKHUMHU A0 YacTOT
EKCTPEMYMiB KOHTHHYYMIB 3a MEXaMH pallioHalb-
HHUX TOBepxoHb. Kpim Toro, aBropu pobotu [1] Bu-
JYYUIHM 3 PO3IJISAY KOJNMBAHHS 3BYKOBOI'O THUILY. Y
po6oTi [3], BUKOPHCTOBYIOUM JBOPIAWMHHY T1IpPOIH-
HaMiKy, BHBEJCHO DIBHSHHS, BiJIbHI BiJ] BKa3aHHX
oOMeXeHb Ta TIOKa3aHO ICHyBaHHsS Jper¢oBo-
3BYKOBHX Ta HOBOTO THITy Jpei(oBo-aib(hBEHOBUX
BracHux moxa ([3M ta JIAM wmon). [Ipote ui pis-
HSIHHA € CIIPAaBEIJIUBUMH JIUILE y TUIa3Mi 3 OJHOPIA-
HOI0 TEMIIEPaTypor0 Ta 33 YMOBU ®gap™ O+ Y PO-
0oTi [4] i aBTOpH y3aradbHIIN PIBHSAHHSA poOOTH [3],
BiJKMHYBIIM Ha3BaHi OOMEKEHHSI.

s pobota € mpomoskeHHsM pobotu [4]. YV Hil
30ypeHi BeIMYMHHU TPEACTaBICHI Yy BUTIISANI CyMH
®yp’e TapMOHIK Ta OTPUMAHO CHCTEMY PIBHSHB IS
LIUX TapMOHIK, 3a4eIJICHUX MiX COOOI0 rapMoOHiKa-
MH KPHBUHH CHJIOBHX JiHIH MartiTHoro mojst. Y
Takiil (opMi PIBHSAHHS € 3pyYHUMH JUIS TIPAKTHYHO-
IO 3aCTOCYBaHHS, OCKUIBKH B €KCIIEPUMEHTAaX CIIO-
CTepiraroTbcsa 30ypeHHsI, B SIKUX JOMiHy€e OOMexeHa
KUTBKICTh TapMOHIK. BHUKOpHCTOBYIOUM OTpHUMaHi
piBHsHHS a8 JI3M- ta IAM-mon, npoBeicHO aHa-
ni3 piBHSEb 1 [[3M- Ta JIAM-KOHTHHYYMIB. 30-
Kpema, MOKa3aHo, II0 TPaJi€eHT TeMIIepaTypu iOHIB
MOJKE MPU3BECTU 0 HECTIHKOCTI 3 YACTOTOI0 (O<<()«
J3M-konTrHYyMa, mo Bimnosinae JI3M HecTiiiko-
CTi Ma3Mu — Pi3HOBUAY ApeiidoBo-TeMIiepaTypHoi
HecTiiikocTi [Bimomoi sik lon Temperature Gradient
instability (ITG mode, a6o m-mode)]. Orpumano
3arajibHy KapTHHY TiIOK KOHTHHYYMIB (PHCYHOK).
SIx BUAHO 3 PUCYHKA, KOHTUHYYMHU MICTATH IIIJIMHU.
VY 1ux miguHAaX MOXYThH iCHYBaTH TUCKpeTHi J[3M-
ta JIAM-mou.

[ligroroBneHo cTaTTiO 10 APYKY, € BUKIAICHO
OIMCaHI TYT pe3yJbTaTH Ta MIOJAHO JIeTaJbHE BUBE-

HIOPIYHUK - 2011

0 ky

lNnxu npeiioBo-3BykoBoOro Ta Japeiidoso-anbpdhBeHOBOrO
KOHTHUHYYMIB: d - OG> Mxj¢; 6 - OG<Mx. JlirTepamu A ta S
MO3HAYEHO Jpei(oBo-ab(BEHOBI Ta Apel(hoBO-3BYKOBI
TUIKM  BIANOBIHO; MO3/IOBXKHE XBUJILOBE YHUCIIO,

@, ,, @, @, - xapakrepHi yacrotu. Cipum KOJIbOPOM

MIOKa3aHOo IUIMHN Y KOHTHHYyMaX.

JeHHsl piBHSHb. KpiM TOro, i pe3yibTaTH AOMOBi-
nmamvcs Ha 12-iii koHbepennii MAT'ATE 3 ¢i3ukn
CHEPTIMHMUX I1OHIB Y CHCTEMax 3 MarHiTHUM YyTpH-
manHsaM miasmu (Ocrin, CIIA, Bepecens 2011 p).

1. L.Chen, F.Zonca, and R. Santoro, Plasma Phys.
Control. Fusion 40, 1823 (1998).

2. J.W. Connor, R.J. Hastie, and J.B. Taylor, Phys. Rev.
Lett., 40, 396 (1978).

3. Ya.l. Kolesnichenko, V.V. Lutsenko, A. Weller et al.,
Europhys. Lett. 85, 25004 (2009).

4. $1.1. Konecunuenko, b.C. Jlenseko Tta HO.B. SIkoBeHko,
y opiunux-2010 147 HAH Vkpainu (Kuis, 2011),
c. 98.
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FREQUENCY CHIRPING DURING A FISHBONE BURST

V. S. Marchenko, S. N. Reznik

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

Fishbone is the ubiquitous phenomenon in the

inductive tokamak discharges with energetic ions [1].

It represents the finite-frequency branch of the inter-
nal kink and can manifest itself as an energetic parti-
cle mode [2] and/or as a negative-energy mode, de-
stabilized by dissipation due to precessional reso-
nance with trapped energetic ions when its ideal
counterpart is stabilized by diamagnetic effects [3]
(sometimes both branches have been observed in the
form of the ‘hybrid’ fishbones [4]).

An interesting property of fishbones is their non-
linear dynamics, which include (i) the robust burst-
ing behavior and (ii) the strong chirping, i.e. gradual
(more than a factor of two) reduction of the mode
frequency during a fishbone burst. While the burst-
ing mode can be described in the framework of a
simple ‘predator-prey’ models [2, 3], the chirping
remains a mystery [5], which motivated this work.
In the present publication [6] it is shown that chirp-
ing can be induced by reactive torque exerted on
plasma as a result of the instability burst, which
reduces the mode frequency in the lab frame, while
frequency in the plasma frame remains constant.

We start from the well-known expressions for the
wave momentum, P, and wave energy, E,:

P, =Nk, E,=No, (1)

where k() is the wave vector (wave frequency in

the plasma frame) and N is the wave action (the
number of ‘quanta’). Excluding N from equations

(1) yields
s (2)

where M is the toroidal component of the wave

angular momentum and # is the toroidal mode num-
ber. Dotting equation (2) under assumption
n=w=0, and taking into account the conservation
of the total (plasma + wave) angular momentum and
energy, one can obtain

T =2p, 3)

where T » = M(pp = —1\'/[(/,w is the toroidal torque and
PEEP =-E, is the power. Note that P <0 for

instability. In the fishbone case, P is the power ex-
tracted from the fast ion density gradient at the pre-
cessional resonance, which has been calculated in
the present work [6].

The wavelet spectrogram [i.e. the contours of
constant signal power on the (frequency, time)
plane] of the simulated fishbone burst is shown in
the Figure. As observed in many experiments, most
of the signal power exhibits more than a two-fold
frequency decrease during the burst.
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Wavelet spectrogram of the simulated fishbone burst.

In summary, the reactive torque given by equa-
tion (3), which is associated with bursting nonlinear
mode dynamics (P # 0 through the burst, in contrast
to stationary mode, when the power extracted from
energetic ions is balanced by dissipation on thermal
species), can be responsible for the strong frequency
chirping during fishbone instability.

1. K. McGuire et al., Phys. Rev. Letters 50, 891 (1983).

2. L. Chen et al., Phys. Rev. Letters 52, 1122 (1984).

B. Coppi and F. Porcelli, Phys. Rev. Letters 57, 2272

(1986).

4. F. Nabais ef al., Phys. Plasmas 12, 102509 (2005).

5. B.N. Breizman and S.E. Sharapov, Plasma Phys. Con-
trol. Fusion 53, 054001 (2011).

6. V.S. Marchenko and S.N. Reznik, Nuclear Fusion 51,
122001 (2011).
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BIIMB 30BHIIIHIX PE3OHAHCHHUX MAI'HITHUX 3BYPEHb HA JHHAMIKY
AJIB®A-YACTHUHOK CHUHTE3Y B TOPOIJAJIBHIN IIJIA3MI:
YUCJIOBE MOJIEJOBAHHS

10. K. Mocksirina', A. O. Mocksirin', O. A. Ilumkin®, B. O. HBOpCLKI/Iﬁ3, K. IHon(])4

! Hayionansnuii nayxosuii yenmp «Xapriscokuii gpisuxo-mexuivnuii incmumymy, Xapxie
? Xapxiscoruii nayionanvnuii ynisepcumem imeni B. H. Kapasina, Xapxie
? nemumym sdepuux docnioocens HAH Yipainu, Kuis
? Incmumym meopemuunoi gisuxu Inc6pyyvrozo yuisepcumemy, Incopyk, Ascmpis

30BHIIIHI pe30oHaHCHI MarHiTHI 30ypenns (PM3)
IIMPOKO 3aCTOCOBYIOTHCS JJISl TIPUIYIICHHS HECTil-
KOCcTell Ha TpaHuii TopoiganbHOI iasmu [l - 3].
BukopucroByroun MeTtoa MPOOHHX YacCTHHOK, Y
JaHiii poOOTi TPOBEAEHO YHCIOBE MOIEIIOBAHHS
mwuBy PM3 Ha yrpuMaHHs anb(ha-4acTHHOK saep-
HOTO CHHTE3Y B TOKamakax. J[jis crpolieHHs po3pa-
XYHKIB BUKOPUCTaHO MOJIEJIb MAarHiTHOTO MOJs i3
KPYTJIUMH MarHiTHUMH TNoBepxHsiMu. [loBeiHka
aHcamM0ii0  anb(a-4acTHHOK BiJCTEXKyBaJlach 3a
JIOTIOMOT'OI0 IHTETPyBaHHSI TOBHUX PIBHSHb PYXY
NPOTATOM 4Yacy, IO MEPEBHIINYE Yac TepMalizallil.
3osHimHI PM3 BuOHpanucek y BUTIIL [4]

m—1
b, [LJ {siny;cosp;0}, (1)
a

c

_ BoRy
R

Bl

ne y=md—ng, m Ta n O3HAYAIOTH IOJOIAHE Ta
TOPOIIHE YMCIIO MAarHiTHUX 30ypeHb; b, =~ - BiIHO-

meHHs aMIunTyau PM3 mo MarsiTHOro mosis Ha oci
B, ; R — Benukuil paziyc Topa,  Ta a, - BiANOBIIHO
pamiyc MarHiTHOi MOBepxHi Ta KOoTymok PM3. ¥V
YHCIOBUX PO3paxyHKaxX BUKOPHUCTOBYBAIMCH Iapa-
meTpu Tokama4Hoi koH¢irypauiii JET i3 B, =2T ,
oGepranbhuM 1neperopersM 1= 0,8—0,55(r/ ar)2
Ta MaluM paaiycoMm 1miazmu a =120 cu. MarniTHe
30ypeHHs 3ajaBanock mapamerpamu b, =5-10",
m=3,n=1t1a a, =150 cm y BignosigHocTi 3 PM3,
o 3actocoByBasiochk Ha JET [5]. KynoHiBChKI 3iTK-
HEHHS BPaxOBYBaJIMCh 32 JIOTIOMOTOI0 TPHBHMIPHOTO
oneparopa Monre-Kapio i3 HemepepBHHM CIHEKT-
pPOM BUTIAAKOBUX 30ypeHb MBHUIKOCTI [6].
Po3paxyHKr MpOBOIWINMCH I ABOX BHIIAKIB:
Ipu BiACyTHOCTI Ta HasBHOCTI PM3. B 000x BUMIaj-
Kax JociimKyBaitack epomomnis 400 ambha-gacTHHOK
13 mouarkoBorwo eHepriero E;=3,5 MeB Ta i30-
TPOTHUM MIBUAKOCTEBUM PO3MOALIOM, IO HAPOIKY-
I0TbCSl HAa MarHiTHii nosepxHi 7, =10 cm. YacTunku
PO3MOAULIIMCH PIBHOMIPHO TI0 TOPOIIOMY Ta TOJIOi-
HOMY KyTaX. Pe3ynbTaTé po3paxyHKIB IPOLTIOCTPO-
BaHi HA PUCYHKY, 3 SIKOro BUIHO, mo PM3 cnpuum-
Hs110Th 30 % 3pocTaHHs BTpaT anb(a-4acTUHOK.
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EBoumroriisi ancaMOt0 anbga-4acTHHOK 13 MOYATKOBOIO
eHepriero £, =3,5 MeB Ta 130TpOIHUM PO3IOILIOM IO
MIBUAKOCTSAX TIPH BiacyTHOcTi PM3 (4opHa TOHKA KpH-
Ba) Ta npu HasBHOCTI PM3 (cipa kpusa). IlpaBa BepTH-
KaJbHAa BiCH BINIOBiNAa€ BiIHOCHWM BTpaTaMm aibQa-
YaCTHUHOK, III0 00OYMOBIICHI MarHiTHUMH 30ypEHHIMHU.

BucHoBKH poOOTH:

1. OCHOBHMM MEXaHi3MOM JIOJIATKOBHX BTpat
anb(a-9acTHHOK CHHTE3Y 13 IIa3MH TOKamaka, MpH
HasBHOCTI PM3, € KyNOHIBCBKI 3iTKHEHHSI Ta pyHHY-
BaHHS MarHiTHUX TOBEPXOHb.

2. IlpoBeneHi 00YMCICHHS MPOIEMOHCTPY-BaIH,
o copmoBani 3aBasiku PM3 MarHiTHI OCTpOBH Ta
CTOXACTUYHI IIapy Ha TPAHUIll IJIa3MHU CHPUYHHS-
I0Th HEPETYJSIPHICTh OpOiTALHOTO PyXy Ta MiACH-
JIeHWH pajiialbHUIl TPaHCIOPT YaCTKOBO TEPMai3o-
BaHUX aJb(a-4yaCTHHOK.

3. Pa3om i3 nuM 30BHINIHI pe30HAaHCHI MarHiTHI
30ypeHHs] CIIPUYHHSIOTH JIUIIE HE3HAYHE 3POCTAHHS
MUTTEBHUX BTpAT alb(ha-4aCTHHOK CHHTE3Y.

1. T.E.Evans et al., Phys. Rev. Lett. 92, 235003 (2004).

2. Y.Liang et al, Plasma Phys. Control. Fusion 49,
B581 (2007).

3. J.M. Canik et al., Nucl. Fusion. 50, 034012 (2010).

4. Yu.K. Moskvitina and A.A. Shishkin, Probl. At. Sci.

Tech. 6, 19 (2008).

E. Nardon et al., J. Nucl. Mater. 390-391, 773 (20009).

. K. Tani et al., J. Phys. Soc. Jpn. 50, 1726 (1981).
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PO3NOALIA JA®Y3IHHUX BTPAT IIBUIKHAX IOHIB HA TOKAMAIII JET

B. Hsopcumﬁl’z, 1O. BapaHOB3, B. Fonoﬁopozu,lcol’z, B. KinTi.nnﬁ3,
A. Mocksitin®, C. Illapanos’, K. Illong’

! Inemumym soeprux docnioncens HAH Vipainu, Kuis
? Incmumym meopemuunoi gizuxu Incépyyvrozo ynisepcumemy, Incpyk, Aécmpis
7 Kanemcuoruii naykosuii yenmp, A6inedon, BenuxoGpumanis
? Xapriscoxuil nayionansuuii ynisepcumem imeni B. H. Kapasina, Xapxie

Po3nozinu moTokiB 3apsiKeHUX MPOAYKTIB CHH-
te3y (3IIC), mo BTpavaroThCs 3 MJIa3MU, IO MPOCTO-
POBHX Ta HIBUIKOCTEBHX KOOpAWHATAaX HAaXaloTh
BXJIUBY 1H(OPMAIIiI0 PO MEXaHi3MH BTpaT MIBUJI-
KHUX 1OHIB y TOPOIiZanbHUX MarHiTHUX nactkax [l -
3]. 3HaHHS TaKWUX PO3IMOMALIIB BaXKIIUBE JJISI IPOTHO-
3iB TerioBuX HaBaHTakeHb 3I1C Ha mepmry CTiHKY B
TOKaMakax-peakropax [4].

Mertoro naHoi poOOTH € MOJENIOBAaHHA MOJO-
imanbHUX Ta MTY-KYTOBUX PO3MOILTIB 10HIB BHCO-
KHX €HEpriif, 1o MmomnajarwTh Ha TEPIIy CTIHKY 3a
paxyHOK Iudy3idiHMX MexaHi3MiB BTpar. OCHOBHa
yBara NpUAIISIEThCS MEXaHI3My BTpaT 00yMOBJIEHUX
MITY-KYTOBUM PO3CISTHHSIM IIBHIKUX 10HIB Ha Hac-
THHKaX OCHOBHOI 1azmu [5]. OueBuaHo, o nudy-
3iifHI BTpaTH MOXYTb CYTT€BO IiJCHIIOBATHCH 3a
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3MoieNIbOBaHI MOJIOiAAIbHI Ta TOPOigalibHI PO3MOALIH
mudysiiiHuX BTpar TpuUTOHIB i3 eHeprieto 1 MeB Ta
(0,20 < Vi/V < 0,24) na nimitepi Tokamaka JET (po3psin
78075) B ocecumeTpuyHOMY HaONMKeHHI (BEpx) Ta y
BUIIAJIKY CTaHIAPTHUX TO(piB (HU3).
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HasiBHOCTI ro¢piB MarHiTHOTO T10J1s1 Ta MI'J] 30ypeHb
[1, 6]. Cnig 3a3Ha4MTH, IO TaKi BTPATH MOXYTh
COPUYMHATH CYTTEBE TEIUIOBE HABAHTAXKEHHS Ha
MepIly CTIHKY, OCKUJIbKM BOHH JIOKATi30BaHI B He-
BEJIMKOMY OKOJIi €KBaTOPiaIbHOI IIOIIMHH TIJIa3Mu |5,
7]. Jane monemoBanHs 0a3zyeThcst Ha Mojelni MoHTe-
Kapmo mudysiitanx BTpar i BpaxoBye edexT miTd-
KyTOBOTO PO3CisSIHHA Ta ro()piB MarHiTHOro 1ot [7].
Ha pucynky mpeznctaBieHo pe3ylbTaTH MOJCTIOBAaH-
HSI TIPOCTOPOBHX PO3MOJLUTIB BTPAT TPUTOHIB 3 CHEP-
rico 1 MeB nHa Toxkamami JET g TUHOBHUX ITiT4-
KyTiB (~77°), mpU SKUX CHOCTEPIralvch aHOMAJIbHI
BTpaTH 3apspkeHnx npoxykrie DD cunaTesy [3]. fAx
BUJIHO 3 PUCYHKa, ro)pu NPU3BOAATH A0 IN0JIOIAANb-
HOT'O 3CYBY Ta TOPOifajbHOI MOIYISLIl AUQy3iHHNX
MOTOKIB 1 YMOXKITHBITIOIOTH PEECTPAIlI0 BTPAT TaKHX
TPUTOHIB Ha CIIUHTIIAIIIHHOMY TETEKTOPI.

BucHoBKH poOOTH:

4. NudysiiiHi BTpaTH MBUAKHX 10HIB Y TOKamalli
JIOKaIi30BaHi B JOCHUTh BY3bKili 00JacTi MOIOina h-
HUX KyTiB HWK4Ye a0 BuUIlIe (3aJIe)KHO BiJl HAPSMKY
TOpOigansHOro Ipeidy) eKBaTopialbHOI IIOLIHHU.
Tax, BTpatn 3apsypKeHuX npoaykrie DD cuHTE3y B
tokamaui JET noxanizoBani B oGnacTi mosoinais-
HUX KyTiB 0113bK0 30° HIDKYE eKBaTopa.

5. T'odpu MarHiTHOro MONA NPUBOAATH OO IOJa-
TKOBOTO TTOJI0iIATFHOTO 3CyBY MU y31HHIX BTpaT Ta
JI0 ICTOTHOI MOJAYJIALII BTpAaT MO TOPOiJaNbHIA KO-
opauHati. MakcuManbHUI TONOIfanbHUE 3CYB Ta
HAWOUTBII BHpaXEHa TOPOiNalIbHA MOMYJISIIS Mae
MicCIIe JUIsl 10HIB, 110 PE30HYIOTH i3 TOdpaMu MOJIs.

6. Panmianbna audysis, oOyMoBiIeHa 3ITKHEHHS-
MU Ta TOQpaMH MarHiTHOro IOJIs, MOKE MOSCHIOBA-
TH aHOMAaJIbHI BTPAaTH 3apsAKEHUX MPOoaykTiB DD
cunTte3y B Tokamani JET [3].

1. S.Zweben et al., Nucl. Fusion 40 91 (2000).

2. V. Kiptily et al., Nucl.Fusion 49 065030 (2009).

3. Yu. Baranov, EPS 2010, P1.066 (2010).

4. A.Fasoli et al., Nucl. Fusion 47, S264—S284 (2007).
5. V. Yavorskij et al., Nucl. Fusion 43, 1077 (2003).

6. V. Yavorskij et al., Physics of Plasmas 6, 385 (1999).
7. V. Yavorskij et al., EPS 2011, P4.029 (2011).

IHCTUTYT SIAEPHUX JIOCJIJDKEHb HAH YKPATHU



OI3UKA ITIAZMU

PERIPHERAL RF MODES IN A STRONGLY NONUNIFORM HELICON PLASMA
N. A. Beloshenko', K. P. Shamrai', S. Shinohara®, T.Motomura®, T. Tanikawa®

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
? Tokyo University of Agriculture and Technology, Tokyo, Japan
’ Kyushu University, Fukuoka, Japan

*Tokai University, Kanagawa, Japan

Radial eigenmodes of a nonuniform plasma in
the frequency range of helicon waves were exam-
ined using the TE approximation, which neglects the
electron inertia [1], and, more recently, using the full
electromagnetic approach [2]. Those examinations
concerned almost pure helicon modes localized near
the plasma column center. Here, we show that there
also exists a family of eigenmodes that are localized
peripherally and are formed by coupled helicon and
quasi-potential (Trivelpiece - Gould, TG) waves.

Let a plasma is confined by a metal chamber of
radius 7y immersed in an axial magnetic field of
strength By. The plasma column has a nonuniform,
Gaussian radial density profile with a small edge-to-
center density ratio, n.../no << 1. If the axial wave-
number £k, is fixed, transparent for the helicon wave
is the density range n.,, < n < Ny, Where

n, =(m, /4w ) 0o N? , n,, =@,/ 4o)n,, (1)
are the characteristic densities related, respectively,
to the helicon wave cut-off and to coalescence of the
helicon and TG waves, and N, =k_c/® is the lon-

gitudinal refractive index. The TG waves can propa-
gate in the range n < ngoq.

To find the eigenmodes, Maxwell equations with
cold-plasma dielectric tensor were solved numeric-
ally for conditions of experiments [3] performed on
a large source, o =37 cm. Two different families of
helicon eigenmodes were found. The first includes
the aforementioned, almost pure helicon modes with
wavenumbers in the range k; < k, < k,, where

k=2(w/c)(o,/a,), k=~kJo,/ w2 (2

and @, is the center plasma frequency. They are
localized near the plasma axis and exist provided
that the wave coalescence surface is out of the
plasma bulk. The second, much more numerous
family includes the coupled helicon—TG modes with
wavenumbers k, < k;, which corresponds to presence
of the coalescence surface in the plasma bulk. These
modes are peripherally localized between the cut-off
and coalescence surfaces (1). The mode localization
regions are shown in Fig. | together with the mode
spectrum, for typical conditions of experiment [3]
and under assumption 7.44./19 = 0.01. For these spe-
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cific conditions, there are nine helicon modes and
fifty-one helicon—TG modes.
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Fig. 1. A diagram showing the mode localization regions
and (at the top) the mode spectrum. @2z = 7 MHz,
n=2.5-10"cm>, By=60 G.

Collisional damping of the modes is shown in
Fig. 2. As seen, the lower helicon—-TG modes are
less damped than the pure helicon modes.

The rf electric fields of the helicon—TG modes
are strong owing to substantial potential component
enhanced by nonuniform plasma polarization. It was
found that even at quite low amplitudes, the pon-
deromotive forces related to these modes can sub-
stantially contribute to peripheral electron flows,
e.g., by redirecting the radial diffusion flux and gen-
erating a stratified azimuthal flow.
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Fig. 2. Imaginary vs real parts of the mode wavenumbers,
at pa, = 0,75 mTorr.
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RADIATION PROCESSES IN TURBULENT MAGNETIZED PLASMA

V. N. Pavlenko, V. G. Panchenko

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

It is known when the electromagnetic waves
propagate throuh a plasma, perfect fraction of the
radiation is transformed or scattered [1]. By launch-
ing a beam of radiation into plasma and collecting
some transformed (scattered) radiation, a lot of in-
formation about the plasma properties may be ob-
tained. Particularly, the spectral distribution of the
transformed radiation is defined by the fluctuations
spectra. This allows restoring 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 magnetized inhomogeneous plasma is
studied. Transformation coefficient is obtained when
the drift waves are excited by lower hybrid pump.
The intensity of transverse wave”s radiation from
turbulent plasma is calculated.

We point out that the transformation of the longi-
tudinal wave into the transverse one is of perfect
interest as the possible mechanism of electromag-
netic energy radiation from the plasma. Really there
are casual Langmuir waves always in the plasma
with the amplitude which is defined by the electrons
temperature. Interacting with turbulent drift oscilla-
tions these waves may be transformed into trans-
verse waves and then leave the plasma.

The intensity of such radiation is connected with

the transformation coefficient d ZM by the rela-
tion [2]

d'Kdo
~vifdy, S omzE’ M

where S is the energy density fluctuations.

The plasma inhomogeneity is defined by an ex-
ponential density gradient when the distribution
function is proportional to exp (ay) , where

o=(/ny)(dn,/dy) is the plasma inhomogeneity

parameter. We suppose that the plasma is subjected

to a magnetic field EO = B,Z and a pump wave elec-
tric field E, = E,ycos @yt .

We study the case when the pump frequency @,
lies in the lower hybrid frequency region
@, ~ @&y = @y, (1+(m, / m,)cos’ 0)"*, @, ~ o, Here
®,,1s the Langmuir frequency of particles of type

o, =e,i and @ is the angle between the direction
of wave propagation and the magnetic field.

Consider the pump wave decay into lower hybrid
), and electron drift wave @, [3]:

W, = +@,. (2)

After straightforward calculations in the region
above instability threhold , ie. at £, > E, we obtain

the following expression for the intensity of transverse
waves which are radiated from turbulent plasma:

2
1odl o i
4 2

rDe e 7D7/]k (krDe)4 ,

I~Vo,N 3)

where o, is the Thomson cross section.

The numerical calculations show that for typical
plasma parameters T,=5 KeV, B, =50 kG,

n=10"cm>, u~10", qr,, ~10""  and

@, /Y, 210 the value of radiation intensity can

exceed the anlogous one for the case of non-
turbulent plasma by two orders of magnitude.

1. A.IL Akhiezer, I.A.Akhiezer, R.V.Polovin et al.,
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2. V.N. Pavlenko and V.G. Panchenko, Physica Scripta
84, 025502 (2011).

3. V.N. Pavlenko, V.G.Panchenko, L. Stenflo and
H. Wilhelmsson, Physica Scripta 45, 616 (1992).
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TRANSITIONAL GEOMETRICAL UPPER HYBRID OSCILLATIONS EXCITED DURING
POTENTIAL RF SHEATHS FORMATION IN A MAGNETIZED PLASMA

T. S. Rudenko', K. P. Shamrail, T. Matsuokaz, L Funakiz, S. Shinohara®

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
? Japan Aerospace Exploration Agency, Kanagawa, Japan

3 Tokyo University of Agriculture and Technology, Tokyo, Japan

Non-neutral boundary sheaths determine the
efficiency of a potential rf field penetration into
plasmas in capacitively coupled sources, Lissajous
Helicon Plasma Thruster [1] and other rf-driven
systems. Theoretical models normally examine the
stationary rf sheaths under assumption that electrons
are involved only in the forced oscillations at a basic
frequency imposed by the driving rf potential. Here,
we examine an initial stage of the sheaths formation
and show that there also arise the eigen oscillations
inherent to the bounded plasma.

A “matrix” sheath model is considered, with
initially uniform distributions of electrons and ions
(n. = n; = n = const) between two plane electrodes
spaced L apart and powered with voltages

V., =%(V,/2)sinwt . An ambient magnetic field B,

is applied in parallel with the electrodes. Assuming
immobile ions, the electron motion was computed
considering the events of breaking of the electron
“box” away from the electrodes at appropriate
voltage phases.

Temporal evolution of widths of the sheaths,
s12(f), is shown in Fig. 1, for the collisionless and
collisional cases. One can see that, against basic
oscillations at the driving frequency @, there arise
faster HF oscillations at a frequency @yr = 6@. As
seen from Fig. 1, a, after a few breaks of the electron
box from the electrodes, there sets a quasi-stationary
regime (d=s;+ s, =const) where the sheaths are
asymmetric and not collapsing to zero. The peak-to-
peak amplitude of the plasma field oscillations is
found to be determined by excitation of the HF os-
cillations, and is about 10 V/cm, twice less than in
vacuum. As seen from Fig. 1, b, the HF oscillations
die out with time due to collisions, i.e., are transient.
In the quasi-stationary regime, there arise substantial
ion gaps near the electrodes, and the sheaths are
almost symmetric. The plasma field is quite small in
this case, below 2 V/cm.

The origin of HF oscillations can be understood
from equation for the sheath width variation with
time

5, + Q05 =—(eV, /mL)sinax + @, (d* / 2L),

where Q. =[), +a);e(d/L)]”2 is the frequency of

u

the “geometrical” upper hybrid resonance.
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Fig. 1. Sheath widths and their sum, with collisions ne-
glected (a) and included (). @27 = 100 MHz, n = 1-X
x 10" em™, By=100 G, V5=10 V,and L=1 cm.

This frequency is close to the frequency of com-
puted HF oscillations in Fig. 1, £2,c = @y, and is an
analogue of the “geometrical” resonance (plasma)
frequency at zero magnetic field, ax = a)pe(d/L)l/ 212].

The oscillation spectrum computed with the PIC
code is shown in Fig. 2. Except for the peak at the
driving frequency of 100 MHz, there is also a peak
at 800 MHz, which fits to the geometrical upper
hybrid resonance, and a peak at 9 GHz, which is
close to the upper hybrid frequency f,,. The above
model clarifies the first, but not the second peak.
The latter apparently appears due to effects of elec-
tron thermal motion and ion dynamics.

1E+01 oY {fe
1.E+00 - e '
- - i i ‘\ a
5 1.E-01 . i
o 1.E-02 4 L A andih
1.E-03 - Tﬁir,q:‘m.
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1.E+07 1.E+08 1.E+09 1.E+10
Frequnecy [Hz]

Fig. 2. The oscillation spectrum from PIC computations.

1. T.Matsuoka, I. Funaki, T.Nakamura ef al., Plasma
and Fusion Research 6, 2406103 (2011).

2. G. Bekefi, Radiation processes in plasmas (Wiley,
NY, 1966), Chap. 5.
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APPLICATION OF GENERALIZED FUNCTIONS TO OBTAIN THE SYMMETRIES
AND EXACT SOLUTIONS OF THE KINETIC PLASMA THEORY MODELS

V. B. Taranov

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

Kinetic plasma theory models are based on the
Vlasov - Maxwell integro differential systems of
equations. No general algorithm allowing us to find
their symmetries exists. On the other hand, we can

consider the cold plasma limit of the kinetic theory, i.

e. to look for solutions with particle distribution
functions being sharp in velocity space.

(e rv) = n (6. r)d(v — (L, r)).

In this case, integro differential system is reduced
to the finite system of partial differential equations
for the densities n.(f,r} and main velocities
u,(t,r) of plasma components numbered by the
indexa=1,...,N.

From the physical point of view, cold plasma
limit is an approximation describing the situation
when phase velocities of plasma waves are much
larger than thermal velocities of particles.

From the mathematical point of view, such solu-
tions form a sub-manifold of exact solutions which
are simpler and more symmetric than general solu-
tion. Their continuous symmetry transformations
can be obtained by the use of standard programs of
the Maple 15 package even for the spatially three
dimensional models. Then, general kinetic theory
symmetries can be deduced.

Many 3D collisionless plasma models were con-
sidered in this way, some results are presented in [1].
General kinetic theory symmetries as usual include
time shift and Euclidean group transformations —
space shifts and rotations.

pod L_9

=z oo
—_— E+ i+£ _+B i
F=rxgptvrg tEXGptBXap

In addition, specific scale transforms were found
for different models which determine the corre-
sponding similarity laws. In the presence of the con-
stant spatially homogeneous external magnetic field
only rotations around its axis remain.

As a consequence of the symmetries, invariant
solutions exist [1, 2] which contain the spiral waves,
spherically symmetric rotating solutions as well as
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the usual BGK equilibria widely discussed in the
literature.

Infinite system of partial differential equations
for the moments of distribution functions reduces to
the finite one also in the water — bag model. Instead
of 6 functions of the cold plasma limit, another gen-
eralized functions, step or 0 functions determine the
particle distributions. Namely, in the simplest spa-
tially one dimensional case, we look for solutions of
the form

Fle.x.v) = fy (8(v —u (t.x)) — 0(v —uy (e, x))

From the physical point of view, this is the rough
approximation which allows us to model finite tem-
perature plasma. As for mathematics, such solutions
represent the another sub-manifold of exact solu-
tions satisfying the finite hydrodynamic system of
partial differential equations with pressure density
proportional to the cube of particle number density.

The sub-manifold of water bag solutions is less
symmetric than the cold plasma one, but can help us
to find symmetries in the case when the cold plasma
symmetry group is too large for the Maple 15 pro-
grams (for example, infinite dimensional).

Finite sums of & functions containing terms were
also used recently [3] to simplify integro differential
equations for the distribution function of the soliton
gas. In the sufficiently dense soliton gas inverse
scattering problem eigenvalues of solitons are dis-
tributed in space and time. The corresponding distri-
bution function was presented by the sum of 6 func-
tional terms very similar to the cold plasma limit
expressions. In this way, the model was reduced to
the reasonable system of partial differential equa-
tions which can be solved analytically or at least by
the numerical methods. So, the previous results of
the rarefied soliton gas theory were generalized.

1. V.B. Taranov, in Proc. of the 7" Int. Conf. “Electron-
ics and Applied Phys.” (Kyiv, 2011), p. 188.

2. B.b. TapanoB, y Vkp. xowug. 3 ¢isuxu niazmu ma
Keposanoeo mepmosioeproco curmesy (Kuis, 2011),
c. 54.

3. G.A.El M.V. Pavlov, and V.B. Taranov,
http://xxx.lanl.gov/PS_cache/arxiv/pdf/1105/1105.485

9vl.pdf
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TWO-DIMENSIONAL BRIGHT VECTOR SOLITONS
A. I Yakimenko'?, K. O. Shchebetovska', S. I. Vilchynskii', M. Weyrauch®

! Department of Physics, Taras Shevchenko National University, Kyiv
? Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
3 Physikalisch-Technische Bundesanstalt, Braunschweig, Germany

Propagation of bi-color laser beam in plasma pro-
vides an important example of multicomponent
nonlinear system with tunable cross-interactions [1].
Depending on a frequency difference, the cross-
focusing or cross-defocusing is observed, while the
self-interactions remain focusing. As was predicted in
Ref. [1], the balance between the competing nonlin-
earities can stabilize the system and result in a dy-
namical guiding of multi-color laser beam. However,
a symmetry-breaking azimuthal instability destabilize
vector solitons, as was demonstrated in Ref. [2]. A
complete stabilization of vector solitons is expected in
nonlinear media with additional potential trap, which
is a typical for experiments with Bose - Einstein con-
densates (BECs) of dilute atomic gases.

Multicomponent BECs open intriguing possibi-
lities for a number of important physical applications,
including coherent storage and processing of optical
fields, quantum simulation, quantum interferometry,
etc. Experimentally, multicomponent BECs can be
realized by simultaneous trapping of different species
of atoms or atoms of the same isotope in different
hyperfine states. Theoretical models of multicompo-
nent BECs in the mean-field approximation are for-
mulated in the framework of coupled Gross - Pi-
taevskii (GP) equations and the order parameter of
multicomponent BECs is described by a multicompo-
nent vector.

In present work we perform a theoretical analysis
of two-dimensional soliton-soliton matter-wave
nonlinear structures for attractive intra-component
interactions and different signs of inter-component
interactions. General properties of the steady states
are investigated analytically by means of variational
analysis and compared with numerical simulations.
The existence and stability domains of soliton-
soliton matter-wave vector solitons are found.

We consider the case of dilute atomic gas with
two-particle collisions. In this case two-component
BEC can be described in mean-field approximation
by system of GP equations:

2
ih%{—%vﬂwmgn 1Pz Y 2} i,

2
hai{ h

Y sz Vo (1) + 201 [P P +220 [P 2} ¥,

where

Ve =M ;> (x> +y*) 124 M ;0.7 2* /2,
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where M; is the mass of the atoms of j-th sort. We
assume that w,>> w,, w,, so the longitudinal coordi-
nates can be excluded for such a “pancake”-like
potential trap. As the result, the radially-symmetric
stationary soliton-soliton pairs are described by the
set of equations of the following form:

” 1 ’
WVt o+ oy Py =0,

where j =1, 2, 14 is a chemical potential of j-th com-
ponent, ¢ is the strength of the inter-component in-
teractions. Note that both attractive (¢ < 0) and re-
pulsive (o > 0) cross-interactions can be experimen-
tally realized using a Feshbach resonance.

[-T-1-)
[
| il g AT X Sl T h

Snapshots for two-component BEC density distribution
with 6 = -0.5, p; = -1.5, w, = 2. Soliton-soliton pairs are
unstable with respect to azimuthal mode L = 1.

In conclusion, it was shown that for attractive in-
tercomponent interaction solutions are stable in the
whole existence region. For repulsive cross-
interaction both stable and unstable evolution sce-
narios are possible depending on number of atoms
N;=<yjw> in each component. It was found that
vector solions are unstable with respect to collapse,
if N > N (where N.,= 11.7 is number of particles in
single fundamental 2D soliton). It was shown that
soliton-soliton pairs can be unstable with respect to
small azimuthal perturbations proportional to
exp(iLp) with L = 1, 2 only (Figure). We predict by
linear stability analysis and by direct numerical ex-
periments a condition for stabilization of soliton-
soliton pairs.

1. S.Kalmykov, S.A.Yi, and G. Shvets, Plasma Phys.
Control. Fusion 51, 024011 (2009).

2. A.L Yakimenko, O.O. Prikhodko, and S.I. Vilchyn-
skyi, Phys. Rev. E 82, 016605 (2010).
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BECKAIIEJIbHBIN HJIA3MEHHLIﬁ METAJIJIM3ATOP
JJIsI HOTPEBHOCTEN HAHOQJIEKTPOHUKU

A.T. Bopucenko

Hnemumym sioeprux uccnedosanuti HAH Yrpaunwl, Kues

BrimonmHeHHBIE AKCIIEPUMEHTAIBHBIE HCCIIENO-
BaHUS IOKa3alH, YTO JYTOBOM paspsja B mapax Ma-
Tepuana aHoja, Omarogapsi auddysHON mpuBsA3Ke
paspsizia Ha aHOJE M MCIIAPEHHI0 pabodyero marepu-
ana W3 IIHPOKOM 30HBI, CO3/aeT OecKareabHbIe
mia3MeHHele notoku [1, 2]. B mmpoko ucnois-
3yeMOM AYyTOBOM pa3psilie B Mapax Marepuaia Karo-
Ja TpoTeKaromue (U3NYECKHe MPOLECChl TaKOBBI,
YTO JeNaroT Hen30eKHBIM MPHCYTCTBUE B CO3/aBae-
MBIX TIIa3MEHHBIX TOTOKaX KarelbHO-KIacTepHON
(hazer MmaTeprana karona. Kak mokasanm mccrienoBa-
HUsI, pa3Mephl Kameinb MOTYT ObITh OT €IUHHMI JI0
JIECATKOB MHMKpOH. Mcmnonb3yemMble pa3muyHble Me-
TONBI CeMapalyy MOTOKOB HE TOJNBKO yHAJSIOT Ka-
nenpHyo ¢asy, HO U 3HAYHTENLHO OCJIAONSIOT WH-
TEHCUBHOCTh OT()MIBTPOBAHHBIX IIa3MEHHBIX IIO-
TOKOB [3]. B myroBoM paspsne B mapax marepuaina
aHOJIa pean3alisl PeKUMOB C KalleJIbHOW (pakiuei
IPU YKa3aHHBIX pa3psIHBIX TOKaX MpPaKTHYECKU
OTCYTCTBYET. DTOT (PAKT SABISIETCS MPUHIMITAATBHO
BOXHBIM M JIeaeT BO3MOXHBIM HCIIOIb30BAHNE
JAHHOTO TUIa pa3psAla B pa3IMYHBIX IUIa3MEHHBIX
TEXHOJIOTUSAX ISl TOTPEOHOCTEH HAHORIEKTPOHUKH.

Hamu 6putn miccienoBaHbl BOZMOXKHOCTH HCTOY-
HUKa TAKOTO THIA JIJIs1 CO3/IaHus MIa3MEHHBIX ITOTO-
KOB pa3HbIX MeTauioB. ClenyeT OTMETHTh, U4TO pa3-
PS co3maBalics B YMCTHIX Tapax METaloB Oe3 Ha-
MycKa ra3a M NpH JaBJIeHUH B BaKyyMHOH Kamepe
nopsaaka 1107 Ila u mmxe. Ha pucynke mpuse-
JI€HBl 3aBHCHMOCTH CKOPOCTEH pOCTa OCa)IaeMbIX
MIOKPBITHHA () OT BEJIMYWHBI TOKA pa3psia Ui HC-
MOJIb3YEMBIX B KauecTBe pabodyero Marepuaia Meau,
TUTAaHA U HUKEIS B TUara3oHe pa3psgHbIX TOKOB 5 -
15 A. BuaHo, 4T0 110 aOCOIIOTHOI BEJIWYMHE B IHa-
Ma30He YKa3aHHBIX Pa3psSAHBIX TOKOB OHH COCTaB-
ot 0,3 - 0,8 HM/c. Takum 00pa3oM, HCIIOJNIB3YS
JyTOBOH pa3psi/ B Mapax Marepralia aHOJHOTO AJIeK-
Tpoma ¢ Tokamu g0 10 — 15 A MOXHO HaHOCHUTH
Me/Hble, TUTAaHOBbIE W HUKEJEBBIE MOKPHITUA Ha
METAIIIMYECKHE, TOIYNPOBOAHUKOBBIE M JIHIJIEK-
TPUUYECKUE TIOUIOKKH CO CKOPOCTSIMHU HX POCTa TI0-
panxa 3 - 10 A/c. Tlockonbky B HAaHOAIEKTPOHHKE
HCIOJIB3YIOTCSl METANINYECKUE TIOKPBITHS C TOJIIH-
Hoit 100 - 1000 A, a B HEKOTOPBIX CTydasX ¥ MEHb-
e, TO peanu3yeMble 3HaueHUs q SBISIOTCA ONn3-
KUMH K ONTHMAaJbHBIM. YBEIWYEHHE TOKa paspsnia

COIIPOBOXK/IAETCS POCTOM CKOPOCTEH OCaMJIeHHS (.
Obpamtaer Ha ce0s BHUMaHue TOT (aKT, 4TO B Iua-
nasoHe OOJIbIIMX 3HAa4YeHWi lp, yBenudeHnue q Uit
MeIM M TUTaHa C POCTOM Pa3psiIHOTO TOKA IPEBBI-
LIAET JUHEUHBIA POCT.
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3aBUCUMOCTh CKOpOCTGﬁ pocTta HOKpI)ITI/Iﬁ MEIH, TUTAHA
1 HUKEJIA OT BEJIMYMHBI TOKA pa3psija.

B 1O Xe Bpems 1 HUKENs pOCT ( SABIAETCA
ONMU3KUM K JTMHEHHOMY, XOTSl BCE K€ U OOHapyKu-
BaeT TEHACHIHUIO K 3aHIKEHHBIM 3HadeHUsM. IIpu-
BEJICHHbIE JaHHbIE /I pa3HbIX padoumx Mmare-
pHAJIOB MOKAa3bIBAKOT JIBE Pa3HbIC TEHIECHLUU B U3-
MEHEHHH CKOPOCTH pOCTa OCAXKJAEMBIX IHMOKPBITHH
OT BEJIMYMHEI TOKA paspsna. [Tockonbky BenmndnHa q
ABJISICTCS OJHUM U3 HanOoJjee BaKHBIX TapaMeTpoB
B TEXHOJOTMYECKUX IpOIeccax, AETaIbHOE H3yde-
HHE 3TUX OCOOCHHOCTEHl MpeiCTaBiIseT OIlpele-
JICHHBIH NPAKTHYECKUI HHTEPEC U MOXKET OBITH 00b-
€KTOM JIOTIOJIHUTENIBHBIX UCCIIEA0BaHUI.

IIpencraBieHHBIE pe3ynbTaThl MOKA3bIBAIOT BO3-
MOXHOCTb IPAKTUYECKOT0 HCIIONb30BAaHUS HCTOY-
HUKOB OecKameNbHbIX IUIa3MEHHBIX IIOTOKOB Ha
OCHOBE HECAMOCTOATENBHOTO IYrOBOTO pa3psala B
mapax marepuana aHoJa JUIsl HAaHECEHUS TOHKHUX
IJICHOK B TEXHOJIOTHUSIX HAHORJIEKTPOHUKH.

1. A.G. Borisenko, A.V. Kravchenko, and V.A. Saenko,
Instruments and Experimental Techniques, No. 2,
p. 257 (1992).

2. A.G. Borisenko, V.A. Saenko, and V.A.Rudnitsky,
IEEE Trans Plasma Science, 27, No. 4, p. 877 (1999).

3. B.M. Xopommx, A.A.Komaps u M.A. bpoBuHa,
Oduznyeckass HHXKEHepUs NOBEpXHOCTH, 7, No 1-2,
c. 54 (2009).
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MHNOJYUYEHME HAHOPA3ZMEPHBIX AJIMA3OIIOAOBHBIX IIVIEHOK
n uX ®U3NYECKUE HUCCJIIEJOBAHUA

E.T. Kocnml, b.I1. Ho.11030131, 0. A. CI)ezlopOBnql, . E. Mammz,
B. K. Cepnera’, IT. K. CaBenkos’, B.B. Bypaun®

" Hnemumym aoepuvix uccneoosanuii HAH Yipaunvi, Kuee
2 Unemumym gpusuxu nonynposoonuxos HAH YVipaunsl, Kues
3 HTL] «Kpunmony, Kueg
* Unemumym npo6rem mamepuanosedenus HAH Yipaunvi, Kuee

B cBsi3u ¢ yHUKaNIBHBIMH (PU3UKO-XUMHUECKUMHU
CBOMCTBaMHU HCKYCCTBEHHBIX aJIMa30B BO3POC MHTE-
Pec K X CHHTE3Y M UCCIIEIOBAHUIO.

B MWucturyte dnepueix uccnemoBanuit HAH
VYkpaunsl Obiia pazpaboTaHa, H3TOTOBJICHA U HUCITBI-
TaHa yCTaHOBKAa JUJIsI MOJyYEHHUsS ajIMa30Il0J00HBIX
rwieHok (AIIIT) u3 razoBoii ¢as3el. OcHOBOH ycTa-
HOBKH €CTh JAMOJAHBIM BBICOKOYACTOTHBIM paspsn
(13,56 mI'm) B ympaBisieMOM CKPEIICHHOM MAarHUT-
HoM mone. Paspsim Bo3Oyxknmancst B cmecsix H,+
+ (2 - 10) % CH4 unu CH4+ H, +Ar B pa3HBIX mpo-
opuusx. Paboune maBiieHust B Kamepe COCTaBIISUIIA
10"- 107 Topp. Tok paspsima peryampoBaics OT
4 no 8 A. HampspkeHue CMEIIEHUSI HU3MEHSUIOCH C
MIOMOILBIO TOCTOPOHHUX HCTOYHUKOB HAIPSKEHUS
or -200 no +400 B. [uamerp pabodero croinka
110 mm. C moMoOIIbI0 MOJUOJCHOBON CHHUpAIN H
CIENMAIbHOIO MCTOYHMKA MHUTAHUS MOIJIOKKOAEP-
JKaTesb HarpeBaics Ao temmepaTtypsl 700 - 1000 °C.
Temmeparypa moIOKKOAEpKATENs 0€3 MIa3Mbl U3-
MepsIach C MOMOIIBE TEPMOIAPHI UIH ONTUYECKOTO
nupoMerpa. JIONONHUTENBHBIM HarpeB IUIa3sMoOM
MOAJIOKKU TPU BKIIOUEHUU paspsia HU OJHUM U3
JIBYX METOJOB U3MEPUTH HE YAAIOCH.

IToOXKKM HMCHONB30BATUCH M3 PAa3HBIX Mare-
pHAJIOB: MOHOKPEMHHUM C pa3HOM OpuEeHTanuel ocei
KpUCTAJUIOB, TPaBJICHBIH KPEMHH, KBAPIIEBBIC IJa-
CTUHKH, HUKenh, monuomeH, Al,O; m mp. Bpewms
9KCIIO3UINH B CBA3M C HU3KMMH CKOPOCTSIMU CHHTE-
3a U3MEHAJIOCh OT HECKOJbKHUX 4acoB a0 30 - 40 u.
Ilocne nosmydeHHs IUIEHOK NPOBOAWINCH MX HCCIIE-
JIOBaHMSI C TOMOIIBIO ONTUYECKOH M 3JIEKTPOHHOM
MUKpPOCKOIIUM, METOJOM MOJYJIALIMOHHOM MOJISpH-
3allMU 3JIEKTPOMArHUTHOTO U3JyYEHUS, PEHTTCHOB-
CKOTO aHajHh3a, Ha aTOMHO-CHJIOBOM MHKPOCKOIIE,
MUKpOHHTEp(EepoOMeTprH, a TaKkKe H3MepsIach
3JEKTPONPOBOIHOCTh IMJICHOK.

HccnemoBanne Ha ONTHYECKOM MHKPOCKOIIE
«buonam - M» ¢ tudpoBoii Kamepol IIT MHUKpO-
ckonna DCM 510 u mukpounTepdepomerpe JInaam-
xka MUU-4 nanu BO3MOKHOCTh MCCIIENOBATH JIMHEH-
HbI€ pa3Mepbl U BBICOTHI OTJENbHBIX KPHUCTAJUIOB.
JInnelinple pa3Mepsl OTAEIBHBIX KPUCTAIIOB JOCTH-
ranu 50 MKM, a TOJILIMHBI IUICHOK KU BBICOTHI KpPU-
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CTaJVIOB W3MEHSUIUCh B 3aBUCUMOCTH OT BPEMEHHU
skcno3uimu ot 0,2 1o 50 mMxm. [BeT kpucTaIIMKOB
M3MEHSJICS OT KpacHoro o ¢uoneroBoro. Ho
OOJIBIIMHCTBO KPHUCTAJIOB MMEIH OCNbIi WiH dep-
HBII MBET. BoJbIIe KPUCTAIIBI COCTOSITH M3 OOJIb-
[IOTO KOJIMYECTBA MAJIBIX, KOTOPBIC CPACTAUCh CO
BPEMEHEM HKCIIO3UIINH.

MonynauuoHHas TOJSIPUMETPUS  DIIEKTpoMar-
HUATHOTO H3JIyYCHHUS Jajia BO3MOXKHOCTH IOIYYUTH
CICKTpaJIbHBIC XapaKTepUCTHKU oTpakeHus Al B
nuamna3ode auuH BoaH 420 — 1000 um. YactuyHo
pe3yabTaThl TaKWX HCCIIECMOBAaHWN ommcanel B [1].
YCTaHOBIEH PE30HAHCHBIA  XapakTep B3aWMO-
JNEUCTBUSL HU3JIYYEHHUsS] C DIEKTPOHHOM CHUCTEMOU
IJICHOK. BEBISBIIEHO KIIACTEPHYIO CTPYKTYPY TUICHOK.
HaGmomaeTcst xopoiiiass BOCIHPOU3BOAMMOCTD Pe-
3yJbTaTOB Ha IUICHKAX, MOJIYYCHHBIX TIPU TEX JXKE
YCIIOBUSIX B pa3pse.

HccnenoBanusi HA aTOMHO-CHJIOBOM MHKPOCKOTIE
mokasanu, yto cruromrHas AIIIl cocTtout u3 HaHO-
pa3MepHBIX KPHUCTAIJIOB C JIMHEHHBIMU pa3MepaMu
0,06 - 0,1 MKM ¥ pa3HOCTHIO B BBICOTax ~5 - 8 HM
(axcmo3urust ~6 4, Hanecenue AIIIl Ha KBapIieByIO
TUTACTUHKY 0e3 0c000l MOATrOTOBKH) (PUCYHOK).

Uzobpaxenue HanocTpykTypsl AIII, nonyuennoe
Ha aTOMHO-CHJIOBOM MHKPOCKOTIE.

PentrenoBckuii amanus AIIIl mokasan Hammnudue
MHUKOB, XapaKTEPHBIX IS aJMa3HbIX IJICHOK, a TaK-
e JUIsl MaTepuasia MoJ0KKHU.

1. JI.C. Makcumenko, W.E. Matsimm u C.II. Pynenko u
op., B Tp. XII MeocoynapooHoii HayuHo-npaxkmuye-
ckou kongh. «Coepemennvle uHGOpMAYUOHHBIE U
anekmponHvle mexronozuuy (Ooecca, 2011), c. 274.

109



AHOTALIIl POBIT

COIIOCTABJIEHUE SKCHEPUMEHTAJIbHBIX KO3®OUIUEHTOB PACHAJIA
IIVIOTHOU IJIAZMbBI UMITYJIBCHBIX PA3PA10B B BOJE
C PACCYUTAHHBIMHA IO CYHECTBYIOIIUM TEOPETHUYECKUM MOJIEJISIM

0. A. ®enopoBuy, JI. M. BoiiTenko

Hnemumym sdeprvix uccnedosanuti HAH Yrpaunvl, Kueg

B nocnemnue roapl BO3poc UHTEPEC K Ipolieccam
peKOMOMHAIIMY HEWIealbHON Ia3Mbl. B rmioTHoM
I1a3Me 3KCIIEPUMEHTAIBHO MOYKHO TMOIYyYUTh TOJb-
KO KO3 uIMEeHTH pacnaza IUIa3Mbl, MOTOMY YTO
IIPU MMITYJILCHBIX pa3psjiax B BOJC B ILIa3MEHHOM
KaHaJie BO3HUKAIOT JaBJIEHUS 10%-10* Oap u Temrie-
patypsr 5 - 45 - 10° K. TIpi 5TOM HOpOMCXOIUT HH-
TEHCUBHAsI HOHU3AIUA U €€ He0OXO0MMO YUUTHIBATh
IpH pacueTax Ko3QPHUIMEHTOB pEKOMOWHAITIH.

CornacHO TPHWHLHUITY JETAIBHOTO PaBHOBECHS
ko3 uimeHt pacnaga K onpenensercs 1o Ghopmy-

dN N
ne K= 2 _Yap_g.n . Tlo dopmyne
dt-N? N, '
dN,
K:W MOYHO DKCIIEPUMEHTAIBEHO ONPEIeITHTh

e
ko3 puIMeHT pacnana, riae N, — KOHIEHTpAIUs
JNIEKTPOHOB; b —KOdPPUUMEHT HoHM3aIMK; N, —
KOHIIEHTPAIMSI UOHOB; 0 — KOOPPHUIIMEHT PEKOMOU-
Hanmy. PaccunuraB X0l KOHLIEHTpALUU 3JIEKTPOHOB
BO BpeMeHH momydaroT K, mpu ycioBuW, 4TO HeET
JOTIOJHUTENIFHOTO BKJIaJa SHEPTUU B IUIa3MEHHBII
KaHaJI, a KOHLUEHTPALUs 3JIEKTPOHOB YMEHBIIAETCS
CO BPEMEHEM.

[lonyyena skcrepuMeHTaNbHAs 3aBHCUMOCTH K
OT CTENEHU HEeUAeaIbHOCTH IuiasMsl mpu I' = 0,2 -
4,5. Cravana 3Ha4eHus1 K pe3ko yMeHbIIaoTcsa Ipu
yBenmuuernu I' ot 0,1 go 0,3 Ha Tpu nopsanka. Ilpu
Bo3pactanuu I' ot 0,3 no 0,7 3Hauenus K HaunHaroT
YBEIUYMBATHCS TOYTH Ha MOPSAAOK, MPOXOJAT MaK-
cuMyM U Tipu yBenmueHnun I” ot 2 go 4,5 Habmona-
€TCsl MeJUICHHOE yMEHbIIIeHHe Kod(pHUIMeHTa pac-
majga Ha TMOpAnoK. KauecTBEHHO 3TH pe3ynbTaThl
COBIMAJAIOT C TEOPETHYECKH PACCUYUTAHHBIMH pe-
3ynbratamu o padote [1]. Ho xonuuecTBeHHO ecTb
pacxoxaenus. IIpu I' < 1 skcniepumeHTanbHbIE 3HA-
yenus K Ha 2 mopsinka HUXKe, 4eM TEOPETUIECKUE, a
npu I' = 3,3 onu coBnanarot. [laneHeiimee yBennde-
Hue ' IpUBOIUT K TOMY, YTO TEOPETUYECKUE 3HAUE-
HUSL CKOPOCTH PEKOMOWHAIINU CTAHOBSITCSI MEHBIIIH-
MU, YeM IKCIIEPUMEHTAIbHBIE (PUCYHOK).

PacuerHble 3HaueHHUS KOAPDUIIMCHTOB pEKOMOU-
Hanmu 1o (opMysaM, NMPHUBEJICHHBIM B padote [2],
Ha HECKOJIBKO MOPSAAKOB BBIIIE SKCIIEPUMEHTATBHBIX
3HaueHuiH. B 3TOl paboTe ydTeHO BIHUSHHE DIICK-
TPUYECKUX MHUKPOIIOJIEH Ha HEepeann3aluo BEPXHUX

YpOBHEH B aToMax MpH OONBIIMX KOHLIEHTPALHUIX
3JIEKTPOHOB U MPHUBEICHO TPH (HOPMYJIBI AT KOA(P-
(UIIMEHTOB PEKOMOMHAITMK B 3aBHCHUMOCTH OT .
PacuerHble 3HaueHUs UAYT MapajIeNbHO 3KCIEPH-
MEHTAIBHBIM M, KpoMe MalbIX [', HEMII0OX0 ¢ HUMHU
COTJIACYIOTCH.

CpaBHEHHE C pacYeTHBIMH 3HAUYEHUSMH 10 pabo-
Te [3], moKa3BIBaeT, YTO HEMJIOXO OIHUCHIBAIOTCSA
SKCIIEPUMEHTAIBHBIE PE3yJibTaThl 10 pacrHaxy He-
U7eanbHON Miua3Msel npu 3HaueHusx ' = 0,5. Cneny-
€T 3aMeTHUTh, YTO B pabote [3] ObuTM chenmaHbl pac-
YeTHI JUIsl YJIBTPAXOJIOJHON IIIa3Mbl METOJOM MOJIE-
KylsipHod auHamuku. IIpm manbix 3HaveHusx I
HaOmoaercss OoJblee PacXOXKICHUE, YeM IO pac-
getam JlankuHa - Hopmana [1].

Koodduument pacnazna, cm’ ¢’
1E-6 v -

Y
1E7 | W20 mem, 30kB, 100 mm
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o " @ Teopusa NaHkuH-HopmaH

Z L '; Teopws 3eneHep n ap.
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1E-12
1E13 -""'x‘.','_'-z-..____ __ 320 mkm, 20KB, 140
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Crenenb HeugeanbHoCTH [
3aBHCHMOCTh 3KCIIEPUMEHTAIBHBIX U TEOPETHUCCKUX
3HaYeHUHA KO3(D(PUIIMEHTOB pacraga B 3aBHCUMOCTH OT
CTCIICHU HEeUCAThbHOCTH TUIa3MEI.

[To MHEHHIO aBTOpPOB, TaKOE PACXOXKIEHHE CBS-
3aHO C TE€M, YTO B TEOPETUYECKUX pacueTax He y4u-
THIBAIOTCSI: OOJBIIIOE YIIMPEHHE IUHHI, 3PQPEeKThI
«HepeaTn3alum» ypoBHEH aTOMOB B CHIIBHBIX MHK-
POIOJISX HEWlealbHON TUIa3MBl U, COOTBETCTBEHHO,
NpoIaJlaHie YPOBHEH Ha KOTOpBIE BO3MOXKHA pe-
KOMOWHAITHS DJICKTPOHOB.

1. G Lankin, Contribution to Plasma Physics 49, No. 10,
p- 723 (2009).

2. M.IO. Pomanogckwuii, XJKOT® 114, Beim. 4, 1230 (1998).

3. A.A.Bbo6pos, C.J. bponun, b.b.3emenep u Op.
XKOT® 139, Beim. 3, ¢. 605 (2011).
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ELECTRON BEAMS FOCUSING BY PLASMA LENS WITH POSITIVE SPACE CHARGE

I. V. Litovko', A. A. Goncharov’

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
? Institute of Physics National Academy of Sciences of Ukraine, Kyiv

The physical principle of electrostatic plasma
lens (PL) for focusing intense negatively charged
particle beams is based on magnetic isolation elec-
trons providing creation of a dynamical positive
space charge cloud in shortly restricted volume
propagating beam. The original device has been
designed for this purpose and has been investigated
both experimentally and theoretically [1, 2]. It was
shown this method allows reaching focusing electric
field about 400 V/cm. Such electric field strength is
sufficient for creation of short-focus elements to be
used in systems for manipulating intense beams of
negative ions and electrons. Here is presented the
new results of theoretical and computer simulations
of intense electron beam focusing by PL with posi-
tive space charge cloud produced due to the cylin-
drical anode layer accelerator creating a positive ion
stream towards an axis system.

For correct description of such kind system we
must solve equations for ions and electrons parts
together. Thus system of equations include Poisson
equation: Ap = p /€, where ¢ — is the electric po-
tential, p = (p; - p.) — space charge density, p;, p. —
ion and electron density, ¢ — the permittivity; parti-
dv, _ O,
—t—Vi(E+[v‘.><B]) )
where E — the electric field, B- the magnetic induc-
tion, v;, m; and Q; — the velocity, mass and charge for
particle of kind i (namely ions and electrons); and
the law of charge conservation V-;=0. For trans-

cles movement equations:

port high-current beams we need take into account
the importance the space charge of the particles in
addition to the external fields and the magnetic self-
field that may influence the particles themselves.
The finite difference method is used for the discreti-
sation of equations system. For solution of the set of
algebraic equations an iterative point-to-point re-
laxation method is applied with using seven point
differential schemes.

As first step were solved equations for ion’s part
and as result — obtaining stable positive charge cloud
inside PL. The Ar+ ion beam with total current
20 mA and maximal energy 2 keV (with narrow
energy and angle distribution) had been used for
stable positive charge cloud creation (the maximal
cloud potential is 580 V). Next step was launch e-
beam through the cloud with obtained potential dis-
tribution. An iteration method with relaxation of
potential is used to find the self-consistent solution.

IOPIYHUK - 2011

We have simulated the transport of electron beam
with energy (Eyp) 5 keV, transverse energy (Ey) 5 eV,
current (I,) 0.1 - 1 A, magnetic field (H) 100 Oe in
according with experimental conditions [3]. The
simulation results are shown in Figure.

VIl N Y .
1 - L L

s Lt

',-..f.-."«'::-l,'l.'- A ?‘P’.‘L'I"-’,"r',‘_l =HaVrI=1n
Fig. 1. Electron beam trajectories
for I, = 0.1A, 0.3A and 1A (from top to bottom).

One can see that if for small current (<300 mA)
beam focusing is saving but strong current beam
destroy cloud in short time and diverge. Ar+ ions,
coming from lens electrodes has time for space
charge cloud density renew for small current e-beam
(<300 mA). With current increasing (~300 mA)
some part of ions comes out from cloud with e-beam
that decrease cloud potential, as it could seen from
middle image and maximal cloud potential reduces
to 396 V. For high current (>500 mA) significant
part of cloud particles carry out by e-beam and in-
coming Ar+ ions couldn’t reconstruct the cloud thus
it destroys and PL focusing properties has been lost.

Simulation results have shown that such kind
cloud could use for manipulating intense beams of
negatively charged particles.

1. A. Goncharov, S. Dunets, A. Evsykov, and I. Litovko,
Adv. Appl. Plasma Sci. 7, 31 (2009).

2. A. Goncharov, A.Evsyukov, and I. Litovko, IEEE
Trans. Plasma Sci. 37, 1283 (2009).

3. A.Dobrovolskiy, S.Dunets, A. Evsykov et al., Rev.
Sci. Instrum., 81, Issue 2B, 704 (2010).
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TEPMO30OH/]] 3 HU3bKOUYACTOTHOIO MOIYJIALIEID CTPYMY EMICII

JI. 1. Pomanwok, B. M. Cnoboasin, B. ®@. Bipko

Incmumym adeprux docnioxcens HAH Yrpainu, Kuig

BusHaanM MeTOsOM BHMIpIOBaHHS TMOTEHIIIATY
MIPOCTOPY B IUIA3Mi € eMICIHHUN po3KapeHUil 30HI,
CIOCOOH 3aCTOCYBaHHS SIKOTO TMOCTIHHO BJIOCKOHA-
moroTecs [1]. OcHOBY MeTOy CTaHOBHUTH NMPHUPOJIHA
BIIACTHBICTh MPUIIMHEHHS CTPYMY €JIEKTPOHHOI eMi-
cii 3 po3kapeHoi poO0UO0I MOBEPXHI 30HAA JO OTO-
YyI04O0i IUIa3MH TPH 3PiBHIOBaHHI (Ta MOAAIBLIOMY
TIepPEeBHINEHHI ) TIOaHO1 HA 30H HAMPYTH 3 TOTEHIIi-
aJIoM TIIa3MH B IaHOMY MicIi. TakuM 9nHOM, came y
¢bikcyBaHHI (aKkTy NPUIHMHEHHS CTPYMy eMicii Ta
SKOMOTa TOYHINIOMY BCTAQHOBIJICHHI BiJIIOBiTHOI Be-
JVMYMHY HANPYTH HA 30H1 i TOJIsTae mpoleaypa Bu-
3HAUYEHHS MOTEHIIIATy IPOCTOPY.

3amponoHOBaHUH MeETOX mependavyae BHUKOpPHUC-
TaHHS IS PO3KApEHHS 30HJa 3MIHHOI HANpyTH 3
YacTOTOI JOCTaTHBO HH3BKOI, 1100 3a0e3neunTH
BiJUyTHY MOZIYJIALIIO €IEKTPOHHOI eMicii 3 moBepx-
Hi BOJIOCKA TIOJBOEHOIO YACTOTOK. Taka MOTyJSIis
SIBIISIE COOOIO CBOEPIZHY MMO3HAYKY Ha MOPOJPKEHIH
EMICIEI0 CKIIAJIOBil 3arajibHOr0 30HJIOBOTO CTPYMY.
Buninupimm 3MiHHY 4acTHHY IIi€l CKIIaJ0BOI 3a J0-
MIOMOTOI0 By3bKOCMYTOBOTO CEJIEKTUBHOTO TPHIIAY,
MOkHa 3a(ikcyBaTH SK caM (hakT, TaK i MOMEHT
3HUKHEHHS BiJIIOBITHOTO CUTHATY, a TaKOX BiJIO-
BiJTHEe 3HAUEHHS MPUKIAICHOI IO 30Ha HATIPYTH.

3amponoHoBaHa METOJIMKA 3aCTOCOBaHA B ILIa3Mi
TeNIIKOHHOTO JDKepesa 3 TUIAaHApHOK aHTeHOHo [2].
PanmiansHO pyXoMuid 30HII BBOJIWUBCS 10 TIAaTpyOKa y
HIKHBOMY Hepepisi cuctemu. HMoro poGoua uacTuua
ABJIsUIA COOOI0 METINIO 3 BOJIL(PAMOBOTO JIPOTY Aia-
MeTpoM 34 MKM Ta 3arajlbHOIO0 JOBXHHOIO 70 1 cM.
30HI Yepe3 pO3AUTBHHNA TpaHCHOPMATOP KUBUBCS
Bin HY reneparopa Hampyroro 3 vactoToro 18 I'm.
[ocriliHa perynroBaHa HaIpyra 3MIIIEHHS I10/1aBa-
Jacsi Ha 30HJA 4Yepe3 CHMETPU3YIOUMH TOIUTbHUK.
Hanpyra, nponopuiliHa 30HJOBOMY CTpyMy, IMOJia-
Bayacs J0 CEJIEKTUBHOTO MiKPOBOJIETMETpPA, HACTPO-
€HOTO Ha yacToTy 36 I'm, sSIKuif BUIIISIB, BUMIPIOBaB
Ta MiJCUIIOBaB KOpUCHUH curHai. [ligcunenuii cur-
HaJI BUOPSIMIISIBCSA Ta TOJaBaBCS HAa Y BXiJ JTBOKO-
OPIMHATHOTO CaMOTIHCII, Ha X BXiJl SKOTO IO/aBa-
Jacs Harpyra 3MilIeHHs 30H/1a.

TumoBi ymoBu excniepuMeHTy: THCK 3 MTop ap-
rony, BU moryxHicts 1 kBT, ryctuHa miasmum 1o
10" cm, Temmeparypa enekrponi (2 - 4) eB. Ha
puc. 1 HaBemeHO 3pa3Kd 3aJeKHOCTEH KOPHUCHOTO
CUTHAJly BiJl Halpyrd 30HAa NPU MarHiTHOMY IOJi
180 I'c mns pi3HMX paliadbHHUX IOJIOKEHb 30H[A!
l-r=6cm;2—-r=5cm; 3—r=2 cm. Ilo3nauku Ha
Cepe/IMHI CIAJalouuX JIIbHUIL MPaBUX TUIOK Xa-
PaAKTEPUCTUK BiANOBiAAIOTh 3HAYEHHSIM IOTEHLIATY

npocTopy. Ha miBHX Timkax BKas3aHi 3Ha4Y€HHS TIO-
TEHI[iaJTy IJIaBal0vY0ro 30H/a.

Ctpym ewmicii, /.y, BIITH. OZI.

15+ 2 .

10

o 1 L 1 1 L L L
-40 -30 -20 10 0 10 20 30
Hanpyra na 30u1i, Up, B

Puc. 1. 3anexxHOCTi CTpyMY €Micii BiJ] HANPYTH.

Ha pwuc. 2 maBeneni pe3ynbTyiodi pamiaabHi po3-
MOJIUTK TIOTEHIIay MIPOCTOPY IJIsl Pi3HUX MarHiTHUX
mouiB: (1) — B=90 I'c, (2) — B=180 I'c.

[Morenmian npocropy, V;, B
301 E— 1
25
20+
15} *
5T 7

0O 1 2 3 4 5 6 7
PanianbHa BificTaHb, #, CM

0

Puc. 2. PagiaibHi po3noiiy noTeHmiany rmia3Mu.

IepeBarn MeTOAy: MPOCTOTA, MOMIIUBICTH BH3-
HaueHHS MOTEHLIATy MPOCTOPY 3a OAWH LUKJ BUMi-
pIOBaHb, OAHO3HAYHICTH pe3yNbTaTy. BupimaibsHoro
MepeBaror € poboTa MpH HAWHIKYHX TEMIIepary-
pax po3KapeHHs, 110 3a0e3MeUy0Th X04a O CKiIbKH-
HeOyb BiMuyTHUH piBeHb emicii e 3HaYHO MO0B-
JKy€ TepMiH BUKOPUCTAHHS 30HJa, OCOOJIMBO B Tryc-
Ti miasmi. PakTopamu, MmO OOMEXYIOTh TOYHICTh
METO/y, € BEeIMYMHA TMaJiHHS HaIpyrd po3xkKapro-
BaHHS Ha 30HI Ta piBeHb HY mrymiB y mrazmi.

1. J. P. Sheehan, N. Hershkowitz, Plasma Sources Sci.
Technol. 20, 063001 (2011).

2. B. M. Cno6opsH., JI. . Pomantok ma in., y ll]opiunux -
2010 IA]] HAH Vkpainu (Kuis, 2011), ¢. 135.
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BILIUB PO3MIPIB TA KOH®II'YPAIII EJJEMEHTIB PO3PSJIHOI CUCTEMHA
I'EJIKOHHOI'O /UKEPEJIA 3 IINIAHAPHOIO AHTEHOIO HA YMOBMU 3BY/KEHHSA
TA XAPAKTEPUCTUKH HY KOJIMBAHBb Y PO3PSIJIHIN TIJIA3ZMI

B. M. Cro6oasHn, JI. 1. Pomaniok, B. ®@. Bipko, K. I1. [llampaii

Incmumym adepuux docnioscens HAH Yrpainu, Kuig

lenikoHHI MKepena 3 IIaHAPHOI aHTEHOH ede-
KTUBHO TEHEPYIOTb TYCTy HHU3bKOTEMIIEpaTypHY
TUIa3My 1 € TIEPCIIEKTUBHUMHU ISl TEXHOJIOTIH 00po-
OKHM MaTepiaiiB, BUPOIILYBaHHS HAHOCTPYKTYp, pO3-
POOKM KOCMIYHHMX PYLIiB Ta IHIIUX NPaKTHYHHX
3aCTOCYBaHb. 3aJI€KHO BiJ MPU3HAYEHHS BOHU (YH-
KIIIOHYIOTh 3a PI3HUX PO3PSIHUX YMOB, MAIOTh Pi3HI
TreOMETPHYHI PO3MipH Ta (QOpPMY EIEMEHTIB KOHC-
Tpykmii mkepena. Huspkouactotai (HY) Hecritikoc-
Ti apeidoBOro TUIy, MO BIACTHBI JJIS TaKUX Ke-
pell 3a MEeBHUX YMOB, CyTTEBHM YHMHOM BIUIMBAIOThH
Ha XapaKTePHCTHKH TETiKOHHOI mia3mu [1], 30kpe-
Ma Ha (QYHKI[IOHYBaHHS BiAMOBIAHUX TEXHOJOTIU-
HUX TPUCTPOIB. Y pAaHiii poOOTi BUBYaBCS BIUIMB
PO3MipiB 30yKyBaJIbHOI TUIAHAPHOI aHTEHU Ta AO-
BXXHHHU PO3PAIOHOI KaMepH JKepelia Ha XapaKTepuc-
tuku iHTeHcuBHOI HY HectiikocTi [2].

BazoBuii BapiaHT eKCIIEPUMEHTAIBHOTO MpU-
CTPOIO OMUCaHO B [2]. Y HNOTOYHHUX EKCIIEPUMEHTaX
0a3zoBa noBXmHA po3psagHOoi Kamepu L =31,5cm
3MeHIyBanacs 10 29 ta 25,5 cm. [opsiy i3 6a3oBuM
BapianToM anrtenu (1 Butok, & 17,5 cM) BUKOPHUCTO-
BYBQJIUCS JBOBUTKOBA aHTEHa 3 jaiamerpoMm 11,5 cMm
Ta YOTHPUBUTKOBa 3 AiameTrpoM 6,5 cM. Pobounm
razoM OyB aproH mpu Tuckax Bix 1 mo 5 mTop.

YcraHoBNeHO, 110 TIpU 0a30Biil JOBKHUHI PO3PSII-
HOT Kamepu (31,5 cM) Ta I aHTEH MEHIIIOTO PO3Mi-
py (3 miamerpamu 11,5 Ta 6,5 cM) y Mexax MarHiT-
Hux nomiB g0 250 I'c moxiona HY HecTiMKICTL HE
PO3BHUBAETHCS, HE MAMWBISIYUCH Ha Te, IO TIPH
B> (150+200) I'c peanizyeTbcss Takuwii camuii pe-
KHUM 13 TPOBAJIOM paliabHOrO MPOQiII0 TyCTHHH
I1a3MH Ha OCi, 5K 1 3 aHTeHOI0 0a30B01 KOH]Irypartii
niametrpom 17,5 cM.

[Ipu 3MeHIIeHH] TOBKUHH PO3PAJHOT KaMEpH 10
29 cM i3 3acTOCYBaHHSM aHTeHH 0a30BOi KOH(piry-
pamii miamerpom 17,5 cM 30epiraroTbCsi OCHOBHI
xapakTepucTuku iHTeHcuBHMX HY konuBanb. Pi-
BEHb KPUTHYHUX MAarHITHUX TOJIB s 30y/DKEHHS
UX KOJIMBAaHL MalKe 30IracThbCsl 3 BIAMOBIIHUMU
BEIMYMHAMH JUII CUCTEMH 3 0a30BOIO JOBKHHOIO
PO3psAHOL KaMEPH.

[Ipu 3MeHIIeHH] TOBXUHM PO3PAIHOT KaMEpH 10
25,5 cM KapTHHA XBHJIHOBOT aKTUBHOCTI painKaIbHO
3MiHIOETBCs. Ilpu 3acTocyBaHHI aHTeHH 0a30BOi
KoH(irypamii giamerpoM 17 cM Maiibxe 3pa3y micis
MEPEXOqy 10 PEXHMY 3 IMOPOKHUCTHUM TpodineM
ryctuad masmu (B > 120 I'c) 30ymkyroThest aenio
MEHII IHTEHCHBHI  KOJMBAHHS 3  YacCTOTOIO

HIOPIYHUK - 2011

15+20 xI'y (pucyHok, kpusa /). [lpu migBumieHHI
MarHiTHOTO MOJs 30YyIUKYIOTbCS THTEHCHBHI KOIH-
BaHHS 3 9aCTOTOO BABIYI MeHIIO0 — 5+10 K[ (muB.
PHCYHOK, KpuBa 2), sIKi MOXKHa OTOTOXHUTH 3 JIO-
CIJKYBaHUMU paHime. [Ipu 11bOMy KOJUBaHHS 3
OUTBIII BUCOKOK YacTOTOIO MPOJOBXKYIOTh ICHYBaTH.
I3 momanpIIUM iABUINEHHSIM MAarHITHOrO IOJISA Bif-
OyBa€eThCsl 3MiHA CIIBBiJHOIICHHS MK YacTOTaMH
ux KonmuBaHsb Bix 1:2 g0 1:3 (auB. pUCYHOK, KprBa
3). Ilpm mpoMy dYacToTa IHTEHCHBHHX KOJIMBaHb
3HIKYEThCS 10 f = 7 kI, a yacToTa OB BHCOKO-
YaCTOTHHUX KOJINBaHb MiIBUIYETHCS bi (6]
f=21klm.

Hapemrri, ans kamepu AOBXHUHOWO 25,5 ¢M TIpH 3a-
CTOCYBaHHI aHTEHU CEPeTHBOr0 po3Mipy (3 miamer-
pom 11,5 cM) mpu TepeBUIICHHI MarHiTHUM TIOJIEM
3HaueHHs B = 240 I'c y muia3mi 30y KyIOThCsI iHTEH-
CUBHI KOJUBaHHS 3 yacToTor f = 7 k11, siki MOKHA
OTOTOXXHHTH 3 AOCTiIKyBaHUMH paHime. To0To i3
CKOPOYCHHSIM JIOBXHHHU PO3PSIHOI CHCTEMH pPO3Ka-
yka iHTeHcuBHOI HY HecTIMKOCTI CTae MOMKIIHMBOIO i
MIPH 3aCTOCYBaHHI aHTEH MEHIIIOTO JiaMeTpa.

OtpumaHni pe3yJabTaTH MOXYTh OyTH BHKOPHUCTaHI
Ipd KOHCTPYIOBaHHI Ta BHOOpI PEXUMIB POOOTH
JOKEepeN IDIa3MH JIOCHiPKYBAaHOTO THITy 3 METOIO
YHUKHEHHSI PO3BUTKY 3HaYHUX 30ypeHb IIa3MH Ipu
TEXHOJIOTTYHOMY 3aCTOCYBaHHI TaKUX JKEPEIL.

Kputnune maruitHe mone, By, ['c
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160} %3:/ 1
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Tuck rasy, p, MTopp

3aJIeXKHICTh KPUTHUHHX VIS 30y DKEHHS Pi3HUX MOJ
KOJINBaHb MAarHITHUX IOJIIB B/l TUCKY.

1. M. Light, F.F.Chen, and P.L.Colestok, Plasma
Sources Sci. Technol. 11, 273 (2002).

2. B.M. Cno6opsH, JLI. Pomantok, B.®. Bipko ma in. y
Hjopiunux - 2010 IA1]] HAH Vkpainu, (Kuis, 2010),
c. 135.
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BIIMB KOMIIOHEHTHOI'O CKJIAAY IUIASMHA IMITYJIbCHHUX PO3PSI/1IB
Y PIIMHAX HA II BJACTHUBOCTI

I1. B. Ilopuubkwuii, I1. . Ctapuuk

Incmumym si0eprux docnioxcenv HAH Yipainu, Kuig

VY peanpHUX yMOBax B IUIa3My IMILyJIbCHUX PO3-
psaiB y Boni (IPB) HeogMiHHO MOTpaIuIsiFOTh JOMi-
LOIKM MaTepially eJeKTPOJiB Ta MpPOBIAHUKIB, IO
3aCTOCOBYIOTBHCS ISl 1HILIFOBaHHS PO3PAIIB depes
BUCOKI 130JISILIMH] BJIACTUBOCTI BOAU. ATOMU M€ETa-
JiB MOXYTh CYTTEBO BIUIMBATH Ha BIACTHUBOCTI IUIa-
3MH TaKUX PO3PSIiB i BUKIMKATH 3MiHH B PO3IOALITI
CTPYMYy Ta €HEPrOBUAIICHHS B PO3PSIIHUX KaHaJax.

[MpoBeneni po3paxyHku [1, 2] TepMoIUHAMIYHUX
Ta TPAHCIIOPTHHUX BJIACTHBOCTEH 0araro KOMIIOHEH-
THOI TIIa3MU PO3PSAAIB (TEIUIOEMHOCTI, B’SI3KOCTI,
TEIUIONPOBIAHOCTI, €IEKTPOIPOBITHOCTI TOIIO) IIO-
Ka3ayy, o HaBiTh He3HayHwmii (<0,1 %) BMicT MeTa-
JB y BOAI BUKIMKAE TOPSAKOBI 3MIHM 3TajJaHUX
BUIIIEC BJIACTUBOCTEH MOPIBHSAHO 3 IUIa3MOI0 0e3 J0-
Mimmok. [1na3zma po3psanux kananis IPB 3Haxoauts-
csl y CTaHi YaCTKOBOI 10HI3allii IPH MPUTAMaHHUX M
tickax 10+10° MIIa ta Temmeparypax 1 =40 kK. B
TaKUX YMOBaX HaBiTh HEBEIHMKA KIJIBKICTh aTOMIB
MeTaJiB KapIWHAJIbHO BIUIMBAE€ HA KOHILIEHTPALiIO
3apSAIDKEHUX YaCTHHOK Y THIa3Mi, 3aBISKH Pi3HUIL
MDK IOTEHIaIaMU 10HI3alil MeTaJiB Ta BOJHIO 1
KHCHIO YTBOPIOE 30HU IiJBHUINCHOI IMPOBIHOCTI B
kaHajax. Yepe3 3MiHy B’S3KOCTi BiOyBaeThcs Ta-
KOXX BIUIMB HAJXO/DKEHHS METaJeBUX IOMIIIOK Ha
PO3BHUTOK TiAPOJUHAMIYHAX HECTIMKOCTEH y po3psi-
nuux kagainax [PB.

ExcrnieprMeHTaIbHO HAJIXOKEHHS JOMIIIOK Ma-
TepianiB eNeKTPOIIB AOCIIIKEHO HUISIXOM CIIOCTe-
PEKEHHS 3a AMHAMIKOIO 3MiH PO3MOALIIB CIIEKTPIB
BHIIPOMIHIOBAHHS B3JIOBX 1 TOMEPEK PO3PSTHUX
kaHaniB. [IoBHA Hempo30picTh IIIa3MOBHX KaHAIIB
IPB Ha mo4aTkoBHX CTalisiX po3psAiB HE 103BOIMIIA
JETalnbHO MPOCIiAKYBAaTH 3a IPOLIECOM HaIXOKEH-
HsI METally B IJIa3My B 1IeW 4ac, ajie ClOCTEPEKECHHS
npy 1IbOMY peabcopOoBaHMX JIiHIH MiAl y BHIIPOMI-
HioBanHi [PB nae 3mMory 3poOuté omHO3HAYHWI
BHCHOBOK IIPO iHTEHCUBHE HAJIXOJDKEHHS MaTepiary
MiJIHUX €NeKTPOIiB y KaHaJl 1 HasBHICTh HOTO HE
TINBKM Yy BHYTPIIIHIX, @ ¥ y 30BHIIIHIX 00jacTsix
KaHaJiB. 3BepTac Ha cebe yBary Te, IO 4epe3 IeB-
HUW 4yac MaTepiajl eJICKTPOJIB PO3MOBCIOIKYEThCS
JI0 HaWOiNbIIe BiAJaNeHOI BiJ €NeKTPOMdIB IICHTpa-
JHHOI YaCTUHW KaHAJIB HaBiTh NMPH MaKCHMAaJILHO
JOCHI/DKEHUX  pO3Mipax pPO3pSIHUX TPOMiXKKIB.

CrioctepeskeHHSI 32 PO3BHTKOM PO3PSIiB y OLIbII
Mi3HI MEepioau, KOJM IUIa3Ma CTae MPO30POI0, ae
3MOTy 3’4CyBaTH MEXaHi3M INPHCKOPEHOI'0 HalIxo-
JDKEHHST MaTepialy eJIeKTPOMIB y IiazMy. Y BHIIAI-
Ky PO3TISIHYTHX Y Wil poOOTi po3psiliB (KOJIHBaJIb-
HHUH PO3psi HAKONUYYBaJIbHOI €EMHOCTI Ha BOASHHUM
nmpoMibkok Tpu  Hampy3i 2+40kxB 1 crpymax
10 +200 kA) cnocrepirauch (GakeIbHOTO THILY
BUKUAN BUIAPEHOI 3 €JEKTPOIIB PEUOBHUHH B3I0BXK
0Ci pO3pSATHUX KaHAIIB.

Buknaneni Buiie pe3yibTaTH XapakTepHI NpH
BUKOPHUCTaHHI [UIs 1HILIIOBaHHS PO3PAIIB «TOHKHX)
MpoBiTHUKIB AiameTpoM A0 20 MkM. TiTbku B IbOMY
BUTIAJIKY JI0 HAJXO/DKCHHS B 30HY CIOCTEPEKEHHS
napu Matepiainy eJeKTpOIiB HaiOinblI SICKpaBUMH
JHIAMHU Y CHEKTpi M1a3Mu € JiHii BogHto. [Ipu 30i-
JBIICHH] AiaMeTpa MpoBiTHUKIB 10 70 MKM («TOB-
CTi» TPOBITHWKH) Y CIIEKTPi BUIPOMIHIOBaHHS B
obnacTi minii Hp JOMiHYIOUMMH CTalOTh JIiHIT MaTe-
piany mpoBiIHUKA.

B ymoBax wacTkoBoi ioHi3arii, 700aBKa HEBEIU-
KOi KIJTBKOCTI JOMIIIKH METaTy MOX€E 3MiHUTH TIPO-
BIIHICTP TIa3MH Ha JIEKUIbKA TTOPSAIKIB BETUIMHH, a
TEIUIONIPOBIAHICTS 1 B I3KICTh — Y JIeKiibKa pasiB [3],
10 HEOJMIHHO BiOMBA€THCS HA XapaKTEPUCTHKAX 1
BractuBocTAX IPB y minomy. HagxomkeHHs B Tras-
My IPB matepiany enekTpodiB Ta MPOBIJHHKIB 3a-
CTOCOBAaHMX [UIs IHILIIOBAaHHA pPO3PSAIB CYTTEBO
BIUIMBAIOTh Ha CKJIAJ, BIACTHBOCTI IUIA3MH 1 CTPYK-
TYpY PO3PSTHUX KaHAIIB.

Crizx TakoX 3BEpHYTH yBary Ha Te, IO 3a3Haue-
HUU BIUIMB KOMIIOHEHTHOIO CKJaay IUIa3Mu Ha il
BJIACTHBOCTI MOK€ OyTHM BHKOPHICTAHO JJIsi HAIpaB-
JIeHOT 3MIHM Ta KepyBaHHS BJIACTHBOCTSAMH IMITYJIb-
CHHX PO3PSAIB y PinuHi.

1. ILW. Mapenko,  A.P.Puzyn, M.B.XupHoB u
B.B. UBaHoB, [udpoounamuueckue u meniogusuye-
CKUe XApakmepucmuKku MOWHbIX NOOBOOHBIX UCKPO-
svix paszpados (Hayk. nymka, K., 1984), 149 c.

2. P.D. Starchyk and P.V. Porytskyy, Problems of Atom-
ic Sci. & Techol. Ser. Plasma Phys. No. 1(17), 140
(2011).

3. P.Porytsky, I. Krivtsun, V. Demchenko et al., Eur.
Phys. J. D. 57, No. 1, 77 (2010).
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OI3UKA ITIAZMU

XBUJIBOBI EJIEKTPUYHI MOJIA B TEJIKOHHIN IIJIA3MI

B. ®@. Bipko, B. M. Cioboasin, 1O. B. Bipko, K. II. Hlampaii

Tnemumym adeprux docnioxcens HAH Yxpainu

I'enikoHHMIA PO3psA € OAHUM i3 HAMOLIBII edek-
TUBHUX O€3eNeKTPOAHUX JDKEpeNl HHU3bKOTEeMIIEpa-
TypHOI Ia3Mu. BiH TATPUMYETBCS IIa3MOBUMHU
XBWISIMH - TENIiIKOHAMH, €HEprif SKUX MEepeBaKHO
30cepe/pPkeHa B MarHiTHOMY Todji. Pazom 3 Tum ene-
KTPOHH, WIO CTBOPIOIOTH 1OHI3aIlilo, OAEPKYIOTh
EHEprito BiJi eIeKTpUYHOTO mois. [Hpopmaiiro npo
EJIEKTPUYHI TIOJISl B TEIIKOHHOMY PO3Psi 3BUYAHO
OTPUMYIOTH 13 BUMiproBaHb BU MarxiTHUX OB Ta
ixHBOI iHTepmpeTanii Ha ocHOBi 3akoHy Dapasnes.
EkcriepuMeHTanbHe BUBYEHHS €NEKTPUYHHUX TIOJIB
JUTSL TAHOT'O THITY PO3PSIIB paHilie He TPOBOIMIOCE.
VY mnpexacraBieHiit poOOTI po3po0JIEHO METOIUKY 1
npoBesieHo Oe3nocepeaHi BuUMiptoBaHHA BY enext-
PUYHUX TIOJIIB y TENIKOHHOMY PO3PSIIi.

ExcrniepyMeHTH POBOIWINCH Y PO3psii, IO 30Y-
JDKyBaBCs. B aproHi npu THcKy 5 mTop azumyTaiib-
HO-CUMETPUYIHOI0 MOJI0F0 /1 = () TeliKOHHUX XBHIIb
[1]. KBaprioBa po3psiaHa kamepa giameTpom 14 cm
Oyna BMillleHa B MMO3/0BKHE MAarHiTHE IOJIe HAIpy-
JKeHicTio By = 60 I'c. /I[BoBUTKOBa iHIYKITIfHA aHTe-
Ha, pO3TallloBaHa 30BHI PO3PSIHOI KaMepu, >KUBHU-
nace Bim BY reneparopa wacrororo 13,56 MI1m i
moTykHicTi0O 10 1 kBT. CKi1amoBi eneKTpUIHNX T0-
JB BUMIPIOBAINCH 130JIbOBAHUMH IHITOJBHAMH aH-
TEHaMH BiAmnoBigHOI opieHTanii. CuH(pa3Hmii curHa,
KA BUWHUKAE B 000X TUIKAX IMUIIONS BHACIIIOK
KOJIUBaHb TOTCHIIAly TUIa3MH, yCyBaBcs AU(epeH-
miaJIbHUM  TpaHcopMaTopoM. 3a aMIUITyay Ha-
MIPYKEHOCTI eJIEKTPUYHOTO TIOJsI B TUIa3Mi Mpuitma-
Jach BUMipsiHA Pi3HUIIA TOTEHINIANIB, HABEICHUX Ha
rikax TUMoJs, MOAiJIeHa Ha TOJOBHUHY HOTrO JOB-
xuHu. Amrtityna BU konuBaHp mOTeHIamy Tuias-
MH BEMIpPIOBAIACh 130JIbOBAHUM €MHICHUM 30HIIOM.

Ha Bincrani 12 cM Bij iHAYKIIHHOT aHTCHU MPHU
BY mnoryxHocti 800 Bt BuMipsiHa amiutiTyna asu-
MyTaJIBHOTO Ey(r) Ta pamianpHOTO E.(r) OB CTa-
HoBWJIA 5 - 8 B/cM 3aiiekHO Bij KOH(Irypariii 30B-
HIITHBOTO MarHiTHOT'O TOJISI.

KomnonenTn Ey i E, epneHuKyIISpHI 10 MarHi-
THOTO TIOJISI ¥ BHKJIMKAIOTH JIMIE IPerOBUN pyx
eNleKkTpoHiB. [IpucKOpeHHs eNeKTpOoHIB MOXke 3.iii-
CHIOBaTHUCh ENIEKTPUYHHUM TI0JIeM F,, CIIpsIMOBaHUM
Y3MIOBX MAarHiTHOTO TIONIA. AKCIadbHUH PO3IIOILIT
ammityan BY moteHmiany ¢(z) Ta eneKTpUYHOTO
nonst E,(z) y po3psiai 3 HEOXZHOPIAHUM MAarHiTHUM
oJIeM, sIKe 3pOCTa€ 3 BiAJaJeHHSM BiJ| aHTEHH, T10-
Ka3aHO Ha PHCYHKY.
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Axciansauii po3noain amrutityn BYU norenniany ¢(z) Ta
enekTpuuHoro mons E.(z) B po3psAmi 3 HEOTHOPITHIM
MarHiTHIM 1ofieM. CTpinka 4 BKa3ye MOJI0KECHHS aHTCHHU.
[Mapametpn  pospsamy: W =800Bt, pa.=5wmTop,
n=13-10"cm”.

BcranoBneHo, o nepiognYHICTh PO3MOILTY TIO-
TeHwiany Ha puc. 1 € HacmigkoM inTepdepennii BU
KOJIMBaHb XBWJIBOBOT'O MOTEHIiaNy, (as3a sKoro 3mi-
HIOETBCSl B3IOBX Z, 3 IJIOOANBHUMM KOJMBAHHSIMH
MOTEHLiaNy TJa3MH SK LiJ0ro, 3 HE3MIHHOIO 1O Zz
¢dazoro (k,=0). [Ilpu BuUMIpIOBaHHI E€JIEKTPUUHOTO
MoJIS 1151 iHTEep(EepPEeHIlist He MPOSBISETHCS, OCKUTBKA
cuH(]pa3HUil cUrHam Bif T100aJbHUX KOJIMBAaHb MOTE-
HIllaly ycyBaeTbesi audepeHuiansHuM Tpanchop-
MaTOPOM.

TakuM 4rMHOM, XBWJIBbOBI enexkTpuuHi BY mons B
TeJIKOHHOMY pO3psi[ii MOXYTh OyTH BHUMIpsHI 3a
JOMIOMOTOI0 130JIbOBAaHUX TUIOJIBHUX aHTEH 3 BHKO-
pucTaHHAM JAu(EepeHIiaTbHOT0 TpaHCPOopMa-Topa.
AKcianbHUI PO3MOAINT aMIUTITYAW MOTEHIiany, BHU-
MIpSIHHI €MHICHAM 30HJIOM, € HACIIiJIKOM iHTepde-
peHLii MiXK KOJMBaHHSAMH XBHJILOBOTO MOTEHIiAITy
Ta TJI00ANLHUMH KOJHMBAHHSIMH TIOTEHIIAy CTOBIA
TUIa3MHU.

1. V.F. Virko, K.P.Shamrai, G.S. Kirichenko,
Yu.V. Virko, Phys. Plasmas 11, 3888 (2004).
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HUCCJIIEJOBAHUE IIOBEJEHUA PAJUOHYKJINIOB
HA TEPPUTOPUSX, MPHJIETAIOIUX K 30-KHWJIOMETPOBOM 30HE YAJC

M. B. Kearonoxkckasi, H. B. Kyanu, A. U. Jlunckas, B. U. Hukoaaen

Hnemumym soepuvix uccnedosanuti HAH Yrpaunvl, Kues

[loBeneHne pagWOHYKIMAOB 3a TpeleliaMu
30-kmmomMeTpoBoit 30061 YADC odeHp MaJlo M3yde-
HO. B cBsI3M ¢ 3TUM HCClIe]OBaHNE MHUTPAITHOHHBIX
IIPOIIECCOB HA TEPPUTOPHUSAX C HU3KUM COZEpPKAHUEM
PaAMOHYKINAOB B OKPYKAIOIIEH cpene MpeacTaBiIs-
eT HayuyHbIl nHTepec. MccnenoBanus OBLTH MpOBe-
nenbl B Kosenerikom paiione YepHuroBckoi obmac-
TH, TaK Kak B 3ToM peruone B 1986 - 1990 rr. 6pun
oOHapy»KeHbl 3HaunTenbHbIe (B 5 - 10 pa3) ornmuuus
B COOTHOIICHHH 'St K ' Cs.

s uccnenoBanwmii Obl1a BEIOpaHa TEPPUTOPUS C
HEOOJBITUM XOJIMHUCTBIM penbeoM MeXTy Hace-
neHHelMM nyHkTamu Kaprmnoska u Jlecna Kose-
nenkoro pationa UYepHuronckoit obmactu. OtOop
mpo0 TIPOBOAWIICS B JieCy, Bo3pacToM Ooiee S0 Jer.
Hns  ngaHHOM MECTHOCTHM XapakTepHbl JIEPHOBO-
[IO/I30JIMCThIE TIECUaHble MOYBBI. MOITHOCT 3KCIIO-
3UIMOHHOHN 103bI BapbupoBana oT 18 g0 30 MxP/4.
IIpoObI MOYBEI OTOHMpaANMCh METONOM KOHBEPTa C
IOMOIIbI0 TP0o000TOOPHKKA uMHHOM 30 ¢M 1 Tua-
METPOM 5 CM, C JTANBHEHIINM pa3JielIeHneM MPOOBI
mociaosm 0-2,2-4,4-7,7-10, 10 -15, 15 - 20,
20 - 25 u 25 - 30 cm, HauMHAs ¢ HUXKHEro cjos. M3-
MepeHHsI MPOBOIWINCH Ha Y-CIIEKTPOMETpe Ha Oase
Ge-nerexktopa ¢ kpuctammiom 200 cM’, ¢ TOHKHM
OepHIIITHEBBIM OKHOM, SHEPT€TUYECKUM pa3pelIeHU-
em 1,9 k3B no y-muanu 1,33 MaB “Co, uyryssoii
3alUTONH. JTO TO3BOJSIET H3MEPATH MPOOBI CITa0BIX
AKTHBHOCTEH B HH3KOIHEPTETHYCCKOW o0O0JacTH
cnekrpa. Ha puc. 1 nmpuBenen ¢pparMeHT OZHOTO U3
W3MEPEHHBIX Y-CIIEKTPOB.

VIebHYI0 aKTHBHOCTB ST B 06pasIax ompee-
nsu Ha B-ciektpomerpe “C2B-507.

B pesynbraTe mpoBENCHHBIX HM3MEPEHHUM BBISB-
JIEHO HANM4Ke pagHoHyKmuaos °'Cs, *°Sr a Takxke
*! Am, xoTopEIi paHee He peructpupoann. Ompe-
JIeJIeHa TUIOTHOCTH 3arps3HEHUs] TEPPUTOPUH TEXHO-
TEHHBIMH PaJUOHYKIUIAMU: B¢ - 0,45; S - 0,25;
Am - 0,01 Kn/km®>. COOTHOIIEHHS aKTHBHOCTEH
*Sr u ’Cs 1oMHOCTBIO COOTBETCTBYIOT COOTHOIIE-
HUIO, KOTOpOe MBI HaOmonanu B 30-KUIOMETPOBOU
30He [1].

Ha puc. 2 npuBeneHo pacnpeneneHne paIuoHyK-
TUI0B TOo riyOmHe. M3 mpencTaBieHHBIX JaHHBIX
BUJIHO, YTO PaAHOHYKIHAB > CS XapaKTepu3yroTcs
HanOOJIBINEH MHUTPAITIOHHON CIIOCOOHOCTBIO BBIsSB-

OTtcueTrsl
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Puc. 1. ®parmMeHT HU3KOIHEPTEeTHYECKOH 00JIaCcTH
Y-CIEKTPa BEPXHETO CJI0S TOYBBI HCCIIEYEMOM TEPPUTOPHH.

[ Cs-137
[ Am-241
(—Sr-90

15-20 20-25

0-2 2-4 4-7 7-10 10-15

I'ny6una, cm

Puc. 2. Pacnipenenerne paqroHyKIHIOB B TOYBE
JI0 TITyOUHEI 25 CM B H3YYEHHBIX pa3pe3ax.

JIeHOo, 4To 0K0y10 80 % Bcel aKTUBHOCTH HAaXOIUTCS
B cioe mouBkl 0 - 2 cM. IlonydeHHble HaHHBIE YKa-
3BIBAIOT HA TO, YTO HM3MCHCHUE COOTHOIICHUS aK-
TUBHOCTEH Pa3IMYHBIX PaIHOHYKIHIOB 00YCIOBIIe-
HbI TOJIBKO AACPHBIM pacraaoM.

OI1cHEeHBI BEJIMYMHBI JIO30BBIX HArpy30K Y JIFOJIEH,
MPOXKHUBAIOIINX Ha JaHHOU Tepputopuu. KoHcepsa-
THBHAs OIIeHKAa MOKa3bIBAaeT, YTO J030Basi Harpys3ka
oT  pagmoHykaumoB  °'Cs+*Sr  cocraBmser
~150 mMK3B/rox, a >*' Am ~300 mMx3B/ro.

1. M.B. XKentoHoxckast u dp. SlnepHa ¢i3uka Ta eHepre-
tuka 12, Ne 4,394 (2011).
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PAIIOEKOJIOI'TA TA PAAIOBIOJIOITA

PAJUAIIMOHHO-TEHETUYECKHUE 2®®PEKTHI B IIOIIYJALHUAX TTOJEBOK,
OBUTAIOIIUX HA TEPPUTOPHUU 30HBI OTUYXKIEHUSA YAIC

0. O. bypno, T. B. Measnuk, B. . Huxkoanaes, H. B. Kyauu

Hucmumym soepruix uccreoosanuii HAH Yxpaunol, Kueg

[ocnenctBus 000K TEXHOTeHHOH KaTacTpodbl
IUTs OMOTHI, KOTOpas ToMana B 30Hy €€ BO3JeiCTBUA,
4acTo He ABIISAIOTCSA OJHO3HAUYHBIMU. B pe3ko u3me-
HUBIIUXCS YCJIOBHSX Cpelbl €CTh KaK «IPOHUIPaB-
mue», Tak U «rmodeaurenn». IIpu 3Tom craryc «io-
Oenurens» obOecreynMBaeT HE TOJNBKO PE3UCTEHT-
HOCTb 10 OCHOBHOMY CTpecc-(h)akTopy, HO H CIIO-
COOHOCTh CYIIECTBOBAaTh B HOBBIX ycNoBHsX. Cu-
Tyalusi B paiiloHe KatacTpo(dbl MOXKET 0OYCIIOBIIH-
BaThCsl (aKTOpPaMHU, KOTOPBIE SIBJISIOTCSI BTOPUYHBI-
MH K OCHOBHOMY COOBITHIO, HAaIPUMEP HBaKyallus
HaceJIeHUs, M3MEHEHHE XapakTepa ACATeJbHOCTH
YyeloBeKa, IpOBEJeHHEe KOHTpMEp M 1p. Bce 3to
MIPUBOANT K «BTOPHUYHBIM 3KOJIOTMYECKHUM TOCIENI-
cTBUsIM». B 30He oTuyxnenus YADC takumu Obun
HCYE3HOBEHUE CHHAHTPOIHBIX BUIOB JXKMBOTHBIX,
[EPecTporKa 3KOCHCTEM B CTOPOHY XapaKTEPHOTO
IUIl TaHHOW TreorpauuecKoi 30HBI €CTECTBEHHOTO
cocTosiHMsL. BpeMeHHO# (akTop Ta K€ MrpaeT Bax-
HYyIO pojib — cTpecc-(hakTop co BpeMeHeM Hpeobdpa-
3yeTcsi, MEHsIsI CBOM KOJTMYECTBEHHBIE U, YTO Ba)KHO,
Ka4eCTBEHHbIE XaPAKTEPUCTHKH.

Takum o00pa3om, 3amada OICHKH ITOCIIEICTBHMA
KaracTpod sl OHMOIIOTHMYECKOTO KOMIIOHEHTa OK-
PYKaIOIIEH Cpenbl SIBISETCS HETPUBHAIBLHOU U €€
HENb3S PElIUTh IyTEeM NPUBICYCHUS PE3yJIbTaTOB
nabopaTopHBIX dKcHepuMeHToB. Heobxoaumo mpo-
BEJICHHE HATYPHBIX MCCJICIOBAHMI C UCTIOIh30BAHHU-
eM 3((}EeKTUBHBIX BHIOB HHIUKATOpPOB. B pamkax
pelIeHust 3Toi 3a7adn ObUTH BBITTOTHEHBI HCCIIENO-
BaHMsI Ha TpeX BHUIAaxX TIOJNEBOK:  pPBhDKEH
(Chletrionomus glareolus), mamennoit (Microtus
agrestis), oObIKHOBeHHOU (Microtus arvalis), obu-
TAIOIIUX B MPUPOIHBIX OMOTOMAX 30HBI OTUYIKIACHUS
YADC. Bua *KHUBOTHBIX HAESHTH(OUIUPOBAIH C TIO-
MOIIBI0 KAPUOTUITUPOBAHMUSL.

JKupoTtHbie ObTH OTIOBIICHEI oceHb0 2008 r. Ha
MOJIMTOHAX C pa3HbIM YPOBHEM PaJHalliOHHOTO
3arpsA3HEHHUs TEPPUTOPHH, MOIIHOCTH SKBHUBAJICHT-
HOHM 03Bl TaMMa-u3nydeHus (MKP/4) Ha momuroHnax
cocraBmia: SInoB 1400 — 550, Yucroranoska 620 —
310, Uzympynuoe 71 — 69, BepToneTHas MIIOIIAIKa
35 — 30, Cxazounoe = 20. Cpennue 3Ha4E€HUE YIEIb-
HOW aKTUBHOCTH MO TPYMIaM »XHBOTHBIX, OOMTar0-
IIMX Ha MTOJIMTOHAX MPECTaBICHBI B Ta0HIIE.

Cpez[}me 3HaAYCHUSA yI[eJILHOﬁ AKTUBHOCTH 137CS 110 rpynmnam KMBOTHBIX, 00MTAIOIIMX HA MOJMTOHAX

VY nenbHas VY nenbHas
Bun Homuron aKTHBHOCTH, BK/T Buz Honuron aKTHBHOCTH, BK/T
SIHoB 1904 FisympyHoe 6.7
YucroraaoBka 598 .
C. glareolus 7 EeTS— ) M. agrestis
YMPY A Cka3o4Hoe 1,0
CkazouHoe 2

Pepkas moneBka SIBIISIETCS JOMUHHUPYIOIIAM BH-
JA0M, KOTOpBIﬁ oOMTaeT Ha BceX ITOJUTOHAX KpoMe
BEPTOJICTHOM TUIOMIAIKUA. A TalieHHass U OOBIKHO-
BEHHAas IOJICBKM OOWTAIOT TOJBKO Ha IOJIMTOHAX C
HU3KHM YPOBHEM PaJIHOAKTUBHOTO 3arPSI3HEHNS.

IIpoBeneH cpaBHUTENBHBIN aHAIW3 YacTOTHl U
pacmpeneneHusl MHKPOSAEP B KIETKaX KOCTHOTO
MO3Ta TIOJIEBOK. Y pbDKEH M TalIEHHOW MOJIEBOK
BBISBJICHBI CTATUCTUYCCKU JOCTOBEPHBIC OTINYUA
[0 CPETHETPYIOBOM YaCTOTE MHUKPOSJEP B KIETKAaX.
CreneHp Harpy>XeHHOCTH KJIETOK MHKPOSAPaMu
3aBHUCENA OT YPOBHS PAAHOHYKIUIHOTO 3arPsS3HEHUS

HIOPIYHUK - 2011

MOJIMTOHOB. TakmX 3aKOHOMEPHOCTEH Y OOBIKHO-
BEHHOM IMOJICBKU HE OOHAPYIKEHO.

Hamu He BBISBICHO BHYTPHUIPYIIIOBBIX KOppEs-
I MEXAY 9acTOTON BCTPEYaeMOCTH MHUKPOSIED U
YAETHHOW aKTHBHOCTBIO HWHKOPIIOPUPOBAaHHBIX pa-
JTUOHYKJIHUJIOB IO 37Cs u P°Sr.

Takum oOpa3om, pbXkasi TOJEBKa SBISIETCS Hau-
0oJee pacrpocTpaHEeHHBIM, YCIEIIHBIM B HH(pOopMa-
TUBHBIM BUAOM MBINICBUAHBIX T'PBIZYHOB JJId OLICH-
KH paJiMallMOHHO-TeHeTHYecKuX 3(h(dekToB B oTna-
JICHHBIH TEPHO/] TTIOCIIEe aBAPHU.
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AHOTALIIl POBIT

OCOBJIUBOCTI BUBEJEHHS “'I IMUTOIOAIBHOIO 3AJI03010 IYPIB
3AJIEZKHO BIJ IIOI'VIMHEHOI 103U

L. II. Apo3n, A. Il Jluncbka, Jl. K. be3npoona, B. A. IlIuTiok

Incmumym si0eprux docnioncenv HAH Yrpainu, Kuig

Mox € GioreHHEM MiKPOETEMEHTOM, KHTTEBO He-
00XiJTHOIO CKJIaJIOBOK) OpraHi3My cCCaBIliB. Bukonye
CBOIO 0I0JIOTIYHY (DYHKIIO SK CKJIaJ0Ba YacTHUHA
THUPEOINHUX TOPMOHIB — TUPOKCUHY Ta TPUHOATHPO-
Hiny. PagioaxTusHi i30Tomu itomy, 30kpema I, mm-
POKO BHKOPHCTOBYIOTh Y MEIHUIIMHI I paJioaiarHo-
cTuku Ta pagiorepanii. [Ipu mboMy, OCKiNBKH HOM €
THUPEOTPOIIHUM €JIEMEHTOM, Ul KOPEKTHOTO PO3pa-
XYHKY TOTJIMHEHUX J103 HEOOXiHO 3HATH OCOOJIUBO-
CTi WOTO KiHETWKW (HAKOMMYEHHS Ta BUBEACHHS) Y
mTononioHiM 3amo3i (I1[3) mpu HamxomKeHHI 10
OpraHi3aMy pi3HHX KUIBKOCTEH i30ToIy. 3arajioM Ki-
HEeTHKa i30TOmiB MOy, 30KpeMa 3a Pi3HUX pajialii-
HHUX YMOB, LIMPOKO BUBUanucs e B 50-Ti poku Mu-
HyJioro croittsa. Tozai OyJio BUSBIIEHO, IO 31 3pOC-
TaHHAM KoHueHTpauii B 1113 B jioro eeKTUBHUI
nepiof; HamiBBUBEACHHS 3MEHILYETHCS. ABTOpU MO-
SICHIOIOTH II¢ PaJliaIliifHO 3YMOBIICHOIO IECTPYKITIEIO
3aJ103M 1 BTPaTOK BHACHIAOK IBOTO CIIPOMOXKHOCTI
yrpumyBaTu Hoj [1]. Bognoyac y HaykoBiii nepioau-
i 3’SBUJIOCS TIOBIMOMJICHHS, IO HAaBIAKH, MpH 30i-
JBLIeHH] KOHIEeHTpatii i3otony y L3, mounHarouu 3
neBHOI (OpOroBoi) A03M, ePeKTUBHUI MEePioj HaliB-
BUBEJICHHS oy cyTTeBO 3poctae [2]. Lli mporupiyus
CIIOHYKaJIM HaC 10 EKCIEPUMEHTAIbHOTO BHUBUYEHHS
xineruxu 'y 113 maGopaTopHUX MIypiB Py PisHUX
OJJHOPa30BO BBEIEHHMX aKTHBHOCTEH i3oTomy. Byimo
MpoBeNIeHO JOoTHPH cepii gocmimiB. Illypam-camirim
ninii Bicrap 3 mouarkoBoro macoro 200 + 15 T nepo-
pajbHO Yepe3 30HI OTHOPa30BO BBOIMIM PO3YUH Y
JICTUIILOBAaHIA BOJI HaTpito HOIWIY aKTHUBHICTIO
BignosiaHo 3,3; 19,2 ta 114,8 kbk Ha TBapuny. Tra-
puH ymeptBisun y Tepminu 0,125; 1; 2; 3; 7 ta 14 1i6
3 JOTPUMAaHHSAM BUMOT cT. 26 3akoHy Ykpainu “IIpo
3aXUCT TBapWH BiJ XKOPCTOKOTO IOBODKCHHS . 3a
nutoMuM BMmictoM iony B L3 OymyBamm rpadiku
HaKOIMYEHHS Ta BUBEICHHS 130TOIy 3 OpraHa, 3a
SIKHMH BU3HA49aM €(QEKTUBHI TIEPiOAW HAITliBBHBE-
JIeHHA. ByJno BUABIIEHO, 110 BUBEIEHHS BT i3 1113
3a70BIIBHO alPOKCUMYETHCSI OAHIEI0 E€KCIIOHEHTOIO.
3Ha4yeHHs1 e)eKTHBHOTO IEepioAy HarmiBBHBEICHHS (Y
J00ax) OMUCYBAITA BUPA30M

Ter=-In(2) - (t2- t1)/In(q2/qu), (1),

Ie q; 1 qp nuromuit BMicT Hoay B I3 Ha wac t; i t,
BinnoBinHO. bionoriunuii mepio HamiBBUBEACHHS (Y
n00ax) CTAHOBUTD

To=Tin - Tep/(T12- Tep), ()

ne Ty, — mepion HamiBpo3namy, 100H.

[HTErpytoun akKTUBHICTP MiJ KPUBOIO, 11O OMHUCYE
NPOIIECH HAKONWYEHHS Ta BUBEACHHS 130TOMy 3
opraHa 3a 4yac HOro NMpakTH4YHO IMOBHOTO pO3Maay
(80 mi6), orpuMyBaH CyMapHy KUIBKICTh pO3IIaJIiB B
omuuui macu II3. IlormmaeHy m03y po3paxoBy-
BaJIM 32 BUPa30M

D=k g-Ee - N [I'p], 3)

nek=1,610" ix/MeB; g = 0,875 — reomerpuu-
Huii akTop st P-BunpoMiHioBanHs 1, sKuii Bpa-
XOBY€ YacTKy BiZl MOBHOI no3u, mornuHeHy B LI3;
E.y — edexTuBHA eHepris, 1110 NepeNacThCs OpraHy B
KOJ)KHOMY akTi posmagy i3ortomy, MeB/posnan;
N; — 3aranpHa KiJbKICTH po3majiiB i30Tomy B 1 Kr
pEYOBUHHU OpraHa 3a Jac t.

Jns TBapuH KOXHOI cepii JOCHigy BH3HAYEHO
e(heKTUBHI TIepioAN HAIiBBUBEICHHS N ) 113 Ta
BIJIMOBiAHI J03W ONMpPOMiHEHHs opraHa. Ha pucyHky
HPEJICTABICHO 3a€XKHICTh Ty Bifl IOTIMHEHOT 103H.

3 A

HaNIBBIBeIeHHS, 10011
]
1

4 4

‘ad

¥ = 2,45852E-+00x 1 H3841E-01
R*=9,96721E-01

Edexrnennii nepiog

0 T T T 1
0 10 20 30 40

TTormmuena qoiza, I'p

3asIexHiCTh e(eKTUBHOTO Mepiojly HaMiBBUBEICHHS ' 1

13 IUTONOAIOHOT 32103 LIYPiB B/ 03U ONPOMIHEHHSI.

VCTaHOBIECHO, IO 31 3pOCTaHHSM JI03H OHPOMi-
Henns 13 Big 0,914 no 35,6 I'p epexTuBHU# nepioxn
HamiBBuBeaeHHs 1 13 11[3 36inbIIyeThCs 3a MTOKA3-
HUKOBOIO  (yHkmiero  Bim  2,39+0,07  mo
4,68 £0,14 n1i6, a OioysOTiYHMK Tepiod HAIliB-
BUBEJEHHs 3pocTae BiAmosBigHo Bix 3,4+ 0,1 1o
11,2 £0,3 nmi6. OueBugHO, i€ MOXKHA MOSICHHUTH
npurHideHHsM QyHkmii L3 3i 3pocTaHHsAM CTyTEHS
ii pagiamiiHOTO YIIKOIKEHHSI.

1. W.A. Bacunenko, HO.A. KnaccoBckuii, H.®. Tepexon
u B.M. KpacHokytckuit, http//iodneisotope.ru (2011).

2. B.B.Komneco, P.A.PasueB, E.C.MatyceBuu u
B.C. CraBunckwmii, MeaunnHCKasi paguoiorus U pa-
JMUaIoHHas 6e3omacHocTh 3, 51 (2002).
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JOCIIIKEHHS EOEKTUBHOCTI BJIOKYBAHHA 1[II/ITQHOI[IBHOi 3AJI0O3HU IIYPIB
EJIEMEHTAPHUM CTABLJIBHUM HOJO0OM

L. II. Apo3n, A. I Jluncbka, T. B. Huranok, B. A. lllutiok

Incmumym si0eprux docnioxcenv HAH Yrpainu, Kuisg

Js 3axucty mmuromnoniouoi 3amosn (L3) mpwm
HaJXOJKSHHI JI0 OpraHi3My pajlioaKTUBHHUX 130TOIIIB
oMy IMIUPOKO 3aCTOCOBYIOTH MpEenapaTH CTa0iIbHO-
ro #oxy (**'I). IxHe m03yBaHHS MHUPOKO BHBYANOCK,
BUXOJSYM 3 MOJeJeH HogHoro merabomisMy, y 2-i
nmonoBuHi XX cr. 3rigHo 3 [1], AOCTaTHBOIO s
ommcy MeraGomismy 'l y cCaBIiB € TpHUKamepHa
MOJeITb, IO BKItouae nBi kamepu 113: G — opraniyu-
HO 3B’SI3aHU WOM 1 g — HOAMIT Ta OIHY EKCTPATHPEO-
inny kamepy E. CuHTe3 opraHidyHO 3B’s3aHOTO MOy
3MIUCHIOETRCS B HANPSAMKY Bim g A0 G, a cexperris
ropmony — Big G 1o E. 'opMoHanbHU# ol MOBIIb-
HO PO3MAaJa€ThCS B TKAHWHAX, IEPEXOITYN B HOIU/-
Hy dopmy. Momum BUBOAMTECSA 3 OpraHisMy 3a pa-
XYHOK HHUPKOBOTO KIIIpEHCY. Y IIypiB MeTa0omi3m
BT 3an0BinsHO onucyeTscsi nBoKaMmepHOO (G-E)
MOJICTLIIO.

Mexanism OmokyBanHs 113 y mpoMy BHUIanky
MOJKHA TMOSCHUTH, BUXOSUN 3 KIHETUUHUX PIBHSIHb:

dG/dt = -BG + [d(G)] - E;
dE/dt =BG - [y + d(G)] - E;
d(G)=R(1 - G/S),

ne G, E — Bmict Hiomy B BIAMOBIAHIN Kamepi; f —
KOHCTaHTa IIBUJIKOCTI TPAaHCHOPTYBAaHHS HOmy i3
kamepu G B kamepy E; y — KoHCTaHTa TpaHCTIOPTY-
BaHHS y 3BOPOTHOMY HampsiMi; R — KoHCTaHTa MIBH-
IKOCTi HOAyBaHHA THUPEOTIOOYIiHY, y BHIIQJIKY,
ko 1113 nmoBHicTIO BibHA Bif HomMy; S — rpaHWYHA
KUTBKICTh #Homy B Mr, saky I3 3matHa 3B’s3aTh B
rIo0yIiHOBOMY Jiero. S = const i JJist IypiB IOpiB-
Hoe 0,115 mr [1]. Skmo nepen HAIXOMKEHHSIM pa-
MIOAKTHBHUX 130TOMIB HOAY /MO OpraHi3My BBECTH
JIOCTATHIO KUIBKICTh CTaOIIBHOIO HOAy, TakK 100
G =S, 1113 Oyne Ha neskuii yac 3a0J0OKOBaHA i pa-
MIOAKTUBHUN HOA OO0 Hel Maibke He HaAXOIUTHME.
Ha mpaktumi mnoBHoro OnokyBanHs I3 mocsartu
HEMOJKJIMBO. 33JI0OBUILHUM PE3yJIbTATOM BBAXKAETHCS
omokyBanHs Ha 97 - 98 %. [us Onoxyeanns 1113
BHKOPHCTOBYIOTh TE€peBaXHO Homua kKamo. Lle,
OUYEBHUIHO, € JOIIBHUM, OCKUIbKH, 3TimHO 3 [2], ¥
I3 KOHLEHTPYIOTHCS MEPEBAKHO HOMUAM, TOMI SIK
eJIeMEHTapHUN HOJM HAKOIUYYETHCS B EKCTpaTHpe-
OITHUX TKaHWHAX, 30KpeMa B MOJIOUHIH 3a11031. Kpim
ILOTO aBTOPU POOJISITH AOMYIIEHHS, 110 €JIeMEHTap-
HUW WOA TIpH BCMOKTYBaHHI y CTIiHII IUTyHKa He

HIOPIYHUK - 2011

MIEePEeXOaUTh Y Hoaua, oTxe 6mokyBanus L3 exeme-
HTapHUM HOJOM Mae OyTH MEHII €(EeKTHBHUM, HiXK
HogunoM. OCKUIBKY 1€ JIOMYLIEHHs MEBHOIO MipoIo
HOPOTHUPIYUTD KJIACHYHUM YSIBICHHSIM, HAaMHU BOHO
MEepeBiPEHO EKCIEPHUMEHTAIBHO.

[lypam-camisam JiHii Bictap, macoro 200 + 15 T,
Uit gacTkoBoro OmokyBanHs L3 micms Bimbopy
KpOBI 3 XBOCTOBOT BEHU XBOCTH 3aHyproBaiu Ha 30 ¢
y 5 %-Huil CIUPTOBUIM PO3UMH eeMEHTapHOro CTa-
6inbaoro ioxy ('2’I). Yepes 1 rox TBapuHAM mep-
opaJIbHO 4epe3 30HJ BBenu 1o 65,9 kbk po3uuny
Hatpito iomuay Na'l y nucrunsosaniit Boxi. Ila-
paJielbHO BBENHM i30TON TBapHWHaM, SIKUM HE MPOBO-
I HomHy mnpoginakTuky. TBapuH yMepTBIAIH
(mo 5 wir.) y Tepminm 1, 2, 3, 8 ta 14 ni6 micns BBe-
JICHHS 130TOIY 3 JOTPUMAHHIM BUMOT CT. 26 3aKoHy
VYxpainu “IIpo 3axucT TBapuH Bij KOPCTOKOTO TIO-
Bomkenrs”. Bwmict 'l B I3 Bumiproamm
Y-CIIEKTPOMETPUYHUM METOJIOM 3 BHUKOPUCTAHHIM
Ge(Li) nerexropa AI'IK-60.

Pe3ymbraTé moCTiKEHHS HaBEIEHO Y TaOJIHIII.

EdextuBnicth 00kyBanns I3 cradiisHum fiogom

Pesin YacTka BiJ BBEAECHOI aKTUBHOCTI
OTIPOMIHCHHS ! 2 3 7 14
noba | moba | moGa | moba | moba
3 6mokyBarusM | 0,04 | 0,122 | 0,117 | 0,098 | 0,079
be3 6nokyBanust | 0,53 | 0,417 | 0,327 | 0,098 | 0,023

IMpu O6nokysanni I3 MakcMMyM HaKOITUYEHHS
130TOmy crocTepiranu Ha Apyry no0y micis BBeAEH-
HsT; 0e3 OJoKyBaHHS — Ha mepiry. [Ipy mpoMy merro-
HyBajoch 23 % Hoay BiJ MaKCHMaIbHO MOKJIMBOTO.
BusiBneno, mo npu OnokysanHi 113 edexkTuBHMiA
TIepiof] HaIliBBUBEIEHHS 3pic 110 5,64 ni0, mopiBHIHO
3 2,86 ni6 Oe3 OiokyBaHHS. OUYEBHIHO, 1€ MOXHA
MOSICHUTH €()EeKTOM 130TOMHOTO PO3BEIEHHS, 3Ba-
JKaro4H, 10 BUBeAeHHA Hoxy i3 1113 moxmuBe muire
IUIIXOM CEKperlii THPeOoTpomHoro ropMoHy. [loe-
neHo, mo 13 epexkTHBHO OJIOKYEThCS €leMEHTap-
HUM CTaOUILHUM HOIOM.

1. U.A.3BonoBa u U.A. Jluxtape, Kunemurka obmena,
buonoeuyeckoe oelicmeue paouoaKmueHulX U30Monos
tiooa, noxn. pen. FO.M. MockaneBa (M3n-Bo MHuT-Ta
ouodusuku, M., 1989), c. 41.

2. B.Eskin, C.E. Grotkowski, C.P.Connolly et al.,
Biological Trace Element Research 49, 9 (1995).
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PO3POBKA TH®OPMAIIIHHO-AHAJIITUYHOI CUCTEMHA JJIs1 PO3PAXYHKY
3AXUCHHUX BAP’€PIB MEJJUYHUX AAEPHUX TA PAIAIAIIMHUX YCTAHOBOK

O. B. I'aiinap

Incmumym si0eprux docnioncenv HAH Yrpainu, Kuig

3pocTaHHS YHCIa OHKOJIOTIYHHUX 3aXBOPIOBaHbB,
II0 CIIOCTEpIraeThCs B OCTaHHI POKM B YKpaiHi, BU-
Marae pilry4ux 3axofiB IIOMO TMOJIMIIEHHS POOOTH
SIK 3 PaHHBOI JIarHOCTUKHU Ta BUSBIICHHS 3aXBOPIO-
BaHb Ha SIKOMOTa OUIBII paHHIX CTaisfX, Tak i IO-
LIyKy HOBUX €(QEKTUBHUX METOIB JiKyBaHHI. Y
LBOMY IUIaHI METOIM SACPHOI MEIUIMHU BU3HAHI Yy
BCHOMY CBIiTi HAaWOUTBII MIHOBHMH Ta €(DEKTUBHUMU.
3aBAsKH Jep)KaBHIM MiaTpuMIli Ta (IHAHCOBIM J0-
IIOMO31 TIPUBATHHUX IHBECTOPIB Ii TEXHOJIOTIl BXKe
3HAWIIITA CBOE 3aCTOCYBaHHSA B YKpaiHi. Po3pobis-
IOTBCS. HOBI NMPOEKTH MEIUYHUX IICHTPIB, OCHAIIe-
HUX BUCOKOCHEPTeTUYHUMHU EJIEKTPOHHUMH TPHCKO-
proBadaM ISl TUCTAHIIWHOI pajioTepartii, IHKIOT-
pOHaMH Ta PagioXiMiYHHMH BHPOOHMLITBAMHU Paio-
¢dapmnpenapariB, y TOMY 4YHCIi UIS TO3UTPOH-
emiciitHoi Tomorpadii, BeneTbcst podoTa mom0 Po3-
BHUTKY HaWCy4YacCHIIINX METOJIB IPOTOHHOI Ta HEWT-
POHHOI Teparii.

OnHak po3BUTOK JaHOTO HANpsSMKYy B YKpaiHi BU-
Mara€ HasBHOCTI YITKOi HOPMAaTHBHO-METOIMYHOI
0asu 151 3a0e3MeueHHsl patialliiftHol Oe3MeKH mepco-
HaJly Ta HAcCeJIeHHS, SIKe MPOXKUBA€E B 30HAX MOTEH-
IIHHOTO BIUIMBY SIIEPHO-PAiallifHAX yCTaHOBOK
MeIUYHOTO Tpu3HadeHHs. Ciij 3a3HA4MTH, 10 Ha
CBOTOJHI Il MUTAaHHS I HE 3HAWIIIO, OBHOIO Mi-
poto, cBoro BupileHHs. Hampukian, ocCHOBHUM HOp-
MATUBHHM JIOKYMEHTOM, III0 OIHCY€E METOJHKY PO3-
paxyHKy 3aXUCHHX Oap’epiB ajisi OE3MeYHOr0 BUKO-
PHUCTaHHS MEAWYHUX BHUCOKOCHEPIeTUYHMX JIHIHHUX
MIPUCKOPIOBAYIB €JICKTPOHIB 3aiuImatoThes “‘CaHuTa-
pHbIE TpaBWia pasMelIeHHS W JKCIUTyaTaluu
YCKOpHTENEH 3MIEKTPOHOB ¢ 3Hepruei no 100 MaB”
(1980 p.), sxi HE BpPaxOBYIOTh y MOBHiil Mipi miaBH-
mIeHnX BUMOT, 3akpimiennx B HPBY-96 ta OCIIY,
Ta creuudiku BUKOPUCTaHHS MEIUYHHUX MPUCKOPIO-
BadiB.

IIpotsirom 2011 p. 6yno mpoBemeHo 36ip, y3a-
rajJbHEeHHS Ta aHaji3 ICHYyIOUMX HallioHaJbHHUX HOP-
MaTHBHUX JIOKYMEHTIB Ta MIXHapOJHUX PEKOMEH-
IaIid om0 IMPOBEICHHS PO3paxyHKIB cTallioHap-
HUX Ta AMHAMIYHUX 3aXUCHHUX Oap’epiB, MPOEKTHUX
pillleHb, ICHYIOYOTO JOCBily Ta AaHUX PajiallifHOro
MOHITOPUHTY. 3a pe3yJbTaTaMu Ii€i poOoTH Oyio
PO3pO0JICHO CTPYKTYPY Ta CTBOPEHO OCHOBHI OJIOKH
BiMOBiAHOI iH(pOpPMaLiiHO-aHATITUYHOI CHUCTEMH.
BusiBieHo, 110 icHy€ psii IPUHLUMUIIOBUX MUTaHb, AKi
noTpeOyIOTh CBOTO BUPIIICHHS, HANMPUKIIA] IPOTH-
piudsi, IO BHHUKAIOTH HpH CHpoOi OAHOYACHOTO

BukoHaHHS BuMOr GMP Ta pamianiiinoi Oe3neku
IIpU OpraHizamii MOBITPSHUX MOTOKIB 3 JabopaTopii
CHUHTE3y MEINYHUX pajaiodapMIipenapaTiB A0 MpH-
JIETIIAX TIPUMIIICHb, BHKOPUCTAHHS PI3HUX IIIXOMIB
O OLIHKK eHeprii BHCOKOSHEPTeTHYHHX (IOHAM
15 MeB) ¢GoTOHHHX IMy4YKiB €JIEKTPOHHHX IPHUCKO-
proBauiB (BJR-11, BJR-17), Bu3HaueHHS 9acoBOTO
NPOMIDKKY TPH BCTAaHOBJICHHI TPaHUYHO JOITyCTH-
MHUX JO30BHX HaBaHTa)KEHb Ha IMEPCOHAN Ta Hace-
nmeHHs (MUTTEBI 3HAYCHHS, CEPEIHI 3HAYCHHS 3a
OJIHY TOAMHY, THXKICHb, pik Tomio). CTBOpeHa cuc-
TeMa Jajia 3MOTy BH3HAYUTH CTYIiHb HEBU3HAUEHO-
CTi, 1110 BUHMKAE B PE3YJIbTATi 3aCTOCYBAaHHS Pi3HUX
METOZIB Ta IMAXOMiB, HAPHUKIAI MPH PO3PAXYHKY
3aXMCHUX CTiH, JJIs1 eKpaHyBaHHS (POTOHHOTO i HEl-
TPOHHOTO BUIIPOMIHIOBAaHHS JIIHIHHUX MPUCKOPIOBA-
4iB 3 EHEPTiAMH eleKTpoHiB moHan 10 MeB, 3ampo-
MIOHYBATH PsJl MPOEKTHHUX pillleHb OpraHizalii mosi-
TPAHUX TOTOKIB MPH BHPOOHUUTBI pagiopapmmpe-
MapariB I MO3UTPOH-eMICiitHOT ToMOTpadii TotmIo.

Takox Oyi0 mpoBeAEHO aHAJi3 ICHYIOUHUX MOJie-
Jel JpKeped BUIPOMiHIOBaHHS, IO BUKOPHCTOBY-
IOTBCSI, 30KpeMa, Uil PO3pPaxyHKIB 3aXHCHHX
Oap’epiB i3 3acTocyBanHsM makera MCNP. YcraHo-
BJICHO, IO BiJl BUOOPY BUXIJHUX MapaMeTpiB Moje-
Jel, 30KpeMa CHEKTPaJbHOI0 PO3MOITYy BHIIPOMI-
HIOBaHHS, KIHIIEBI Pe3yJIbTaTH MOJCIIOBAHHS OJIHO-
ro i TOTO X JKepena, OTpUMaHi Pi3HUMHU aBTOpaMH,
MOXYTh CyTTEBO Binmpi3HsTHCs. HemocTtatHicTh iH-
(dhopmariii, 0 HATAETHCSA BHPOOHUKAMHU TTPHUCKOPIO-
BadiB, Ta MOSBa HOBUX 0araToONeIOCTKOBUX KOJIiMa-
TOpiB 1 3aco0iB (hopMyBaHHs Iy4YKiB Ta MOIYJSLII
iXHBO1 IHTEHCHBHOCTI BHMAra€ MOCTIHHOTO aHaNi3y
ICHYIOUOT0 TPAKTUYHOTO JOCBIAY W €KCIIepHUMEHTa-
JBHUX JaHUX JJIS1 BHECEHHS BiAMOBITHMX KOPEKTHB
[IPY IPOBEJCHHI MOAETIBHUX PO3PAXYHKIB.

Po3pobnena indopMaliiiHO-aHAIITHIHA CHCTEMA
anpoOoBaHa Ha KOHKPETHHX MpPUKJIAIaxX MpH MpoBe-
JICHHI  PO3paxyHKiB  CTal[iOHApHUX  3aXHCHUX
Oap’epiB (CTIHOK MPOIEAYPHUX MPUMIIICHB 1 ABEPEH
nabipuHTIB), TOIIYKY ONTHMAIBHHUX MPOEKTHUX
pillleHp opraHizamii quHaMiuHuX Oap’epiB (TIOBITPS-
HHAX TIOTOKIB 1 CHCTEM CIICIBEHTHJIALI{), OIIHKH
TEMIIIB HaKOMWYECHHS MPOAYKTIB Pajioiizy MOBITPS
Ta YTBOPEHHs paliOaKTUBHHUX Ta3iB 1 aepo3odliB,
JI030BMX HAaBaHTKCHb HA IEPCOHAN 32 PaxyHOK
MIPOIYKTIB aKTHBAIIil, IO YTBOPIOIOTHCS TPH poOOTI
Cy4YacHUX MeIUYHUX MPUCKOPIOBAYiB.
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BLIBHOPAJMKAJIbHI IIPOLIECH Y KPOBI TA KICTKOBOMY MO3KY LIYPIB
IIPU PA3OBOMY BBEJEHHI "'1

0. II. I'puneBuy, A. L Jlunceka, C. B. Teaenbka, B. B. IlocnoJira

Incmumym si0eprux docnioncenv HAH Yrpainu, Kuig

OmanM 13 HaitHEOE3NMEUHIIUX PATiOHYKIIAIB, IO
notpanuB y HoBkiuis micist aBapii Ha YAEC i1 cdo-
PMyBaB OCHOBHY /103y OITPOMiHEHHS HACEICHHS, OYB
1], Pasom 3 THM Ieii i30TOI BUKOPHUCTOBYETHCS B
MEJMKO-010JI0TIYHUX 3aKJaJax sK 3 JIKyBaJbHOIO
METOIO, TaK 1 IJII JIarHOCTHUKH.

Bimomo, mo ioHi3ytoue BHIIpOMiHEHHS (30BHIlI-
HE ¥ BHYTpINIHE) 3MIHIOE HOPMAaBHUN TIepedir Bi-
npHOpaaukanbHuX Tpouecie (BPII) B opranizmi
moneit i TBapuH. PiBeHp 1XHBOT IHTEHCHMBHOCTI Ta
e(heKTHBHICTh peryiimii ¢pepMeHTHIMH Ta Hedep-
MEHTHUMHU CHCTEMaMH B OpraHax i TKaHMHAax BiJO-
Opakae MPOOKCUIAHTHO-aHTHOKCHUJAHTHE CITiBBiJI-
HOIIIEHHS, IO 3aJIS)KHUTh BiJ (i3i0JIOTIYHOTO CTaHy
TBapuH. MOro NOPYIICHHS BHACITIIOK YTBOPEHHS
BUIBHUX PaJMKaJiB SK NPU pajaionizi BOAH, TaK i Hii
KCEHOOIOTHKIB € OJHMAM i3 TPOBIAHHX MEXaHi3MiB
(dopmyBaHHS pamiallifHUX CTPYKTYpHO-(YHKITIO-
HAJIbHUX YIIKOJDKEHb.

[Ipencranena poboTa € pparMEHTOM KOMILIEKC-
HUX JIOCHTIJDKeHb ocobimBocTed mepedbiry BPII y
KpOBi Ta KiIiTHHax KictkoBoro Mo3ky (KKM) TBapuH,
OIIPOMIHEHMX Y PI3HMX JI03aX Ta IPU PI3HUX PEXKH-
Max, M0 TPUBAIMH Yac MPOBOIATHCS Y BT paio-
6iozorii Ta pamioekonorii IS[1 HAH Ykpainu. /{una-
Mmiky BPII 3a ymoB nepopansHoro (uepes 30H1) BBe-
nenns ' (114,8 xbx/TBapuHy) mocHmimKyBamu B
remodizaTax kposi Ta kiiTiH KKM mnypiB miHii Bic-
tap Macoro 200+ 151 3a MeETOAOM iHIYKOBaHOI
xeMimoMiHecieHnii  [1]  Ha  XemimoMiHOMETpi
Lum-5773 3 aBTOMarn4HOI OOpPOOKOI0 KIHETHYHHUX
napaMetpiB  XJI-peakuii. AHTHOKCHIAHTHY JaHKY
LLOTO TPOIIECY BUBYAIM 332 aKTUBHICTIO KaTalla3u -
KITIOYOBOTO (DEPMEHTY aHTHOKCHIAHTHOTO 3aXHCTY
[2]. KpoB mis mociimpkeHb OTPAMYBAIH i3 XBOCTOBOI

HIOPIYHUK - 2011

BeHH TBapuH. KiCTKOBHII MO30K BHMHBAIH OXOJO-
JDKEHUM 130TOHIYHMM po3unHOM NaCl i3 cTerHoBux
KIiCTOK. PiBeHb MepeKHUCcHUX MPOLECIB AOCIIHKYBaIH
Ha 3, 7, 14 Ta 22 no0y Bix MOYaTKy BBEIEHHS 130TOIY.

CriBCcTaB/IeHO B OWHAMIlll Ha OOHUX 1 THX XKe
TBapUHAX 3MIHM OKHCHOTO METa0oJi3My B mepude-
puuHiil kpoBi i KKM. BusiBeno xBunenonioHy 1u-
Hamiky BPII y xpoBi 3 MiHIMaJIbHMMH iXHIMH 3Ha-
yeHHIMU Ha 7 Ta 14 modu ekcrepuMeHTty. BigHOB-
JIeHHsI KiHeTHYHUX mapamerpiB XJI-peakii B remo-
Ji3aTax KpoBi croctepiranu Ha 22 mody ekcrepruMe-
HTY. AHami3 JuHaMikd pagioreHHux 3MmiH BPII B
nepudepuuniii kposi i KKM cBiguuTh npo oAHOTH-
MHy 3MiHy mokaszHukiB XJI gk y remosizaTax, Tax i
KKM. Karasna3Ha akTHBHICTb KPOBI IIIypiB HE3HAYHO
3MIHIOETBCSl BIIOJIOBXK EKCIIEPUMEHTY 3 aKTHBALI€I0
Ha 1 Ta 14 noOwu i 3HIWKeHHSIM Ha 7 100y, a Ha 22
00y HAOJIMKAETHCS 10 3HAYEHB KOHTPOJIIO.

OTtpuMaHi pe3ysibTaTH JAA0Th MiJICTaBU BBAXKATH,
1110 BBEJIEHA KiIbKicTh 1 He MPH3BOIUTE 0 CYTTE-
BuX 3MiH Tmepebiry BPII 1 mpookcumaHTHO-
AHTUOKCHJAHTHOI PIBHOBaru OKHCHOTO TOMEOCTa3y,
PO IO CBIIYMTH BiIHOBJICHHS KIHETHMYHUX Iapame-
TpiB XJI-peakuii remomizariB kpoBi, KKM i karana-
3HOi aKTHBHOCTI KPOBI.

PoGota BukoHyBanack Ha 0a3i sabopaTtopii pazi-
aIifHOl IIUTOT€HETHUKU Ta JOKIIHIYHOTO BHIPOOY-
BaHHA pamiodapManeBTHYHNX TIperiapaTis.

1. AWM. Cepkus, E.E.YebGorapes, B.A. bapaboii u op.,
XemumomunecyeHyust Kposu 8 3KCHePUMEHMATbHOU U
rkaunuyeckou owukonoeuu (Hayk. mymka, K., 1984),
184 c.

2. M.A. Kopomok, JLU. BanoBa, W.I'. MaiiopoBa u
B.E. Tokapes, Jla6. deno 1, 16 (1988).
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PAJIOEKOJIOI'TYHI YMOBH 30HU BIJYY/XEHHSA YAEC TA THKOPIIOPAIIA
PAJIOHYKJILAIB ¥ APIBHUX I'PU3YHIB 13 3ABPYJIHEHUX BIOTOIIIB

0. O. bypno, M. B. Kearono:xkcbka, A. Il Jlunceka, H. B. Kyxiu, B. I. Hikoiaes

Incmumym si0eprux docnioxcenv HAH Yrpainu, Kuisg

Tepuropis 30um BigayxeHas YAEC (3B) i Ha
ChOTOJIHI 3AJIMIIAETHCSA BIIKPUTUM JDKEPEIOM pa-
JIOHYKJIITHOTO €3a0pyJHEHHS, IO Ma€ CKIAJIHY
CTPYKTYPY PO3MOiNy pajiamiifHuX moiiB. Pamiony-
KIIiIHI BUMAJIHHS BUPI3HAIOTHCS PI3HOMAHITHUMH
dopmamu Ta ximiuauM ckiagoM. [pyHTOBO-KIiMa-
THYHI YMOBHU CYTTEBO BIUIMBAIOTH HA Mirpariro i
TIePEPO3IOALT PamioHyKIiAIB ¥ OioreHo3ax. B exo-
cUCTeMax PaJiOHYKIIIH MIrpyIOTh TO TPOQIYHUX
JIQHITFOTaX 1 aKTUBHO aKyMYJIOIOTHCS OpPraHi3MaMH.
ToMy TmpoBeZieHHS paAioeKOJNIOTIYHMX Ta paaiodio-
JIOTIYHUX NOCHTIDKEHh B yMoBax 3B 3ammmraeTncs
aKTyaJbHOIO 3a7a4et0.

MeTtor gaHOTO HIOCIHiPKEeHHS OyIlo OOCTiAuTH
BIUTHUB PaliOeKOJIOTIYHNX YMOB 3B Ha HaKOMWYeHHS
PamiOHYKIIJIB B IHAUKATOPHUX BUJIB JPiIOHUX TpH-
3YHIB y NMPUPOAHUX OioTomax 30HU. JlocimipKeHHs
BHKOHAHI Ha YOTHUPHOX MUIsTHKaX 3B i3 pi3HUMHE piB-
HAMH paniamiiaoro 3adpymnaenus — SxiB (1), Yuc-
toranmieka (2), I3ympymue (3), Kaskose (4).
006’ exToM nocHipKeHHs OyIIN TOIMY AL HOPHUII.

VY Mmicmsx BiVIOBY TBapHH BUMIPIOBAJIM TOTYX-
HICTh CKCIO3WIIMHOT /03U Ta INIJIBHICTH IMOTOKY
B-uacTHOK Hajg moBepxHew IpyHTY. IlpoBeneno
BiOip 3paskiB rpyHTY (0 - 30 cM) A7 OIiHKM BMic-
Ty pamionykiiniB. Ilicns crangapTHOi 1abopaTopHOi
MiATOTOBKM MPOO BHUMIPIOBaHHS NPOBOAMIM Ha
y-cnektpomerpi CANBERRA Tta B-cmekrpomerpi
“CEB-50”. Cnektpu o00poOIsuM 3a JTOIIOMOTOIO
nporpamu WINSPECRUM.

JociimkeHo piBHI pafioakKTUBHOTO 3a0py HEHHS
Ha EeKCIIEpHMEHTANbHUX MOJIiToHaX. Y mpobax IpyH-
Ty BHUSIBICHO NPHUCYTHICTh TaKWX PagiOHYKIidiB:
137Cs, 9OSr, 241Am, 154Eu, 238'240Pu, YK . Haii6inpumii
BHECOK y 3arajbHy paJlioaKTHBHICTh BHITaJ[iHb BHO-
cath 'Cs i *°Sr. Tumi PamiOHYKIIITH 3HAXOIATHCS B
CJIITOBUX KIJTbKOCTSX.

[ToTyXHICTh €KCHO3WIIHHOI O03W Ta UIIbHICTh
3a0pyIHEHHS Ha AUITHKAaX BiIJIOBY TBApHH IPEICTa-
BJICHO B TaOnuIi. XapakTep MpOCTOPOBOTO PO3MO/Ii-
Ty panmialifHUX MOJIB MaB IMEBHI OCOOJIMBOCTI: Ha
ninsHKax 1 Ta 2 crmocTepiraau BUPaKEeHY “‘THIIMUC-
TICTH”, @ Ha IHIIMX — JO30BI MOJS PO3MIOAUISIIUCH
OB PIBHOMIPHO.

3arajabHa XapaKTepUCTHKA PaTiOAKTHBHOIO
3a0pyaHeHHs JiISHOK

= | IloTyxHicTb ekc- TinpHiCTH 320pyIHEHHS
,E MMO3UIIIHHOI 1031 Tepuropii KBK/M?

=} -BHIIPOMIHIO- 137 90

= ];YaHHH,p MKP/ron Cs St

1 550 - 1400 3495 - 19162 682 -2148
2 310 - 620 6029 - 17852 300 - 1027
3 71 - 69 1447 - 1724 34 - 196
4 20 -22 171 - 254 10 -23

JociimkeHo 0ocoONMBOCTI HAKOMWYEHHS Paiio-
HykTiaiB °'Cs i *°Sr B Tii MUIMIOMOIGHUX IPH3YHIB.
Jliana3oH 3HauYeHb MUTOMOI aKTHBHOCTI 1HKOPIIOPO-
BaHUX DPATIOHYKIITIB y TBapWH 3 PI3HUX MOJITOHIB
MIPEICTABIIEHO HA PUCYHKY.

E 90 = 137

£ Sr Cs
E - - 4
21000 g {1000
2 F 2 3
4 L1 C )
5 2 2 100
=) C C
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s 10g E E 10
g F 4 F '
= - 7 L
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[MuTOMa aKTHBHICTH IHKOPIIOPOBAHUX PAIIOHYKII B Y
TBapHH 3 Pi3HMUX MoiroHiB: SHiB - 1, Yucroramiska - 2,
Izsympynne - 3, Kaskose - 4.

PozpaxoBani koedinientn mepexoxy (KII) pa-
mionykminie 'Cs Tta *°Sr B maHmosi “rpyHt —
TBapuHa”. [lOCHiOBHICT TOJITOHIB 3aJIe)KHO BiJl
semmunan KIT *’Cs — Sni > Kaskose > Yucroraii-
BKa > I3ympyane, a Bix KIT *°Sr - Uucroramiska >
Kazkose > fHiB > [3ympynHe.

[MapameTpn HagXOMKEHHS paAiOHYKIIIIB A0 Op-
TaHi3My TBapWH OOYMOBIIEHI B OCHOBHOMY IPYHTO-
BO-POCIMHHMMH YMOBaMHU MICIIEBOCTI Ta 0iojorid-
HOIO JOCTYIHICTIO paJiOHyKIiIiB.
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PO HOBI NOKA3HUKU CTYIEHS IMPOMEHEBOI'O YPAKEHHSI OPITAHI3MY,
BUBYEHHSI TA CTBOPEHHSI HOBUX BUCOKOE®EKTHUBHUX I AKICHUX XAPYOBHUX
MMPOAYKTIB 3 MPOTHPAJIAIMHUMHU BJACTHUBOCTSIMH
JIKYBAJIBHO-ITPO®IJTAKTUYHOI OIi

B. I ITanamapuyk

Tnemumym adeprux docnioscens HAH Yrpainu, Kuis

AHani3 craHy 370pOB’sl HaCEJICHHS, MOTEPIILIOTO
BHacHiIoK YopHOOMIBChKOI KaTacTpou, Ta HaJgaH-
HSl HOMY CBO€YACHOI MEIMKO-CAHITapHOI JIOTIOMOTH
BKa3ye Ha HEOOXiAHICTh pO3POOKH METOAUK PaHHBOL
MIarHOCTUKH paliallifHUX YypakeHb OpraHizMy Ta
MIPOTHO3YBAHHS CTAaHy 3I0POB’S JIOACH, SAKI OTpH-
MaJId MIE€BHI J1030Bi HABAaHTAXKEHHSI HA OPTaHi3M.

VY nmocnigax Ha TBapuHax OyJ0 BCTaHOBJIEHO, IO
10HI3yI0Ue BHUNPOMIHIOBAHHS BHUKIHUKAE CYTTEBE
nopyuieHHs: oOMiHy JMiMiB y TKaHUHAX JTiM(OinHOT
cUCTeMH, MeMOpaH epUTPOLHUTIB, Y TOMY YHUCIi 00-
MiHYy CTEpHHIB y OlIKaX IUIa3MH KPOBi.

CrepuHn — 1€ BHUCOKOMOJIEKYJISIPHI IMKIII4HI
CIHMPTH CTEPOIAHOI MPUPOAH, IO Pa3OM 3 THIIUMH
JNTHAMA KOMITOHEHTaMHU Ta OiJIKaMU YTBOPIOIOTH
CTPYKTYpy BCiX OiojoTiyHMX MeMOpaH i KIITHH, €
(bi31070TTYHIMH  peryIsTOpaMi OOMiHY PEYOBUH B
opraHi3mi JIOAWHYU YU TBAPUH.

IMokazano, mo B MmpoIeci pO3BUTKY MPOMEHEBOT
XBOpPOOHM y TBapHH CTEPUHOBUI CKIIag MeMOpaH
EpUTPOLUTIB 3a3HA€ CYTTEBUX 3MiH YXe B IepIi
TOIWHU TiCHIs ompoMiHeHHSA B 1031 1 I'p 1 B 1031 6
I'p, mpu 11bOMY BiJI3HAYAETHCS HAKOMTUYCHHS XOJIec-
TEpUHY 1 CKBaJIeHY Ha (OHI 3HMKEHHS PiBHA IOIIe-
PEIHUKIB XOJIECTEPHHY — METACTEHONy Ta JIaTOCTe-
puHy. BogHouac y Oinkax mia3Mu KpoBi 10HiIZy09a
panmiamis Bxke B 1031 1 ['p BUKIIMKae 3HAYHI 3MiHH
CKJIaJy HEOMWIIOBAHMX PEYOBHH, Yy TOMY YHCII
crepuHiB. [Ipn bOMy KiNBKIiCTB CKkBaneHY y (hiOpH-
HOTEHi 1 B 0-, B-ro0yniHax 3MeHmyeTbes B 6 - 10
pasiB, a BMICT JaTOCTEpUHY 1 XOJECTEpUHY MiABHU-
IY€ETHCS B 4 - 5 pasis.

Bussneni pamiamiiiai 3MiHN y CKJIaji CTEpUHIB Ta
iXHIX TOXIJIHUX B TKaHUHAX JIM(OITHOI CHUCTEMH,
MeMOpaHax epUTPOIUTIB 1 OiKax IIIa3MH KPOBi €
SCKPaBHM TTOKa3HHUKOM CTYTICHS TIPOMEHEBOTO ypa-

HIOPIYHUK - 2011

JKEHHSI OpPTraHi3My BXe B TEpIIi TOAWHHU Iics 10Hi-
3yI04OT0 OIPOMIHEHHS i MOXYTh CIYyI'yBaTH TECTOM
paHHBOI JIarHOCTHKH MPOMEHEBOTO YPaXKEHHS JIIO-
JVMHH TIPY OIPOMIHEHHI MaJIUMH J03aMHU 10HI3yI0YO0i
pamiarii [1].

3 iHmoro 60Ky, 3a YMOB CKJIQIHOI PajliOeKOJIOT -
4yHOI cUTyauii B YKpaiHi, 110 CTBOpUIIACH Ticisl aBa-
pii Ha YAEC, mpobnema 3axuCTy 3I0pOB’S Hace-
JieHHsT Oyyia ¥ 3aJMIIA€ThCsA MPIOPUTETHOI Cepel
OaraThox mpoOiieM MiHiMi3anii Hachiakie YopHo-
Ouibebkoi KatacTpodu. Y 1bOMY 3B’SI3KYy OCOOIH-
BOT'0 3HAUYCHHS HaOyBa€ rocTpa morpeda 3miCHEHHS
MPOTHPAIiaifHOTO 3aXUCTY 340POB’ S HACEICHHS.

PesynpTatu mpoBeneHMX OaraTOYMCENBHHUX MO-
CJII/DKEHb 110 BUBYEHHIO BJIACTUBOCTEH HOBUX pPE4O-
BHH Ta Xap4OBUX JOMIIIOK Ha TBapUHAX 1 KIIIHIYHUX
CHOCTEPEXKEHb T 3MOTY OTPUMATH HOBi BHUCOKO-
SKICHI XapyoBi TPOAYKTH 3 MPOTHUpATialliitHIMU
BJIACTHUBOCTSIMH  JIIKYBaJIbHO-IPOMITaKTUYHOT il
10 TiAKPIMJICH] TPhOMa BUHAXOIaMHU.

Iloka3aHo, 10 KOMIIOHEHTH LUX HPOIYKTIB 31a-
THI CYTT€BO IIiJIBHITYBaTH PaTdiOpE3UCTEHTHICTS,
aKTUBHO BIUIMBATH Ha TIIOJIMOTEHTHI CTOBOYpOBI
KPOBOTBOPHI KJIITHHU KiCTKOBOTO MO3KY, IO JIEXKATh
B OCHOBI TIPOIIECY KPOBOTBOPEHHS Ta iMyHOJIOTiY-
HOT'O 3aXHUCTy OpraHizMmy, MiATPUMYBAaTH TOMEOCTa3
00MiHYy PEUYOBHUH Ta CHEPTii.

3acTocyBaHHS JaHUX HPOINYKTIB VIS JIKYBaHHS
XBOPHX 13 TACTPOCHTEPOJIOTIYHOIO TTATOJIOTIEI0 CKO-
podye TepMiH JIiKyBaHHS B cTanioHapi Ha 25 %.

1. B.W.Ilanamapuyk, B V Meosxcoynap. Hayu.-mexH.
KOHGh. no umoeam 10-nemuetl pabomvl no UKEUOAYUU
nocneocmeuii agapuu na YA9C “Yepnobwvinb-1996"
(3enensiit Moic, 1996), ¢.439.
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AHOTALIIl POBIT

PE3YJIbTATH PAJIIAHIMHOIO MOHITOPUHI'Y OB’EKTIB HABKOJIMIIHBOI'O
INPUPOJHOI'O CEPEJOBUIIA B 30HI BILIMBY TPUTIEBOI JIABOPATOPII
I JOCHJHULIBKOI'O AJEPHOI'O PEAKTOPA BBP-M I51/l HAH YKPAIHUM 3A 2011 p.

B. B. Tpumun, O. B. CBapuueBcbka, A. /[.Caxeniok, 1. A. Maawk,
O. B. I'aiinap, I. O. IlaBiaenko, A. U. Ky3bmina

Tnemumym adeprux docnioscens HAH Yrpainu, Kuis

Y 2011 p. BiANOBITHO IO perJIaMeHTy, 3aTBEPI-
KEHOTO0 TOJIOBHMM caHiTapHUM Jikapem Kuesa,
MIPOBOJIMBCS pajialliiHiii KOHTPOJIb 3a BIUIMBOM
TpuTi€BOi Mabopatopii i JOCHIJHULBKOTO SAEPHOTO
peakropa ([IAP) BBP-M I4]] HAH VYxkpaiau nHa
HaBKOJIMILHE IPUPOAHE CEPEOBHUIIIE.

KonTtposmtoBanucs piBHiI 3aranbHOl - 1 0-aKTHB-
HOCTi Ta BMICT OCHOBHUX PaJiOHYKIi/liB TEXHOTECH-
HOro roxomkenus (Hacammepex, “H, *’Sr ra *'Cs) B
aTMoc(epHHX Omajax i ocigarouoMy MHIY, BOII 3
ocHoBHUX KozektopiB ISl HAH VYxpainu, tamiii
BOJIi CHITOBOTO TMIOKPUBY, OEPE30BOMY COKY Ta IpyH-
Ti. TakoX MPOBOJMIINCS BUMIPIOBaHHS BMICTY KOPO-
TKOKUBYYHX (- Ta $-a€p030JiB y MPU3EMHOMY Iapi
aTMOC(EPHOTO TOBITPSI Ta MOTYKHOCTI €KCIIO3UIIIH-
HOI 103U Y-BUIIPOMIHIOBaHHS B KOHTPOJBHUX TOY-
Kax. 3 METOI CIIOCTEPEIKEHHs 3a pajialiiHuM 3a-
OpyIHEHHSIM TIPYHTIB y 30HI aepaiii BH3Ha4YaBCs
BMICT PamiOHYKIiZAiB PEaKTOPHOTO TOXODKEHHS Y
3pa3kax IPYHTY, BiliOpaHHX 31 CIIOCTEPEKHUX CBEP-

JUIOBHMH Ha TepHUTOpii Maiijanurka peakropa BBP-M.

3a pe3ysbTaTaMy BU3HAYCHHS CeIVMMEHTAIlIHHIM
METOAOM, y 6 KOHTPOJBHHX TOYKAaX CaHITapHO-
3aXMCHOI 30HH, CEpeAHbOPIUHI 3HAUYEHHS LIIHOCTI
BUTIA/IHD [-BUMIPOMIHIOIOUNX PaJiOHYKIIIIB 3 OCi-
JIAFOYUM THIIOM Ta aTMOC(EPHUMH OIaJaMu KOJIU-
Baiucs Bixg 0,082 mo 0,182 KBK/(MZ- piK).

Busnauenwuit (uepe3 1 100y micns Bimbopy 3pas-
KiB acmipalifHUM MeTOJOM) BMICT [3-aKTHBHHUX
aepo30IIiB y MPU3EMHOMY Iapi aTMOC(EPHOTO TOBi-
TpsI KOJMBaBCH Bix 2 - 10 5o 2,4 - 107 Br/.

CepenHi 3HaYeHHS 3arajibHOT TUTOMOI J-aKTUBHOCTI
CKHIHHMX BOJ 3 OCHOBHMX KOJIEKTOPIB pEaKTopa Ta
TputieBUX nmabopatopii 'y 2011 p. craHOBUIM
0,61 + 0,15 bx/n (xomoms3p Ne 1 micims «SlcerHs») i

0,56 + 0,14 bx/n (komozsi36 Ne 2 1o Byi1. JIMCOTIpCHKiiA).

CepenHi 3Ha4eHHS TUTOMOI aKTUBHOCTI TPHTIIO Y
CKHJHUX BOJAX, Tallii BOJAI CHITOBOTO IOKPHBY Ta
Oepe3oBoMy coky y 2011 p. HaBenmeHO B TaOIHII.

VY uinomy Bci OTpUMaHi pe3yJIbTaTH BUMIPIOBAHb
panioakTUBHOTO 3a0pyAHEHHS BOIM OyJIM HHKYUMH
3a JIOMYCTHMIi KOHIIEHTpAIlii JJisi HaceleHHsS (Kare-
ropisa B) [1].

Cepenni 3navenns nuromoi aktusHocti (Q) *H
y 00’exTax BoaHOro cepenosumay 2011 p.

00’exT Q, bx/n
CkuHi BOIH:
konogs13b Ne 1 (mmicns «Slcenro) 73+18
KoJ1o/1s13b Ne 2 (1o By JIucoripchkiii) 189 +£47
Tasa Bojia CHIrOBOro NOKPHUBY 85+20
bepesosuii cik 199 + 50
BusHaueHHs BMiCTy pagiOHYKIIAIB Yy 3pa3kax

IPYHTY, BifiOpaHUX 31 CHOCTEPEKHHX CBEPIIOBHH
Ha TEpUTOpii MalilaHUYMKa PeaKkTopa, MOKa3ajio, L0
MMATOMa aKTHUBHICTH PaliOHYKIIIB 37Cs B Hmx KO-
nuBanack Big <0,3 Bx/kr mo 0,70 + 0,14 Bx/kr. Lle
CBITYATH TIPO BIJCYTHICTh TEXHOTCHHOTO BIUIUBY
ekcruryatarii peaktopa BBP-M na 3a0pyaHeHHS
IPYHTIB Ta WUTICHICTH pe3epByapiB i3 PiIKUMH pa-
N10aKTMBHHUMH BIOXOJaMU.

[otyxHicTh ekBiBanenTHOi n03u (ITE/]) y-Bumpo-
MIHIOBaHHA B KOHTPOJBHHX TOYKAaX Ha TEPUTOPIi
CaHiTapHO-3aXHMCHOI 30HW KommBajacs Bixm 0,12 mo
0,18 mx3B/ron (xonTponsHul piBeHb [IEJ] Y-dony
qutst repuropii Kuesa 0,26 Mx3B/ron [2]).

TakuM 4YMHOM, pe3yJbTAaTH padiallifHOr0 KOHT-
pomto 3a 2011 p. cBimyarp, Mo He OyJO BUSBIEHO
301IBIIEHHS BMICTY PaJi0aKTUBHUX PEYOBHH Y KOH-
TPOJILOBAHUX TapaMeTpax Yy MOPIBHSHHI 3 PiBHAMH
3a 2010 p. Ta xapaktepaumu it Kuepa. Lle minTse-
pIKye  OE3MeYHICTh IS JOBKULISA eKCIUTyaTarlil
TpuTieBoi nabopatopii i AAP BBP-M B 51/ HAH
VYkpainu.

1. Hopmu paoiayitinoi besnexu Yxpainu (HPBHY-97).
JAI'H 6.6.1.-6.5.001.98. (MiH-BO OXOpOHH 3I0pOB’s
Vkpainu, K., 1997).

2. Kommponwhi pieni nomysicHocmi eKgieaieHmuoi 003u
2aMMa-8UNPOMIHIOBAHHS, — 3A0PYOHEHHsI  NOBEPXOHb
bema-eunpoMIHIIYUMU PACIOHYKIIOaMU ma 8MICmy
paodionyknidie 8 tpyumi 01 M. Kuesa (KoHTpONBHI pi-
BHI - 2010), moromkeHi MiH-BOM OXOpPOHHU 3IIOPOB’s
Vxpainu (et Ne7.04-54/580 Bix 09.08.2010 p.).
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PA3PABOTKA TEXHOJIOTMI U OPTAHM3AILIMS IPOU3BOJACTBA
PAJJMO®PAPMALEBTUYECKHUX IIPEIIAPATOB
B MHCTUTYTE SJEPHBIX MCCJEJIOBAHUN HAH YKPAWHBI

B. A. Arees, JI. K. be3npoonas, WU. H. BumneBckuii, B. B. Tpumun, B. H. llleBean

Hnemumym aoepuvix uccnedosanuti HAH Yrpaunvl, Kues

IToTpeOHOCTH sMEPHOW MEOWIIMHBEI B YKpawHe
yIIOBJIETBOPSIOTCS 32 CUET TTOCTABOK pagrodapmIipe-
napatoB (P®IT) uz Ilonpmm, PecryOnuku Y30eku-
craH, Poccumn, Uexuun, HO HE B MOJHOW Mepe H3-3a
BBICOKOM CTOMMOCTH MMIIOPTHOM MpOIyKUuH. B CcBs-
3u ¢ 3tuM B SAI HAH VYkpauns! B mocieIHue roasl
AKTHUBHU3MPOBAHBI PA0OTHI TI0 OPTraHU3AlUU CEPHITHO-
ro npowm3BocTBa POII, koTopsle Hanbojee MHUPOKO
UCTIOJIB3YIOTCS. B PAJIUOJIOTUYECKUX OTACIECHUAX Me-
JUIUHCKUX YUPEXKIECHUN YKpauHbl. DTO HATPUs Mep-
texuerar (* "Tc) — HanOOIEe BAXKHBIH TIpernapar s
JIMarHOCTUKU OIMYyXOJIEH Pa3HbIX JIOKAJIM3ALMA U HE
OITyXOJIEBBIX MATOJIOTHI OpraHu3Ma, a TaKkKe HaTpus
itomuz ('T) — mpemapar, KOTOpBIil HCIIOIB3YETCS TIPH
JIUAarHOCTHKE U TE€PAIlUy paKa IIMTOBUIHOM JKeJle3bl U
ero meracrazoB. O0a coeAMHEHHUS B MOCICAYIOIEM
CMOTYT HCIIONB30BaThCs s BBeAeHus " Tc u °'1 B
pa3Hble QpyTye Npenaparhkl.

"Tc¢ moMyYaroT KaK JOYepHUI MPOIYKT pacmaaa
%Mo, koTopblii 06pasyeTcss B pesysibTaTe sAepHOIl
peaKUHH paIMaIMOHHOr0 3axBata ~ Mo(n, )Mo
pu 00JydyeHHH OOOTalIeHHOTO MWW TPUPOTHOTO
MonunbaeHa HeliTponamu peakropa BBP-M. Makcu-

N 131, 2
MajbHasl IJIOTHOCTh MOTOKA HEUTPOHOB 610 °c cm ™.

Pa3paboTana TeXHONOTHS TOMY4YEHHUS HATPUSL
neprexuutata (*"TC) CO CTALMOHAPHOTO LEHTPAIIH-
30BaHHOTO 3KCTPAKIMOHHOTO TeHepaTopa B “rops-
qux”’ KamMepax HCCIIeIOBaTeIbcKoro peakropa. LleH-
TPaJM30BaHHBI ['€HEPATOP COCTOMUT M3 IEHTPOOEK-
HOTO DKCTpaKkTopa, O0OpymoBaHMs IUIA (acoBKH,
KOHTpPOJIAI KadecTBa Mperapara M y3ja YHaKOBKH
FOTOBOM MPOAYKLUUU B TPAHCIOPTHBIE KOHTEHHEPBI.
B MemguuuHckue yupexaeHHus OyIeT MOCTaBIISATHCS
TOTOBBIH K WCIOJB30BAHHIO AIFOAT HATPHUS TEPTEX-
Herata (*°"TC) B FepMETHUYHO 3aKPHITHIX (HIAKOHAX C
akTuBHOCTBIO 4 - 12 Bk cormacHo TpeOoBaHHAM
KIIMHUKA. DTa TEXHOJIOTHSl pacCuWTaHa Ha oOecre-
yenne kKMuHUK KueBa n Kuesckoit oGmactu.

B nabopatopun panuonykiaunoB u POII qisa no-
nyuenus HaTpus meprexserata (- "Tc) paspaboran
IOPTAaTHBHEIT reHeparop ~ Mo/” "™ T¢ m1s Hcros30-

BaHUS B MEAUIMHCKUX YUPEKICHUSAX BCEU YKpauHBI.

Pabounm martepuanom reHepaTopa ciry>kuT Mo-Zr-
refb, KOTOPBIA CHUHTE3UPYETCA C HUCIOJIb30BaHHUEM
%Mo, TONTYYeHHOro HpH OBIyYEHHH HPHPOIHOTO
OKCHJIa MOJINOJICHA HEHTpOHaMM peakTopa. Ycra-
HOBKa CHHTE3a TeJs I03BOJISIET Tepepaborarh 3a
onuH UK 10 20 T okcuma MoIuOaeHa. DIFOUPOBa-
HUE TeHepaTopa U30TOHUYECKHUM PacTBOPOM XJIOPH-

HIOPIYHUK - 2011

Jla HATpus OCYIIECTBIAECTCA BaKyyMUPOBAHHBIMU
(1akoHaMH, KOTOpBIE Pa3MEMIAIOTCS B 3alIUTHOM
KOoHTelHepe. ['eHepaTop oOecreurBaeT SIIOUPOBa-
aue 10 70 % *™Tc B 10 M amoara.

OcHOBHBIC (PU3UKO-XMMHYECKHE CBOWCTBA Ha-
Tpus neprexuerara (©"Tc) COBCTBEHHOrO MPOU3-
BOJCTBA M3y4Yald B CPABHEHHUM C MpernapaToM Ipo-
m3BonctBa ¢upmsl POLATOM 1o crangapTHBEIM
METOHUKAM.

[Ipu BHYTpHUBEHHOM BBEIEHHH Ja0OPATOPHBIM
KPOJSIM PacTBOPOB HATpHs meprexHerata (1 "Tc)
MOKa3aHO, YTO HCIBITAHHbIE MpenapaTbl OTBEYAIOT
TpeOOBaHUSIM Ha OTCYTCTBUE MTUPOTCHOB.

Jlast mapaborku 'l mas POIT Hatpus iioamma
HCIIOIB30BaAJIM 00yUeHHE METaUNTNYECKOro TeuTypa
TEIJIOBBIMU HEUTPOHAMH.

Pa3zpaboTaHo OmHOCTAIMITHYIO TEXHOJIOTHIO BBI-
nenenuss 'l M3 MeTAIUTHUECKOrO TEITypa TepMo-
rpaduueckuM MeronoMm. Beixox "'l m3 marepumana
muieHu npessimaer 70 %. B mpouecce otaenenus
Pl or Temmypa B mpueMHOM cocyme o6pasyercs
TOTOBBIM Tpenapar (Harpus Homun), ¢usnko-
XUMUYECKUE TapaMeTpbl KOTOPOrO0 OTBEYAIOT Tpe-
0OOBaHUSAM €BpONEHCcKON hapMaKOIeH.

B uccnenoBanusx Ha 1ab60paTOpHBIX KpHICAX IO-
KazaHa WICHTHYHOCTh (apMakokuHeTuku POII,
HapaboranHbeix B UM HAH Ykpaunsl, u cooTBet-
CTBYIOIINX pe(QepeHTHHIX MpPenapaToB MPOU3BOICT-
Ba POLATOM, uTo moxaTBep:KIaeT UX OHMOIKBHUBA-
JICHTHOCTb.

Ha nannbnii MoMeHT pa3paboTaHBl MMPOEKTHI TEX-
HUYECKOTO U TEXHOJOTMYECKOTO PErjiaMeHTOB IpO-
uzBoacTBa POII: pacTtBopoB HaTpus Hoauaa (1311) u
HaTpus meprexHerata (- "Tc) CO CTAIMOHAPHOTO
LEHTPAJIIM30BAHHOIO TEHEeparopa M MPOU3BOACTBA
MOPTATUBHBIX TeHepatopoB ° Mo/”""Tc; mpoeKTsl
(hapMakomneiHBIX CTaTell; CTaHJapTHBIC OTEepPAIOH-
HbI€ IPOLEAYPHI Ul IPOBEICHUS KOHTPOJISI KauecT-
Ba TPOJYKIHH M MHUKPOOHOIOTHYECKOTO KOHTPOJIS
MPOU3BOACTBEHHBIX  MOMEUICHUH; HOPMATHUBHO-
TEXHUYECKasi JOKYMEHTALUSI HA U3TOTOBJIEHUE KOH-
CTPYKUUI TMOPTAaTUBHOI'O TEHEpaTopa TEeXHEeIHs Hu
3amMTHOro KoHtenHepa mig P®II Harpus homuna
(*'I) 1 TPaHCIIOPTHEIX YIIAKOBOK K HUM. 3aKaHUHBA-
eTCsl PeKOHCTPYKIHNS paJHOXUMHUYECKoi JabopaTo-
pun coriacHo TpedoBanusim GMP.

PabGora mpoBomuTCS TpPH TOANEpKKE TpaHTa
CNCP.
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PE3YJIbTATH JOKJIHIYHOT'O JOCJIIKEHHS PAJIO®APMIIPENIAPATY
HATPIIO HOAUJ (°'I). HAMIPALIIOBAHHST
IHCTUTYTY SIAEPHUX JOCJI)KEHb HAH YKPAIHU

JI. K. Be3npoona, B. A. Arees, L II. Ipo3a, T. B. lluranok, 1O. O. Hocau, B. 1. ®exopuenko,
JI. B. Tapacenko, O. O. Bypzno, T. B. Meabhuk, O. A. CoBa

Tnemumym adeprux docniosceno HAH Vipainu, Kuis

Paniodapmmpenapar (P®II) marpiro itomun ('T)
3aCTOCOBYETHCS B KIIIHIYHIA MPAKTHI IS JTIKyBaH-
HSl 3aXBOPIOBaHb IMUTOMOAIOHOT 3a/l03U (TUPEOTO-
KCHKO3Y, TOKCHYHOTO 0araToBy3JIOBOTO 300y Ta aB-
TOHOMHHX BY3JIiB, BUCOKOU(EPEHIIHOBAHOTO paKy
ITUTOITOAIOHOT 3aJT031 Ta HOro MeTacTasiB) i 3 miar-
HOCTHYHOIO METOI0 JJIsi BH3HAYECHHS 3JIMIIKOBOI
TUPEOINHOT TKAHWHHU Ta METACTa3iB IICIs Xipyprid-
HOTO BUJAAJIEHHS IYyXJIMHH, & TAaKOXX CKaHyBaHHS
HIUTONO/IOHOT 3aJI03U MPU HEMOKIIMBOCTI BUKOPHC-
TaHHg POII, mo CcTBOPIOIOTH MEHIIE NPOMEHEBE
HaBaHTaxeHHs, 30kpema (* "Tc).

B VkpaiHi y BifaiIeHHSIX sIIEPHOT MEAUIIMHU BU-
KOPUCTOBYIOTh mpenaparu Hatpiro itomua ('T) 3a-
koproHHoro BupoOHunTBa (Ilompmia, Y30ekucran).
Y maboparopii pamioHYKIIIiB 1 pamiodapmiperna-
parie IS1J]] HAH VYkpainu po3po0ieHO TEeXHOJOTiIo
CepiiHOr0 BHPOOHHILITBA PO3UYMHY HATpil0 HOIUX
(') m1s mepopansHOro 3acTocyBaHHS. 3a (hapma-
LUEBTHYHUMH TOKa3HUKaMHU (XIMIYHOIO, palioximid-
HOIO Ta PaJiOHYKIIJHOI YHCTOTOI0) Mpemnapar Bil-
MoBiTae BUMoram €Bpomneiicbkoi Papmakornei.

BianosigHo mo BuMoOTr Jlep:kaBHOTO €KCIIEPTHOTO
ueHTpy MO3 VYkpaiHu HaMU HPOBEIECHO EKCIIEpH-
MEHTaJIbHE MOpiBHsIbHE Aociimkeras POII Harpito
itomun ('1) BracHoro HampamroBaHHS 3 pedepeHT-
HUM TpernaparoM BupoOHuuTBa PamioizoromHoro
ueHtpy “Polatom” Incturyty aromHoi eHeprii
(ITonpmia) i miATBEpIKEeHHS iXHBOI OioJOTiYHOT
€KBIBAJICHTHOCTI.

HocnimxeHHs BHKOHaHe Ha 86 1abopaTOpHHX
mrypax-cammsgx JiHil Bicrap Bikom 3 - 3.5 wmic, ma-
coro 190 - 215 r. Ilpenapat BBOJAMIHN MEPOPATBHO 3a
JIOTIOMOTOI0 30HJa 3 po3paxyHky 95,8 Bk/r macu
TBapyHA. METOIOM raMma-pajioMeTpii CeKIiiHOTO
Marepianxy i BChOTO TiJla Ta €KCKPETIB MiIOCII THUX
TBapHH JIOCTIKEHO PO3MOILI I HAKOTIMYEHHS Bl g
14 opranax i TKaHMHaX Ta BUBEACHHS 3 HUX 1 3 Op-
ra”i3My B LIJIOMY.

SIx BUIHO 3 pPUCYHKA, KIHETUYHUI Mpodinb BMi-
CTYy pajioiiofy B IIUTOMOMIOHINM 3amo3i (opraHi-Mi-
[ieHi) mypiB uisi 000X TMperapariB aHAJIOTIYHHA.
Iepion mamiBHakommuenuss Tu 'l cranosus 0,22
no6u. MakcuMyM HaKOIMYEHHS CIIOCTEPiraliv yepes
1 noOy micns BBenenHs P®Il i BiH craHOBUB
48,18 % ma npenapaty [S/] 1 47,11 % nnsa pedepe-
HTHOTO. BuBenenns 'l i3 3amo3u BimOysamocs 3a
EKCTIOHEHLIHHUM XapaKTepoM i3 IepiofaMH HarliB-

BuBeneHHs: Ted = 3,57 ni6 i T6 = 6,42 ni6 Ta Ted =
=3,56 n0i6 i T6 = 6,40 ni6 must mpemapatiB S]] i
“Polatom” BianosinHo. Ty, 1= 8,04 no6m.
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Kinetnunuit npodisnbs BMICTY paaioioay B MIMTONOAIOHIN
3aJ1031 HIypiB micis nepopanbHoro BBeaeHHs Na'>'I.

Hakormuensuss '] B iHINMX JKATTEBO BaXKITHBHX
opraHax OpraHiamy He nepeBuIyBaio 4 % Ha opras.
3a BH3HAYECHHMM 3HAYECHHSIMHU MMHTOMOI aKTUBHOCTI
Bl g OopraHax 1 TKaHWHAX pO3PaxOBaHO MIO3H IX
OTPOMIHEHHS.

IoriuHeni 1031 B opranax mypis 3a nepopajbHOr0
HAAXO0KEeHHS NamI, ml'p

Opran “Polatom” 10
IlluTononiOHa 3a03a 6748 6782
[InyHoK (CTiHKA) 0,804 0,813
KumikiBHUK TOHKHI 0,664 0,665
KunikiBHUK TOBCTHIA 0,255 0,260
Hupku 0,596 0,585
CedoBuit Mixyp 1,346 1,298
Ileuinka 0,600 0,549
Jlereni 0,429 0,409

HageneHi B TabnuIli gaHi MATBEPHKYIOTh (PYHK-
[[IOHATBHY MPHUIATHICTH MpernapaTy HalpalfoBaHHS
A nns pamioitoareparii muTonoaiOHOT 3aM03u Ta
#oro MiHIMAJIBHWH TTOOIYHUH BILTMB HA iHII OpraHU.

TakuM YHMHOM, 33 IIBHAKICTIO ¥ KITBKICTIO HAKO-
NUYEHHS pafiodoy B OpraHi-MilleHi Ta iHIINX
KUTTEBO BAXKIMBHUX OpPraHax EKCIEPUMEHTAIbHHUX
IIypiB, & TAKOXK 3a IMIBUJAKICTIO BUBEIICHHS 3 HUX 1 3
Oprasi3my B IIJIOMY 1, BIATIOBIHO, 32 MOTJITMHEHUMU
nmo3amu  onpoMmiHeHHs POIl nHartpito Honmupg (1311)
HamparroBanas [S1/] HAH Ykpaiau ekBiBameHTHHI
npenapaty BupoOHuLTBa “Polatom”.
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PAIIOEKOJIOI'TA TA PAAIOBIOJIOITA

CHEKTPOMETPUYECKUI1 KAJIMBPATOP J103 PAJMOAKTUBHBIX IPEIAPATOB
JUISAA SITEPHOM MEJMIIAHBI

10. A. Boponemcol, B. B. Be.ﬂoryﬁl, b. B. Fpm{enl, A. B. Texrun’,
A. B. )IeMuHI, A. B. )qu]emcol, E. M. CeﬂereHeBI, B. A. Tapaconl,
B. B. TpHHIPIHZ, B. II. .JIqueHK03, B. H. IlleBean’

! Unemumym cyunmunnsyuonnvix mamepuanos HAH Ykpaunvi, Xapvkos
ZI/IHcmumym s0epuwix uccredosanui HAH Yxpaunwi, Kues
3000 «Paduogpapm» Hnemumyma soepuvix uccneoosanuti HAH Ykpaunsi, Kues

B sinepHoli MeanIMHE U1 ONIpEENeHUs BeTUIu-
HBl PaJHOaKTUBHOCTH Pa3IWYHbIX H30TOIOB, IpU-
MEHSIEMBIX B JHMarHOCTUYECKUX M TEPaNeBTUYECKUX
LEJISX, UCHOJIB3YIOT CHeUUaNbHBINA TPUOOp — KaIuo-
paTop [03 paANOAKTUBHBIX IIPENIapaToB.

B HacTosmee Bpems B kanuOpaTopax o3 [1, 2] B
Ka4ecTBE JETEKTUPYIOIIETO YCTPOMCTBA HCHONb3Y-
10Tcsi noHn3aunonHsle kameps! (MK), 3anonnennsie
HMHEPTHBIM Ta30M MO AaBieHueM. KOHCTpyKTHBHO
UK npeacrasnser co00d LMIMHAP C OTBEPCTUEM 110
€ero OCH, B KOTOpO€ IOMeIIaeTcs (IaKkoH WIH
LINPHUIl C PacTBOPOM pPaJHOAaKTHUBHOIO IIperapara,
AKTHBHOCTH KOTOPOTO HEOOXOAMMO ONPENIEIIUTh.

UzBectHO, yTO Taz0Bble UK mMeIOoT HU3KYIO 3-
(EKTHBHOCTh PETUCTPALMH TaMMa-KBaHTOB W JUIS
paboThl B 00NACTH CpPEJHUX U BBICOKMX DHEPTHUil
HEo0X0IMMO yBennunBaTh pasmepsl UK.

Kpome toro, UK He BBIMOTHSIOT (YHKIHIO CIICK-
TPOMETPHH SIACPHBIX U3IYUYEHHH, UTO B PsIJie CIydacB
ABJIsIETCS HEOOXOIMMBIM CBOMCTBOM KalIuOparopa.

CoBpeMeHHBIE JOCTHXKEHUS B 00JAaCTH IOJTyde-
HUS CHUHTHLISIIIMOHHBIX KPUCTAIIOB B ()OTOUYBCT-
BUTEJIBHBIX 3JIEMEHTOB [3] MO3BOJIWIN pa3paboTaTrh
KaJuOpaTop 03 HA OCHOBE APYTOH CHUCTEMBI JIETEK-
TUPOBAHUA TUNA CHUHTHILIATOP-PoToamnon. Kamuo-
paTtop 403 (PUCYHOK) COCTOMT H3IBYX OJIOKOB —
MU3MEPUTEILHON Kamepsl W OJIOKa pEerucTpaludl |
0TOOpaXeHUsl pe3yNbTaToB HM3MepeHHi. OCHOBHBIM
3JIEMEHTOM KaJInOparopa 103 SBISETCS OJIOK JETEK-
TUPOBAHUS, KOTOPBI BXOIUT B COCTAB H3MEPHUTEIIb-
HOM KaMepBhl.

Pa3paboTannblil KanubpaTop A03 MPOIIeN UCIIHI-
TaHHA B YCIOBHUSX PEaIbHOTO M3MEPECHUS BETMYHHBI
PAJMOAKTHBHOCTH OI0aTa IepTexHerata ° Tc,
MOJTYYEHHOTO M3 LEHTPAIM30BaHHOIO 3KCTPAKLIUOH-
Horo rereparopa (LI *™Tc¢ Ha sneprOM peakTope
BBP-M Uncturyta siaepHsix uccinepoBanuii HAH
VYkpaunsl [4].

IOPIYHUK - 2011

r

Bremnranii Bux kanuOpaTopa 103.

McXoQHBIM mpoxyKToM sBisuicst - MoOj; (¢ 060-
rameHueM 1o Mo 6Gomee 98 %), oGIydeHHbIH B
aKTUBHOM 30He peakTopa B TeueHue 100 yac B moro-
ke HeiTpoHoB 5 - 107 1 - em™ ¢!, B konie oGmyde-
HUS yIelbHAs aKTUBHOCTH ~ Mo cocTapisma 85 -
100 I'Bx/r.

Bcero 0buto n3mepeno 20 mpo0 3niroara meprex-
nerara (""Tc) 06beMOM 5 - 7 MJI ¢ aKTHBHOCTBIO
1,2 + 74,6 Mbk. CpaBHeHHE U3MEpPEHUI aKTUBHOCTH
TeX e oOpasloB Ha IMOJyNPOBOJHHUKOBOM raMMa-
CIIEKTPOMETPE TIOKA3aJI0 XOpOILIee COBMAIECHUE pe-
3yJbTaTOB BO BCEM JIMANa30HE.

1. Ilpocnexm ¢hupmor PTW Freiburg GmbH, 'epmanus.
www.ptw.de/isotope_calibrators.html.

2. Ilpocnexm ¢hupmor IBA Dosimetry. The ActIBAmeter.
www.iba-dosimetry.com/sites.

3. B.B.I'punes, B.I'. 3acnarckuii, A.M. Kynun, u op.,
Onrtuyeckuit xxypHan 76(6), 63 (2009).

4. O.I. Comopsuukoa, H.I1. Atamantoxk, B.II. JIeBuenko
u Op., YKpaiHCbKHMH pajionoriyauii xxypran 15, 315
(2007).
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HOJYYEHHUE OBPA3LOB JJ1 TAMMA-CIIEKTPOMETPUYECKOI'O ONPEJAEJEHUA
INPOAYKTOB AKTUBALIUM B TEXHOJIOI'HMYECKHUX KAHAJIAX PEAKTOPOB PEMK

A. H. Bepauszo, U. A. Mamiok, A. Jl. Caxeniok, B. B. Tpumun

Hucmumym soepruix uccreoosanuii HAH Yxpaunol, Kueg

Konmermust castus ADC ¢ dKCIUIyaTanuu Tpe-
JQyCMaTpHUBaeT TIIATENbHBII KOHTPOJh Ipolecca
KOHCEpBalLlMM PEaKTOPHOW YCTaHOBKH, €€ JAEMOHTa-
XKa 1 3aXOpOHEHHs. TeXHOJIOrHIecKne 0COOEHHOCTH
MIPOBEJICHUS 3TUX OMNEpaluil ONpenessIIoTCsl cocTa-
BOM M aKTHBHOCTBIO PaJHOHYKIHIOB B KOHCTPYK-
LUOHHBIX MaTepuanax saepHOH YyCTaHOBKH. Jlis
ADC c¢ peaktopamu PEMK B koHIIE 3KCIUTyaTaItnm
85 - 90 % obmeit akTuBHOCTH (0€3 ydera saepHOro
TOmMBa) OyHeT COCPEeNOTOYEHO B MaTepHale TeX-
Hostormueckux kananoB (TK). B [1] mpuBenen mepe-
YeHb OCHOBHBIX DPaJHOHYKIHIOB, KOTOpBIE OyayT
onpenensaTh akTuBHOCTH TK uepes 10 - 20 net mocne
octaHoBa peaktopa. Ilo Tunmy u3ilyuyeHHus UX MOKHO
pasfenuTh Ha TPU TPYHIBI: Y-U3Iy4arollue paguo-
HYKJIUIBI, «YUCTBIC» [-M3IydaTenu, «IUCTBIC»
K-3axBaTuuku.

B pabore onricanbl HEKOTOpble 0OCOOEHHOCTH Me-
TOIUKH TONYy4EHHs] 00pasloB Uil ONpeNesIeHHs
YAECTBbHOW aKTHBHOCTH Y-M3JIyHalOUUX pPaJHOHYK-
TUI0B U «4ucThIX» K-3axBaTunkoB B matepuane TK.
Jns uccnenoBanuii Opi1 B3sT MaTepuan TK peakro-
pa PBMK-1000 suepro6moka Ne 2 YADC. Bripesa-
JUCh  NPSAMOYTOJbHBIE  OOpaslbsl  pa3Mepamu
4 x4 x 1 MM u maccoit ~100 mr. M3mepenue crek-
TPOB Y-M3JIyUYCHHUS TOJyUYEHHBIX 00pa3LoB MO3BOJIHU-
JIO ONPEIENIUTh COJIEpKaHNe MPOTYyKTOB aKTHBAIIUN
*Nb u “Co. KpoMe aKTHBALMOHHBIX PaJHOHYKIIH-
JIOB B CHEKTpax M3Iy4YCHHs TOCTOBEPHO OOHApYKEH
BCs [2].

J1s cieKTpOMeTpUH PEHTI€HOBCKOTO U3ITy4EHUS
OBUT M3TOTOBJIEHBI «TOJCTBIE» M «TOHKHE» HCTOY-
HUKH.

TK W3roraBIuBarOTCS HPKOHUH-HHOOHEBOTO
cIulaBa ¢ coaepxkanuem 2,5 % HuoOus. B Hagame
ObuTa 0TpaboTaHa METOIUKA NepeBeleHHs 00pa3oB
TK B pactBopuMmoe coctosiHMe. B pesynbraTe ObIn
MpeJIoKEeH ONTHUMAJbHBIH BapHaHT pPacTBOPEHHUS
TK ¢ wucnomns3oBaHueM (QTOPUCTOBOJOPOAHOM
KHCIIOTHI Mapku o0.c.4. ¢ pazbasienuem 1 : 4. Ilpo-
LIECC PACTBOPEHUS OCYLIECTBIIAIM B IUIACTHKOBBIX
BHAaJax MpY KOMHATHOM TeMIiepaType.

«TomnCThIe» NCTOYHUKH HCIONB30BAINCH IS OII-
pesenenns akTHBHOCTH - "Nb METOI0M PEeHTIeHOB-
CKOM crHekTpoMmeTpud. JUIs HMX IPUTOTOBIICHHUS

WCTIONB30BAIMCH TE(DIIOHOBBIE TOJUIOKKH THAMET-
pom 20 MM ¢ yriy6rneHueM, umeronmm auamerp 10
MM U ryouny 0,5 MMm. B yrimyOnenue ¢ momoripto
MuKpormneTky (V = 5 MKIT) HaHOCHIIACh Karlis pac-
TBOpa oOpa3na. Kamns HakpeIBanach cBepXy saep-
HbIM (pUIBTPOM, ONarojaps yemy yilydiaiach paB-
HOMEPHOCTh PAacIpe/IeIeHns] pacTBOpa Mo IUIONIaan
yriryonenus. [lomioxka ¢ kamied W GUIBTPOM
B3BEIIMBajach JJIs OLEHKH MAacCOBOW JOIH UCXOJ-
Horo BemiecTBa TK, MOMeIIEHHOT0 Ha TOJUIOXKKY.
3areM MOJIOKKa BBICYIINBAIACH B TEPMOCTATE TPH
temneparype 60 °C, mocine d9ero mMpPOU3BOAMUIIOCH
U3MEpEHHE €€ Y-CIEKTpa.

Jnsa ompeneneHust yIenbHOW aKTHBHOCTH «4HC-
TeIX» K-3axBaTunkoB (41Ca, >Fe, 59Ni) HEOOXOUMO
KOJIMYECTBCHHO OTJACIWUTH ITUPKOHUI U HHOOWIA, T.C.
MONTyYUTh «TOHKHI1» UCTOYHUK, KOTOPBIH HE Conep-
KNT MATPMIGI M OCHOBHOI aKTHBHOCTH ° 'Nb n
%MNb, HaroIIMX OCHOBHOM BKJIag B BO30Y:KICHHE
PEHTTEHOBCKOT'O HW3Iy4YeHHs 3JEMEHTOB KOHCTPYK-
muu aerekTopa. C ATOH Ieapio OBLT HCIOJIB30BaH
METOJ HMOHOOOMEHHOW XxpomaTorpaduu, KOTOPBIHA
MO3BOJISET OTACIUTh UPKOHUN M HUOOWH OT TaKUX
JJIEMEHTOB, KaK MarHWil, HUKEIb, KOOANbT, XPOM,
’)Kene30, Kanbluuil. [[puHIMN MeTo1a COCTOUT B TOM,
YTO CUJIBHOKHCIOTHBIC AHUOHHMTHI U3 (DTOPHUIHBIX
Cpell UMEIOT CIIOCOOHOCTh K CHIJIBHOMY IIOTJIOIIIE-
HUIO TaKWUX DJIEMEHTOB, KaK ITMPKOHWM, HHOOWH,
MOJIMOJIEH, TaHTaN, TUTaH. JlJis OTHENEeHUs IUPKO-
HUS W HUOOUWS WCIIONIb30Bajl MOIUITHIECHOBYIO
KOJIOHKY, 3aIlOJTHEHHYIO CHJIbHOKHCIOTHBIM aHHO-
HutoM AB-17. W3 nmonmyuenHoro ¢ropuaHoro pac-
TBOpa 00pa3IoB OTOMpallach aIMKBOTA, KOTOpas
MOMeIaJIack Ha HOHOOOMEHHYIO KOJIOHKY. KomoHka
npomMbiBanack 2,5 %-aeiM pactBopoM HF. Omroat
cobupancs B Te(pJIOHOBYHD €MKOCTh M YIapHBAJICS
o oobema ~0,5 mi. OkoHUATENFHOE BBHITAPUBAHUE
pacTBopa MPOBOIMIOCH HAa TE()IOHOBOW ITOAJTIOKKE
quamerpoM 20 MM U UMEIONICH yriyOJieHHe ua-
MeTpoM 10 MM 1 riryOmHO# 1 MM.

1. A.C. Aurpornos, E.B.Topun, B.B.Iletpor u op.,
SnepHast u paguanuoHHas OezomacHocTe Ne 4, 42
(2000).

2. A.N. Berlizov, .LA. Malyuk, A.D. Sajeniouk et al., J.
of Radioanal. and Nuclear Ch. 277, 49 (2008).
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PO3POBKA IH<I)OPMAI"III71HO-AHAJIITI/I‘IHOi CUCTEMH
3 AAEPHOI KPUMIHAJIICTUKMU.
CTBOPEHHS BA3M JAHUX KOHTEMHEPIB PAJIOAKTUBHUX KEPEJI

O. B. I'aiinap, B. B. Tpumun

Inemumym sadeprux docniosicene HAH Vipainu, Kuis

PoGoua Hapana MixkHapoIHOT TEXHIYHOT pOOOYOT
rpynu 3 sigepHoi kpumiHanmictuku [TWG-16, mo
mpoxomuna y 2011 p. B Kuesi npu opranizamiiHii
migrpumii S]] HAH Vkpaiau, 3acBiguniia BaKiiu-
BiCTh 3yCWJIb 13 TIPOTH/IIT HE3aKOHHOMY 00Iry pajio-
aKTUBHUX PEUYOBWH 1 SIIEPHUX MaTepiaiiB Il 3a-
Oe3MedYeHHS CTAJIOTO PO3BUTKY Ta MOCHIICHHS PiBHS
Oesrekd Ha MDKHapogHOMY piBHI. Bpaxopyroun
3pocTarouy KUIBKICTh Ta PI3HOMAaHITHICTh ramysel
BUKOPHCTAHHS SIECPHUX MaTEPialliB 1 pagiOaKTUBHUX
JoKepen, y 0araTboxX IOMOBIIAX OyJIO HAroJOUIEHO
Ha HeoOXimHOCTI TOKpamlaHHs iHpOpMaLiiiHO-
AQHATITUYHOTO 3a0€3MEYeHHS] EKCHEPTHUX TIpyHn Y
raiy3i siepHOi KpUMiHATICTHKY.

Bignosigno no pimenas Kabinery MinicTpis
VYkpainu [S1J] HAH Ykpainu npusHaueHO FOJOBHOIO
EKCIIEPTHOIO OpTaHi3amielo YKpaiHu 3 imeHTudikarii
SIEpHUX 1 PaJioaKTUBHUX MarepiajiB, IO BUITyda-
10TbCsl 3 He3akoHHoro o0iry (IlocranoBa KMYVY
Neo 813 Bix 2 wepBHs 2003 p.). 3 METOI0 TIOCHIICHHS
e(EeKTUBHOCTI Ta OMNEPATUBHOCTI POOOTH SACPHO-
KPUMIHANICTHYHOI excrepTuzu mpotsirom 2011 p.
OyJ0 cTBOpeHO 0a3y JaHWX 3aXHCHUX KOHTEHHEpPiB
JDKEper pajiioaKTHBHOTO BUIPOMIHIOBAHHS, CTPYK-
Typy fKO1 BioOpaxkeHo Ha pUCyHKY. IIpu ii pospo-
011l BpaxoBaHi BUMOTH IIOJI0 BUKOPUCTAHHA 5K ca-
MOCTiHHOT iH(OpMariiiHol OMWHUIl, TaK 1 MOJab-
HIOTO BKIIOYEHHS 1O OibII 3araibHoi iHpOpMaIliii-

HO-aHAJITUYHOT CUCTEMH 3 SACPHOT KPUMIiHATICTHKH.

Ile, y cBoIO 4epry, BUMarae CTBOPEHHS YiTKOI CHC-
TEMH B3a€MO3B’S3KIB MK OKpPEMHMH KOMIIOHEHTa-

MU iHPOPMALIHOT CUCTEMH, PO3POOKH TEXHIYHUX
Ta opraHizaliiHMX 3aco0iB Iy 3amobiraHHs 1yO-
moBaHHS iH(OpMarii, 3abe3nedeHHs] MOXKIHUBOCTI
MPOBENICHHA CTPYKTypH3alii i TpymyBaHHs iH(Op-
MalliifHUX KaTeropiil Sk Ha MOYaTKy CTBOPEHHS CHC-
TEeMH, TaK 1 B TpoIeci ii eKcIuTyararii 3 ypaxyBaH-
HSIM HaOyTHX 3HAHb Ta TOSBU HOBHX CTPYKTYPHHX
eneMeHTiB. Takoxk Mae OyTH BpaxoBaHa crenugika
BUKOPHCTaHHS iH(OpMaIliifHOl cUCTeMH, sKa, Y TIe-
plIy 4epry, Ma€e HaJaBaTH KOPHCTyBadeBi (eKcrep-
Ty) MOXJIMBICTh MPOBEAEHHS MOIIYKY 3a Pi3HUMH
KkputepismMu. Hampuknaz, sk 3a MapKyBaHHSAM KOH-
TeliHepa (3 ypaxyBaHHSIM BiJICYyTHOCTI TIOBHOTH Ja-
HUX), TaK 1 3a 30BHILIHIM HOTO BUIIISIOM (Y BUIAJ-
Ky BIICYTHOCTi TaKMX MapKyBaHb). i uporo Oyio
PO3POOJICHO Sl OPUTIHAIBHUX ITIAXOMIB IO OpraHi-
3alii B3a€MO3B’sI3KiB Ta (HOpMYBaHHS ITOIIYKOBUX
3amuTiB. baza maHux Mae 3a0e3medyyBaTH TaKOX
ONEpaTHUBHUN MOLIYK NOKyMEHTamlii 3a MOBHOTEKC-
TOBHMH KOTIiSIMHU, IO 30epiratoThcs B iH(popMaIiii-
Hill cucTeMi.

Ha kinenp 2011 p. 6a3za qaHux Bwmimrye Oararopi-
BHEBY CTPYKTYpPOBaHY TaOJIMIIO KITIOUOBUX CIIiB
(thesaurus), kaTaior TMOCHWJIaHb Ha TIOBHOTEKCTOBI
KOIii JOKYMEHTaIlil, CTPYKTYpOBaHi KaTajoru rpa-
(higaux 300pakeHb, TAONHIH TaHUX IIOAO0 85 THIIIB
KoHTelHepiB. Hapasi po3po0iistoThCss KOMIIOHEHTH
iHpOpMaLiiiHO-aHAIITUYHOI CHCTEMH, 110 Nepeada-
YaroTh 3aCOOM ISl OLIHKH TOTEHIIIHHOTO BIUIMBY
PamiOaKTUBHOTO JDKepeia UM SASPHOTO Marepiaiy,
SIKM MO>KE 3HAXOIUTHCS Y BUITyUYEeHOMY KOHTEHHepi.
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INPOIHO3YBAHHS BILIMBY POBOTH LIEHTPIB
IHHO3UTPOHHO-EMICIMHOI TOMOI'PA®II HA JOBKIJLJIA

B. B. Tpumun, O. B. I'aiinap, 1. O. I1aBiaenko, O. B. CBapuueBcbka

Incmumym si0eprux docnioncenv HAH Yrpainu, Kuig

Bupimenus mpo0jeMu paHHBOI JiarHOCTUKA OH-
KOJIOTIYHUX 3aXBOPIOBaHb OOYMOBIIIOE aKTYalIbHICTh
CTBOpEHHs B YKpaiHi Mepexi Cy4acHUX IIEHTpiB
JUTS TIPOBEACHHS TIO3UTPOHHO-eMICiHOT ToMoTrpadii
(ITET). Ha cporonHi Hai0OiNbIIOr0 BU3HAHHS OTPH-
Manu paniodapmmpenaparu (PDIT) Ha ocHOBI KOpO-
TkokmBYunx pamionykmigiz ''C, PN, "0, "F. Ko-
POTKHUI Yac KUATTSA 3a3HAUYCHUX PaTiOHYKIIIIB 00y-
MOBIIIOE HEOOXITHICTh PO3MIIICHHS IHUKIOTPOHIB
(mns IXHBOTO HampaIIOBaHHS) Ta JIadopaTopii CHH-
te3y PODII GesnmocepenHbO B yMOBAaX OHKOJIOTIYHOT
KITIHIKH, SIKi 4acTO 3HAXOISAThCS B T'yCTOHACEJICHUX
paiionax Benukux mict. Lle, y cBolo uepry, BUMarae
PETENbHOro MiAXO4Y A0 CTBOPEHHSA HaAilHHX CHC-
TEeM iH)KeHepHHX Oap’€piB Ha NIIAXYy MOXKIHBOTO
BUXO/Y paliOaKTUBHUX PEYOBHH Yy HABKOJUILIHE
CEepeIOBHILE TA 3aXUCTY IIEPCOHAY I HACENICHHS Bix
JDKEpeIT 10HI3yI0Y0T0 BUIIPOMIHIOBaHHS.

OCHOBHMMH JDKEpelaMd 10HI3yIOUUX BHIIPOMi-
HIOBaHb Npu excruryataunii [IET-ueHTpy €:

1. MeauuHUil IUKIOTPOH [IJIsS HaIpallOBaHHS
palioaKTUBHUX 130TOIIIB.

2. Obnagnanns nabopatopii cunreszy POII.

3. PagioaktuBHi peuounu (P®II) y Bimkputomy
BUTJIAII.

4. TIET-KT cucrema ans cCyMilieHOi MO3UTPOH-
HO-eMiCiitHOI i KOMITFOTepHOT ToMOTrpadii.

5. PagioakTuBHI BiX0AH, IO YTBOPIOBATUMYTh-
cs mpu excrutyaranii [IET-KT uenrpis.

6. PamioakTuBHI BUKUAM Ta CKUIH, IO YTBOPIO-
BatuMyThcs nipu excruryatamnii [IET-KT nentpis.

Ha npuknani [IET-neHTpy 3 MEIUYHUM ITUKIOT-
ponom MINITrace (pipmu GE Medical systems)
OyJ10 MpOBENEHO PO3PaxyHOK CTALIOHAPHUX Ta IU-
HaMi4HHX Oap’epiB 1 3ampONOHOBAHO TPOEKTHI pi-
HICHHS 3aXMCHUX CHCTEM, a caMe:

CHUCTEMH CIEIBEHTWIAMII, o 3abe3rnedye BHIa-
JICHHS PaIi0aKTHBHO 3a0pyIHEHOTO TOBITPS 3 yCiX
NpUMIILEHb, JI¢ TPOBOIATHCS POOOTH 3 BiIKPHTUMH
JDKepeIaMu 10HI3yIouoro BUNpOMiHIOBaHHA. Ilicns
OaraTocTyneHeBol cuCTeMH (PiTbTpallii, 10 BKIIOYAE

BrucokoedexTuBHi aepo3onbHi (pineTpu (HEPA) Ta
(GINbTpU 3 aKTHBOBAaHUM BYTLIUISAM, OYHIIEHE MOBIT-
ps uepe3 BeHTWIILIHHY TpyOy HaAXOAWUTH Y HaBKO-
JIMILIHE CEPEeIOBUILIE;

CHCTEMH CIHElKaHami3amii, 40 AKOI HaIXOIATh
panioakTUBHO 3a0pyAHEHI CTOKM Il BUTPUMKH Yy
[IEHTPATI30BaHUX BiACTIHHMKAX, IO 3abe3meuye
po3maj pamioHyKIiAiB Ta 3HKCHHS 1XHBOI aKTHB-
HOCTi HWKYe BCTAaHOBIEHHX y [1] 3Hauens JIKp e,
MICIISl 4Oro Taki CTOKM CKMOATUMYTHCSI B TOCHOAAp-
40-100YTOBY KaHAJi3aIliio MpHu 000B’ I3KOBOMY KOH-
TPOJIi aKTHBHOCTI PaIiOHYKJIIIIIB Y HUX;

CHCTEMH TMOBOKEHHS 3 PaJiOaKTHBHUMH BiIIXO-
nmamu (PAB), o BKJIFOYa€ TUMYacOBi CXOBHINA Pifl-
KHX Ta TBepAux PAB, siki yTBOpIOBAaTHMYTHCS BHa-
CIIJJOK aKTUBalii JeTaield UKIOTPOHA Ta HpPHU TeX-
HOJIOTIYHMX Tponecax cuHTesy P®DII i mpoBeneHHs
ITIET-niarHOCTHKY.

Byio npoBeneHo OIiHKY BIUIMBY Ha HABKOJHUIIHE
Cepe/IOBHILE B yMOBaxX HOPMAJIbHOI EKCILTyaTamii
IIET-uenTpy Ta mpu aBapisix, y TOMy YHCIIi 3ampoe-
KTHUX. 3aBJSIKH 3alpOTIOHOBAaHHMM IPOCKTHHUM pi-
HICHHSIM CHCTEMH CIIELBEHTHJISILIi J030B1 HaBaHTa-
KEHHS B PEXHMI HOPMalbHOI  eKCIUTyaTamii
TIIET-ueHTpy 3HaXOIAThCS 3HAYHO HUXYE BCTAHOB-
nenoro HPBY-97 [1] 3HaueHHs] KBOTH JIMITYy 103U
3a paXxyHOK YCiX IUIAXiB ()OpMyBaHHS JTO3U Bif BH-
kuaiB (40 Mx3B/pik). [Ipu 3ampoexTHHX aBapiix (3
pYHHYBaHHIM YCiX 3axMCHUX Oap’epiB) edekTHUBHI
JI03H, SKi MOTEHIIHHO MOXE OTPUMAaTH HaceleHHS,
SKe TPOKMBA€E HA MPHIETINX TEPUTOPISIX, TAKOXK HE
MEPEeBUIIYIOTh 3HauUeHHSA | M3B, L0 € HMXKYOI0 Me-
KEI0 BHIIPABOAHOCTI Ul MPOBEINCHHSA OyIb-SKHX
KOHTp3axomiB [1]. 3aBasku po3poONeHiH cucTeMi
MoBOKeHHA 3 PAB BIUIMB OCTaHHIX Ha NOBKIJUIS
TaKOXX He rnepeadavyaeTsesl.

1. Hopmu padiayitinoi 6esnexu Yxpainu (HPBEY-97)
(Min-Bo oxoponm 3m0poB’s Ykpaiam, K., 1997),
c. 122.
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MMAPAMETPBI HAKOILUIEHHMS *'Cs CYJIAKOM (Lucioperca lucioperca (L.))

0. JI. 3apy6un', B. A. Koctiok'!, A. A. 3ajamcckmii’

! Mnemumym sioepuvix uccnedosanuii HAH YVipaunst, Kues
2 rCHIIIT «Oroyenmpy, Yeprobwiniwe

Cynmak — OfIMH W3 CaMbIX IIEHHBIX MPOMBICIIOBBIX
IIPECHOBOHBIX BUIOB PHIO YKPaWHbI, YTO 00YCIOBIH-
BaeT OCOOBI WHTEPEC K W3YyUYEHHIO PaTiO’KOIIOTHH
3TOro BUJIA.

Jlnsamuka conepxanust > Cs y cymaka KaneBckoro
BOJIOXPaHIIHINA ¥ BogoeMa-oxiaaurelst YADC nmeer
OTIIMYHTENBHBIE 0cOOeHHOCTH. boree OpicTpoe cHibke-
Hue conepxanms 'Cs Y Cylaka BOJOEMa-OX/IaIHTeNs]
YADBC (BO), mo-BumuMoMy, CBSI3aHO C OTHOCHTEIEHO
HU3KAM XPOHHYECKUM TOCTYIUICHHEM PJIMOHYKITHIOB
U BO3ICHCTBHEM HCKYCCTBEHHOTO TEMIIEPaTypHOTO
(haxTOpa, KOTOPHI MOXKET BIUSATH HA CKOPOCTh HAKOII-
JIEHUsI ¥ BBIBEICHHS PaTOHYKITHIIOB Y PHIO.

Jlunamuka ko> UIHEHTOB HakorieHus "~ Cs cy-
naxkoM KaneBckoro Bonoxpanunuiua u BO Heckoiabko
pasnugaeTcs MexXIy co0Oid, 4To, OYEBHIHO, 0OYCIIOB-

JICHO OTJIMYUSMU THPOJIOTMYECKOrO W TeMIleparyp-
HOTO PEKIMOB JaHHBIX BOJIOEMOB.

Y cymaka oOHapykeHa 3aBHCHMOCTb MEXIY
yIenbHEIM cofepikanreM °'Cs U Maccoil ocobn. C
YBEIIMUEHNEM Macchl (BO3pacTa) 0COOH YAENbHOE CO-
nepxanne °’Cs 3HAYHTENHHO YBETHUHBACTCH.

Conepxanne ' Cs y cynaka KaneBckoro Bogoxpa-
HUIUILA 3HAYUTEIBHO HIKe, a y cyaaka BO 3Haum-
TENFHO BHIIIE JIEHCTBYIOIIMX B HACTOSINEE BpEMs B
Yxpaune HOpM (IY-2006), KOTOpBIE OIPEACISIOT
MAaKCHMAJIBHO JIOMyCTHMOE cofepkanne ' Cs B pbibe
1o 150 Br/KT chIpoii Macchl.

Bricokoe, o ¢ paBHEHHIO C OONBIIMHCTBOM Jpy-
X BHIOB PbIO, comepkanme ° Cs y Cymaka Mo3BOIIs-
€T WCIONIb30BaTh J3TOT BUJI B KauecTBE OOBEKTa-
WHIUKATOpa PaJANOHYKIIFTHOTO 3ar A3HEHMSI.

INPOBJIEMbBbI OBPAINEHUA C BOAOEMOM-OXJIAJJUTEJEM
IHOCJIE BBIBEJIEHUS U3 DKCILVIYATAIIMU YAIC

0. JI. 3apyoun

Hucmumym soepruix uccreoosanuii HAH Yxpaunol, Kues

B pesynbrate aBapuu 1986 r. u mepornpusruii, cBs-
3aHHBIX C €€ JIMKBHUIAINEH, BOJ0EM-OXJIaJUTENb
YADBC (BO) okazayicsi omHIM U3 HauOOJICE paauaIi-
OHHO-3arpsA3HEHHBIX  BOJ0eMOB  30-KHJIOMETpOBOM
30HBI.

[lo mHUIMATHBE WHOCTPAHHBIX OpraHU3AIMNA BOJIE-
BbIM pemieHueM llpaBurensctBa Yipanuel HADC B
nekabpe 2000 r. mpekpaTtmia cBoro paboty. B aroit
CBSI3M BO3HMKAIOT BOIIPOCHI O II€TIECO00Pa3HOCTH CO-
XpaHEHHs TEXHOJOTHYECKHX OOBEKTOB, B TOM HHCIIE,
BXOJAIINX B IIPOU3BOACTBEHHBIN IIUKII ObiBIIeH ADC.

B nepBoM mprOmmkeHHN KayKeTesl panioHATBHBIM
npekpamienne noanutku BO u3 p. Ilpunars, uro mo-
3BOJIUT COKOHOMUTD OIPE/IEIIEHHBIE PAacXO/bl, CBA3aH-
HBIE C DKCIUTyaTalyeil ctaHimy noanutky. [lpu atom
ypoBeHb BonbI B BO moHm3uTcs Ha 6 - 7 M U OTOJIMTCS
3HauuTeabHAaA 4acTth Joka BO. Oromurcs ot 8 1o
15 kM’ BBICOKOPAIMOAKTUBHBIX JOHHBIX OTJIOKECHUH,
YTO OOYCIIOBUT YBENMUYEHHWE BETPOBOTO TOABEMA U
nepeHoca paauoHykiIuoB. [Ipousoiger U3MeHeHue
MOJIIOPHOTO YPOBHSI TPYHTOBBIX BoJ B paiioHe BO,
CTOKOBAsI aKKyMYJISIIIHS PAJAMOHYKIIHIOB B OCTaBIIIHE-
cst Ha Mecte BO HecKkobko BOJJOEMOB.

Crpecc u KapAWHAJIBHOE M3MEHEHHE YCIOBHH Cy-
IIECTBOBaHMS 00YCIIOBST, KaK 10 Macce, TaK | 10 KO-
JIMYECTBY BHIOB T'MOENh OTPOMHOTO KOJMYECTBA JKH-
BOTHBIX 1 pacteHuil. [lorn6rer mo 100 ThIC. T OHOTHI,
Cpeny KOTOpOW TPAaKTUYECKH BCE BOIOPOCIH W TIO-

HIOPIYHUK - 2011

TpY>KeHHBIE BBICIIUE BOJHBIE PACTEHHs, IOYTH BCE
JIBYCTBOPYATHIE MOJIUTIOCKH (B OCHOBHOM JIpeicceHa) U
OorbIIasi YacTh OCTAIBHOTO OCHTOCA, 3HAYUTENHHOE
KOJIMYECTBO PhIOBI. VICUe3HyT IIEHHBIC BUIIBI PBIO.

N3-3a cTOKOBO# aKKyMyJSAIIMHM 3HAYUTEIBHO YBeE-
TUYaTCd KOHICHTPALMU PAIUOHYKIHIOB B Pa3po3-
HEHHBIX BOJIOEMax Ha MecTe ObiBIIero joxa BO.

B pesynbraTe THHUEHUS NECATKOB (BO3MOXKHO, CO-
TE€H) THICSY TOHH OMOMACCHI, HECOMHEHHO, YXYAIITUTCS
CaHWUTAPHO-TUTMEHUYECKasi OOCTaHOBKA, MPHYEM KO-
JIMYECTBEHHBIH €€ MPOTHO3 MPaKTHYECKH HepeaJieH.

3HAYUTENEHO YBEIUYATCS PaTUAIIMOHHBIC PHCKH
JUIS TIepcoHaa.

C TouKM 3peHust OMOJIOTHH, 3KOJIOTHU U PaIHOIKO-
Joruy, 0a3UPYIONMXCA Ha MPHHIMIIAX OXPaHBI, WIIH,
0 KpaiiHel Mepe, HEBMEaTeNbCTBA, MOIIEPKUBAHUS
CJIOXKMBUICHCS. SKOCUCTEMBI Ha CYIIECTBYIOLIEM YPOB-
HE, MBI CYHMTAaeM, YTO €CJIH COBPEMEHHBIC YCIOBHSA
cymiectBoBaHusl BO He OKa3bIBarOT BIMSHUE Ha 0€30-
nacHocTh (yHkiponupoBanusst YADC, To Bo3meicT-
BUe Ha 3kocucteMy BO B Hacrosimiee Bpemst Oyner
HEOOOCHOBAHHBIM.

B nrobom ciydae HE0OXOIUMO IMPUHSTH OCTOPOK-
HOE€ U OYEHb B3BEUICHHOE pEUICHHUE O AajbHEHIIeH
Cyap0e STOr0 YHHKaIFHOTO BOZOEMa, B HACTOSIIEe
BpEMsI SIBIISTFOIIAMCST TIPEKPACHBIM  TIOTYTIPHUPOTHBIM
XPaHWIUIIEM PAJINO0AKTUBHBIX OTXOJIOB.
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PAJJMOHYKJ/INJHOE 3ATI'PA3HEHUME BBICIHINX I'PUBOB INOCJIE ABAPUU HA YASC

H. E. 3apyouna

Hucmumym soepuvix uccneoosanuti HAH Yxpaunwt, Kues

B 2011 r. ObuIM mOABEOEHBI UTOTH 25-IETHUX
HCCIIEIOBAHUI HAKOTUICHUSI aBapUMHBIX PaJUOHYK-
JUOB BBICIIMMHU IpubamMu Ha TEPPUTOPUU YEPHO-
OBUIBCKOI 30HBI OTUYXKACHUS U IOXKHOTO CIeay.

Jo nacrosimero Bpemenu (2011 r.) mmomoBbie
TeJa BBICIIUX TPUOOB SBISAIOTCS MaKCUMaJbHBIMU
HAKOMUTEISIMH OMOJIOTHUECKH 3HAYMMOTO JOJITO-
KMBYIIETO PagHoHyKanaa °'Cs B JECHBIX JKOCH-
CTeMax.

ITocne aBapum Ha YADC B rpubax ¢ukcrupona-
JUCh TPAKTHUYECKU BCE DPATUOHYKIHIBI, PETHCTPH-
pyeMble MEeTOo/IaMi TaMMa-CIIeKTpoMeTpun. B urone
1986 t. B mpobax Oemoro rpuba, oToOpaHHOrO Ha
nonurone «Tonokynb» (Kueckas obmacts, 60 kM
Ha toro-3amnazg ot YADC), ObuM 3aperucTpupOBaHEI:
B7Cs -39 £ 17, *'1— 115 + 45 u mapa '**Ba-'*"La —
229 + 37 Bbx/kr cwlpoit Macchl. B cienyromme mecs-
bl paAMOaKTUBHBIE HOX, Oapuil M JaHTaH yXKe He
(UKCHpOBAIHCh, YTO OBUIO CBSI3aHO C KOPOTKHM
MIEpHOAOM MONIypachaga 3TUX u3oronos. HauunHas ¢
ceHtsOpst 1986 T., 3HAUUTENBHBIN BKJIAa B cyMMap-
HyI0 aKTHBHOCTH aBapHIHBIX PaTUOHYKIHIOB, pe-
THCTPUPYEMBIX METOJaMH T'aMMa-CIEKTPOMETPHUH, B
rpubax BHOCSAT H30TOMBI IE3Us - B¥7Cs u 3Cs (mo
30 %). B 1987 - 1988 rr. BKIag cpaBHUTEIHHO KO-
porkoxmBynmx '“Ru, '“Ru, '*'Ce, "**Ce, °Nb, *Zr
B CYMMapHYI0 aKTUBHOCTh T'PHOOB 3HAYUTEIHHO
yMeHbplmiica, B cpegHeM ao 10 %. C 1989 mno
2000 r. mpaktuueckun 100 % axTHBHOCTH TpPHOOB
cocrapisor °'Cs u 134Cs, a ¢ 2001 mo 2011 r. —
IpaKTHYeCKH TOMbko °'Cs. BhIcTpoe CHIkKeHHe
CoZepIKaHUS 1311, 140Ba-MOLa, 106Ru, 103Ru, 141Ce,
144Ce, 95Nb, 971 B IUIOIOBBIX TENAX MCCIEIOBAHHBIX
BHJIOB CBSI3aHO C KOPOTKUM MEPHOAOM MOJypacmaa
ATUX U30TOTIOB.

B Teuenme Bcero mepuoaa uccinenoBanuit (1986
— 2011 rr.) comepxanne 'St B BBICIIHX Ipubax Bo
MHOTO pa3 (10 Tpex MOpPSIKOB) MEHBIIE, YeM CO-
nepxanme - Cs.

B oramume oT ApYruxX KOMITIOHEHTOB JIECHBIX
SKOCHCTEM, HakKoIUieHHe '~ CS MaKpOMHIETAMH
HOCHUJIO MO3TanHbli xapakrep. [lepBblid 3Tan Havyam-

ca B 1986 1. U UMen pa3NIUYHYIO MPOAOJIKUTEIb-
HOCTh Ul I'pUOOB, OTHOCAIIMMCS K Pa3HBIM 3KOJO-
rHYecKkuM rpynmam. J[Js 3Toro stama XapaKTepHO
@KEroJHOE yBEIHUeHHe cojepxkanus 'Cs B Ipu-
6ax. C HacTymjIeHHEeM BTOPOTO 3Tala B rpudax mpo-
HCXOJIUT CHU)KCHHE YPOBHEH yZEIbHON aKTUBHOCTH
3TOTO PaluOHYKIIUAA.

Ha yposru comepxanus °'Cs B rpuax BIHsET
0oJBIITOoe YUCITIO aOMOTHIECKUX W OMOTHYCCKUX (hak-
TOPOB: YPOBHH 3arpsi3HEHMs "~ CS TOUB, IPHHAIUICHK-
HOCTb I'PHOOB K ONpeIeIeHHOH 9KOJIOTUYECKOH IpyII-
1e, NIyOuHa JIOKaIN3allii MULIENIUS B [IOYBE U JP.

Conepsxanne °'Cs B Tpubax B mpeaeiax OJHOI
9KOJIOTHYECKOH TPYIIBI — CUMOMOTPOHOB — 3HAUU-
TenpHO pasnuyaercs (B 10 u Oonee pa3) mpu ycio-
BUK 0TOOpa Mpod Ha ogHOM mojuroHne. OCHOBHBIM
(axTOpOM, KOTOPBIM BIUSAET HA 3TH OTIMYUS, SBIIS-
eTcs riyONHa JOKaIN3alMd OCHOBHOM 4acTH MHIIE-
s KaXIOro OTHENbHOro Buaa B mouse. MuHu-
MaJIbHBIM CO/IEp)KaHHUEM 3TOTO PAJHOHYKIUAA CPeln
rpuboB-cuMONOTPOOB  XapakTepuzyercss —Oenblid
rpud. OTIMYUTETHFHOW OCOOCHHOCTHIO ATOTO BHIA
SBIIIETCS TIyOOKoe (0ojiee 5 ¢M) paclojioKeHHE B
MOYBE MULICIIHSL.

UccnenoBanus, npoeaenusle B nepuon ¢ 2006
mo 2011 r. mokazanw, 9TO BEJIMYHWHA COICP KAHF
7Cs B rpubax He SIBISAETCS MOCTOSHHOM BETHUMHOI
Y U3MEHSETCS Ha MPOTSKEHUHU Ce30Ha BEereTaltu.

B 3aBucumocTH OT MecsIa NOSIBICHUS IUIOA0BBIX
TeJ B rpubax OJHOTO BUJA HA OJHOM W TOM XK€ TO-
JINTOHE YPOBHH YJCIbHON aKTUBHOCTH ' CS pas3iu-
qarotcs B 10 u Gornee pas.

Crnenyer OTMETHUTH, YTO IUIABHOTO BO3PAaCTaHHA
ypoBHeil yienbHOM akTHBHOCTH 'CS B IUIOZOBBIX
Tesax 3a MepUoJ C Havyalla BEereTalud U 10 HOSOpPS
He ObuTo oTMeueHo. HampoTtuB, ce30HHas AMHAMUKa
yIeNbHOI aKTHBHOCTH '~ CS B TIOJOBBIX TeIaX IPH-
0OB HOCHT CIIOKHBIH CKauKOOOpa3HBIM Xapakrtep.
XapakTepHO, YTO Ka)IbIH OTIEIHHBIA BHI TprOOB
HMMEET CBOI0, OTVIMYHYIO OT APYTUX, KPUBYIO CONEP-
xanus 'Cs B IIIOJOBBIX TENaX.
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PAIIOEKOJIOI'TA TA PAAIOBIOJIOITA

HNCCIEJOBAHUE PAJUOHYKIIMJHOI'O COCTABA ®PAI'MEHTOB TOIIJIMBHBIX
YACTUL, OTOBPAHHbBIX BHYTPHU 4-ro BJIOKA YA3C

B. A. Kearono:xkckuii, M. B. Kearono:kckas, H. B. Kyanu

Hucmumym adepuvix uccaredosanuii HAH Yxpaunvl, Kues

HccnenoBanre TOIUIMBHBIX YacTHUIl, OTOOPAHHBIX
BHYTpH OO0BekTa “YKpwITHE’ B MOCIETHEE BpEMs
CTaJI0 IOCTAaTOYHO aKTyaJbHOM 3amauel. ITo CBsi3a-
HO ¢ oOpa3oBaHWEM BHYTPHU OO0BEKTa ‘““YKpBITHE”
BBICOKOJIMCIIEPCHBIX a3p030JieH, COAepXkKaIlux pa-
TUOHYKJIHIBI, XapakTepHble HJs  OOJydeHHOTO
SIEPHOTO TOILIMBA. B CBs3HM C OOJBIIMM KOJIHYECT-
BOM OTBEPCTHH Ha KpbIlIe 00beKTa “YKpBITHE” 3TH
a’p030JIU  SBIISIOTCS JIOTIOJIHHUTEIBHBIM (DakTOpOM
sarps3Henns okpyskaromeit YADC teppurtopun [1,
2]. Jns uiccnenoBanuii GbUTH OTOOPAHbBI TOTUTMBHBIE
qacTUIbl U3 00bekTa “YipoiTie” B 2011 T., 9acTUIBI
oTOMpaNuch B MeCTaX, TNI¢ MPOTEKaTd OCHOBHBIC
MOTOKH JIaBbl. TOIUTUBHBIE YAaCTULIBI UMENIHU AKTHUB-
Hocth 1o 'Cs ot 10° o 10® Br/r. Macca YaCTHUL]
COCTAaBIISJIA OT JIECATH IO COTCH MUKPOTPAMM.

OcHoBHBIC H3MeEpeHHUs TpoBomwnch Ha Ge-
cnektpoMmerpax. beumn mposeaensl Ly, Ky u -
CHEKTPOCKOIMYECKUE HCCIACIOBAHUSI OTOOPAHHBIX
(hparMeHTOB  TOIUIMBOCOJEPKAIMUX  MaTEPHAIIOB.
M3mMepeHsl M30TOMMHBIE OTHOIICHUS IS PSr, (s,
P415Ey, msoromos Pu, 2'**Am u **Cm.

Jlns u3MepeHns °'Sr Hamm paspaboTaHa Me-
TOAWMKA PETHCTPAITUN aKTUBHOCTH 110 K, -M3ITyICHHUIO
Y, O0OYCJOBICHHOIO WMOHHU3aIlUeHi aTOMOB NpHU
B -pacmane *Sr. Tak KaK BEpPOSITHOCTb TAKOil HOHH-
3aId O4YeHb Mania [3], TO Takylo METOIUKY MOKHO
YCIEITHO pealn30BaTh MPU W3YYeHUH (parMeHTOB
TOIUTMBOCOACPKAIINX MaTEPHAIOB C BBICOKHM CO-
nepskanneM Sr. IMEHHO Takue MaTephaibl Xapak-
TepHBI 11 o0bekTa “YkpwiTHe”. NS peannzanuu
9TOM METOAWKH OBUIM BBITTOJIHEHBI HMCCICIOBAHHS
Beixoga K, Y sl KaluOpPOBOYHBIX HCTOYHHUKOB C
St 1 6b110 ToTyuero P(K, Y)=(5,4+0,4) - 10* na
pacnan, rae P - BEpOATHOCTh HOHU3ALIUH.

AHanu3 XapakTepUCTUUECKOTO U3IIyUCHUS B U3Y-
YEHHBIX TOIUIMBHBIX YaCTHIIAX IT0KAa3BIBACT, YTO
JTOMUHHUPYIOIAM JJIEMEHTOM B J3THX YaCTHIAX

$238-240
Pu

12(1)

154Eu
1,85(9)

ISSEu
0,45(3)

1. M.D. Bondarkov, V.A. Zheltonozhsky, M.V. Zhelto-
nozhskaya et al., Health Physics 101(4), 368 (2011).
2. M.D. Bondarkov, V.A. Zheltonozhsky, M.V. Zhelto-
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SIBIISIETCS] IUPKOHUH (PUCYHOK). DTO TOBOPHUT O TOM,
YTO 3TH TOIUIMBHBIE YACTHUIIBI MPEACTABISIOT cOOOi
(parMeHTHl YepHOOBUIUTA — YpPaHOCOAEPIKAIIETO
CHJIMKATa MUPKOHHS TEXHOTEHHOTO MPOUCXOXKICHUS
(Z10.99-090U0,01-0,10)S104. V3yueHHBIC YaCTHIBI MOX-
HO YCIIOBHO DPa3JeiWTh Ha JIB€ TPYIIIBI: C OTHOCH-
TEJIBHBIM COEP)KaHHWEM YypaHa, Pa3TUYaronuMCs Ha
nopsnok. OOHAapyKEHO pPacXOXKICHUE TeopeTHYe-
CKUX OIICHOK IO HapaOoTKe Ui BCeX PaluOHYKIIH-
708 Bhinre ~*'Am. Hamomaercss cHcTeMaTHIeckoe
pacxokJeHre 3HAUYE€HUH OTHOIIEHWS aKTUBHOCTHU
?Sr k "*'Cs 1o cpasrennio ¢ 1986 T.
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OTHOCUTENBHOE COJEPKAHUE HYKIUIOB IO CpaBHE-
Hmo ¢ 'Cs (%) B “ropsueil” yacTHIe C HOHMKEHHBIM
coJiep;KaHHEM ypaHa CIIeIyIOIIee:
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nozhskaya et al., Health Physics 101(4), 362 (2011).
3. B.A. XKenronoxckmit 1 H.B. Crpunpuyk, M3Bectus
PAH. Cep. dus. 66(10), 1450 (2002).
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AHoTauii pob6iT i3 3aranbHUX npobnem @isuku

TEH30P BPEMEHU. IIPEOBPA30OBAHUSA JIOPEHLA

A. . KBacHIOK

Hucmumym soepruix uccreoosanuii HAH Yxpaunol, Kues

B pabote [1] Obuta cenaHa IMOMBITKA OTIMCHIBATH
MUpP COOBITHH C YYETOM TOTO, YTO BpEMsI NPEICTaB-
JIICTCSI HE BEKTOPOM B MPOCTPAaHCTBE MUHKOBCKOTO,
a 00BeKTOM 0oJiee CIOKHOM MPUPOJIBI — «TEH30POM
BpPEMCHU. C‘II/ITaeTCH, 4YTO MBI BpEMA BOCIpHHUMA-
€M KaK BEKTOp B TOM Cjyd4ae, €Clu BCE HEIUaro-
HaJIbHBIE KOMITOHEHTBI TEH30pa BPEMEHH DPaBHBI
HYJIIO, & TUarOHABbHBIE KOMITOHEHTBI PaBHBI MEXKY
coboii. Ho B pabore [1] wcchaenoBaiack TOIBKO
HETO/IBIKHAS CHCTeMa oTcuera. B nmaHHOW pabote
MOKa3aHo, YTO €CJH BBECTH JUII BakyyMa MaTepu-

anpHble  ypaBHeHMs D=¢gE&FE U HOIOKUTH
& =inv#3,, rne 6, - cumpon Kpomekepa, T0 He-

BO3MOXHO HaiiTH mnpeoOpa3oBaHUs, KOTOpbIE OBl
OCTaBJISUIM WHBapUaHTHBIMU YpaBHEHHUsI MakcBeiia
IIPU MEPEXOE B IBIKYLIYIOCS CUCTEMY KOODIMHAT,
€CITM 3aJaBaTh BpeMsl B BHJE BekTopa. Takxke ObLI
rmosrydeH o0muid Bua (GpopMyIel mpeoOpa3oBaHus U3
00X TEOMETPUUECKUX COOOpaKEHUH W HMCCIIEO-
BaH Ha NPUHIOUN COoOTBeTcTBUS. CaMo IOHATHE
«TEH30p BpEMEHMW» HaJo ObUI0 0OOOLIMTH A0 «TEH-
30BEKTOP BpeMEeHM». « TeH30BEKTOp» — BEKTOP, KO-
OpAMHATBl KOTOPOIO 3aJal0TCSl B BHUIE TEH30POB
2-ro panra. Ho caM «T€H30BEKTOp» HeNb3s OTHECTH
K OOBIYHOMY TEH30py 3-TO paHra, Tak KakK 3aKOH
peo0pa3oBaHKs KOMIIOHEHT «TEH30BEKTOPa» 3aBU-
CHUT OT BHJA TEH30pPOB 2-r0 paHra («KOMIIOHEHT»
TEH30BEKTOpa). bplI0 MOKa3aHo, YTO IS OMHCAHHSA
IpaBUTAlMM JOCTaTOYHO 3aBUCUMOCTH cdepude-
CKOW YacTH W OpUEHTAllMH «TEH30BEKTOpa BpeMe-

HI» OT KOOPAWHAT ¥ MUPOBOTO BPEMEHH IPH yCIIO-
BHM, YTO HEIUArOHAJIbHBIC KOMIIOHEHTHI PaBHEI
HyIt0. BaykHO 3aMeTHTh, 4TO B OOIIEH TEOPUU OTHO-
CHUTENFHOCTH (PU3NYECKOE PACCTOSIHHE MEXIy TOU-
KaMH U3MEPSIETCS TIPH IMTOMOIIHA CBETOBBIX CUTHAJIOB

¥ HaxomuTcs 1o dopmyie dl’ = }/l./.dxidxj . Ho ecnm

CKOpPOCTbH CBETA 3aBUCUT OT HAIPABJICHUS U MOISAPU-
3aIWH, TO TIPH ONpeAeNieHHH (PU3MIECKOT0 PaccTos-
HUS MEXIY IBYMSI TOYKaMH Y HAC BOSHHKHET HEOII-
PELENEeHHOCTD, CBSI3aHHAs C aHU30TPOIIHUEN BaKyyMa.
Ecnu aHusoTponust paBHa HYIIIO, TO PacCTOSHUS (U
BpPEMEHHbIE MHTEPBAIBI COOBITHI) CTAHOBATCS IIOJI-
HOCTBIO OIIpENEJeHHbIMU. EcCin ONmyCTUTh, YTO
BaKyyM Y Hac IPEICTaBISETCS B BHUIAE MOJIUKPU-
cTajia, ¢ pa3MepoOM MOHOKpHUCTaIa HOpSAKa -
HbI [17aHKa, TO UCXOMHBEIN BakyyM OyAeT M30TpOIl-
HbIi M (PU3MUECKOE PACCTOSHHE MEXKIY TOYKAMHU
OyJIeT TOJTHOCTBHIO OMNpeeNieHO (KOHEYHO, C TOYHO-
CTBIO JIO TIONIPaBOK OTHOCHTENHHO UTUHEI [Imanka).
BaxxHO 3aMeTuTh, YTO €CU Takas reoMeTpus JAeUcCT-
BUTEIBFHO OKAXXETCSI BHYTPEHHE HEMPOTHUBOPECUUBOM
U BO3MOXXHOH, TO HEONpEACNeHHOCTh COOBITHH
3mech OynmeT 3amaBaTbCsl HE 4Yepe3 OIepaTophl, IS
KOTOPBIX €II€ CIEAYET ONPENEeNsATh MPOCTPAHCTBO
(YHKIIHA, Ha KOTOPBIX OHU JTOJKHBI JIeHICTBOBAThH, a
MIPSIMO  BBIBOJUTCS W3 CBOWCTB reomerpun. Camo
«MEeTpHUYECKOoe 0000IIEHHOE TI0JIe» TPU 3TOM OyaeT
TOYHO ONPE/CICHO B KAKJIO0U TOUKE KOHTUHYYMA.

1. R. Vlokh and O. Kvasnyuk, Ukr. J. Phys. Opt. 8, 125
(2007).
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3ATAJIBHI TTPOBJIEMU ®I3NKUA

NONEQUILIBRIUM STATISTICAL OPERATOR FOR SYSTEMS OF FINITE SIZE

V. V. Ryazanov

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

The lifetime of statistical system is introduced. It
is supposed that the nonequilibrium statistical opera-
tor implicitly contains the lifetime. The operations of
taking of invariant part, averaging on initial condi-
tions used in works of D. N. Zubarev, temporary
coarse-graining (Kirkwood), choose of the direction
of time are replaced by averaging on lifetime distri-
bution. The expression for lifetime change at transi-
tions from quasi-equilibrium system to nonequilib-
rium one is derived. A sort of the nonequilibrium
statistical operator for systems of the finite sizes is
suggested.

In the paper [1] it is shown that density of prob-
ability of lifetime of nonequilibrium system differs
from density of probability of lifetime of quasi-
equilibrium system.

The statistical distributions which can be ob-
tained out of the mesoscopic description characteriz-
ing the behaviour of a system by specifying the sto-
chastic processes are written down. The change in
the lifetime values by interaction with environment
are expressed in terms of fluxes and sources. The ex-
pressions for the nonequilibrium entropy, tempera-
ture and entropy production are obtained, which at
small values of fluxes coincide with those derived
within the frame of extended irreversible thermody-
namics. The explicit expressions for the lifetime of a
system and its thermodynamic conjugate are ob-
tained.

The existence and finiteness of lifetime value is
ensured with presence of stationary states which
physically correspond to existence of stationary
structures. Complex functional and hierarchical in-
terrelations between real systems correspond to the
relations between lifetimes determining evolutionary
processes as a sequence of transitions between vari-
ous classes of states of system. Contrary to the tradi-
tional representation about time as something
changeable, the lifetime acts as result of existence of
stable stationary structures. It depends on external
influences on system and internal interactions in it.
Let's emphasize that lifetime is observable and
measurable quantity.

Summing up, the physical value of lifetime of
system is introduced in consideration, as an interval
of time, during which the system contains a non-zero
number of elements, of which the statistical system
is made. This value depends on both internal proper-
ties of system, and external influences and is gener-
ally of random character. The lifetime is connected
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to characteristic time intervals of system (time of
collisions, time of mixing, relaxation time etc.) and
with fluxes (also by temporary characteristics). The
analogy to internal time will be carried out. The
introduction of lifetime opens opportunities for strict
study of a nature of time and allows giving the de-
scription of transfer processes and other nonequilib-
rium phenomena. Parameter of lifetime contains in
itself features inherent to usual dynamic variable like
energy, number of particles, and coordinate variable
such as time. The mathematical party of introduction
of lifetime consists in obtaining of the additional
information about stochastic process, except for
knowledge of its stationary distribution, on station-
ary properties marked out by the subordinated proc-
ess. The irreversibility in this approach occurs as a
consequence of the assumption about existence and
finiteness of lifetime of system, choosing of the
moments of birth and destruction of system.

The lifetime (or escape time) is described by
smooth differentiable distributions rather than by
singular measures of the fractal repeller object. This
transition is possible because of use of the complex
system coarse-graining algorithm. But in the very
general case the lifetime in the phase space should
be of pronounced fractal character.

The assumption about the physical systems living
for a finite period of time which was the starting
point of the exposed here theory allows one to get
the mesoscopic theory of the stationary nonequilib-
rium states at any deviation from the equilibrium.
But the concept of the lifetime has a more profound
physical sense to cast in one fashion the Newtonian
approach to the absolute time and the concepts of
time-generating matter. Mathematically introducing
lifetime means yielding additional information on
the stochastic process besides its stationary distribu-
tion leaning upon the stationary properties of the
slave process.

The introduction of lifetime as thermodynamic
parameter is justified by the empiric fact that real
systems have finite lifetime, which essentially influ-
ences their properties and properties of their envi-
ronment. The lifetime of system is represented by
fundamental value having a dual nature, related to
both the external time flow and to the properties of
the system.

1. V.V. Ryazanov, Int. J. of Theoretical and Mathemati-
cal Phys. 1(1), 1 (2011); DOI: 10.5923/
J-1jtmp.20110101.01.
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AHOTAIIII POBIT

THE POSSIBILITY OF THE EARTH STATE DIAGNOSTICS AND CRUST STRUCTURE
STUDY BY THE ANALYSIS OF ELECTROMAGNETIC RADIATION OF THE EARTH

V. M. Pavlovych', Yu. A. Bogdanov’, O. I. Kvasniuk'

! Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv
? Subbotine Institute of Geophysics, National Academy of Sciences of Ukraine, Kyiv

In the recent years the study of spontaneous (not
connected with earthquakes) electromagnetic radia-
tion (EMR) of the Earth crust takes the wide applica-
tion in different areas of geophysics, beginning from
the practical tasks of crust structure recovery along
the profiles of electromagnetic probing with the aim
of looking for the minerals, up to research of Earth
vibration eigenmodes and the processes of earth-
quake preparation. As experiment shows, the Earth
emits electromagnetic waves in a sufficiently wide
frequency diapason from very low frequency waves
with frequencies < 1 Hz up to 1 MHz and higher.
We’ll restrict ourself by the consideration of EMR
with sufficiently high frequencies of kHz-diapason,
which can be easy detected by compact devices and
which can be modulated by longer wave oscillations.

Since the excitation of the Earth characteristic vi-
brations leads to the change of stress-strain change
with a frequency of that vibration, then one would
expect that characteristic vibrations should revealed
in the spectrum of the Earth EMR. The aim of ex-
perimental research was to obtain such EMR vibra-
tions which frequencies just were detected by seism-
gravitational methods and to try to find new harmon-
ics of vibrations using corresponding mathematical
processing of detected signal. We will consider here
only periodic processes.

According to the paradigm of Earth electromag-
netic oscillation appearance, any eigenmode of pla-
net oscillations leads to change of Earth deformation
mode and therefore to a generation of electromag-
netic radiation. All frequencies of Earth mechanical
oscillation eigenmodes should be revealed in the
spectrum of electromagnetic radiation. On the basis
of observations of Earth electromagnetic activity
variations in Antarctica and Ukraine, it was estab-
lished that besides the generally acknowledged
seism-gravitational oscillations all planetary proc-
esses should additionally oscillates with periods of
hour range, for example Shuler period
(T =84 min), and with different day periods from
14 days to 28 days.

136

So at the base of presented results we can assert
that the method of analysis of the Earth spontaneous
EMR is a powerful method of Earth state and crust
structure study. For example, this method can be
used to study the structure of possible earthquake
hypocenters and their variation in time. This knowl-
edge can help to watch after time variation of hypo-
center structure, to develop reliable model of earth-
quake preparation and finely to predict possible
earthquakes.

Moreover, the detection of electromagnetic sig-
nals in regime of variation station evidently shows
the electromagnetic precursors appearance before
every earthquake at very far distances from earth-
quake epicentres. For example, the electromagnetic
precursor of Japan earthquake 12.03.2011, registered
by stationary variation station located in Nikolaev,
Ukraine.

The microscopic approach to the problem of
EMR generation should be based on the several
assumptions and approximations. The first assump-
tion is as follows: The EMR generation of the con-
sidering frequency diapason in the rocks inside the
Earth is due to creation and vanishing of the defects
of crystal lattices. The creation of these defects is
connected with several ion transitions to the new
equilibrium positions which lead to the change of
the crystal dipole moment. The second assumption is
connected to electromagnetic field itself: we have
described it by Maxwell equations with modified
dispersion low according to polariton theory (see for
example [26]). We have considered also that defect
forms due to interaction of atoms, constituting the
defect, with phonons and with electromagnetic field.

Thus in primary stressed crystals, as the rocks in-
side the Earth, there is the possibility of electromag-
netic waves propagation with increasing amplitude
due to interaction with crystal defects. Such a
mechanism in principle can explain the coming out
of EMR from the deep stressed layers of the Earth
and give us the information about its structure and
properties.
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3ATAJIBHI TTPOBJIEMU ®I3NKUA

CBEPXJIAJIbHEE PACIIPOCTPAHEHHUE DJEKTPOMATHUTHBIX BOJIH
B 3EMHOM KOPE

B. H. ITaBaoBu4, A. . KBacHiok

Hnemumym sdeprovix uccnedosanui HAH Yxpaunol, Kueg

[Ipobnema ucmycKkaHusl 3JIEKTPOMAarHUTHOTO HU3-
JTy4eHus npu nedopMaluy U pa3pyLIeHUH KpHCTal-
JIOB MEET CBOIO JIABHIOIO UCTOPHIO, HaunHAas ¢ 30-x
rofioB MuHyBIHIero cronerus. OqHAaKo B MOCIEIHUE
JECATUIIETHS MHTEpeC K 3Toi mpobieMe BO300HO-
BUJICS, B OCHOBHOM B CBSI3U C BO3MOXKHBIMHU reo(u-
3UYECKHMHU IPUIOXKEHUsIMU. B dactHOCTH, B pine
pabor Oblma TOKazaHa BO3MOXKHOCTh HM3Y4CHUS
CTPYKTYPHI 3eMHOH KOPBI (M COOTBETCTBEHHO HalM-
YHs [IOJIE3HBIX MCKOMAEMbIX) NP aHaiu3e (HOHOBO-
r'0 JIEKTPOMAarHUTHOTO M3JIyueHHs 3eMJIM B Paguo-
4acTOTHOM JAMamna3oHe. Bbul mpemioskeH MexaHu3M,
KOTOPBIN 0OBSACHSIET BO3MOKHOCTD BBIXO/a BBICOKO-
YaCTOTHOTO 3JIEKTPOMAarHUTHOIO M3JIyYeHHS Ha
noBepXHOCTh. OH 3aKIFOYAETCS B TOM, YTO T'€OJIOTH-
Yyeckas cpea COCTOMT B OCHOBHOM M3 CIIOKHBIX
KPUCTAITIMYECKUX PELIETOK, 3JCMEHTapHas sS4yehka
KOTOPBIX colepxuT Oonee ogHoro atoma. [Ipu o6-
pasoBaHUH Ae(PEKTOB B CIOKHBIX AUIICKTPUIECKUX
KpUCTalIax  BO30YXKHAIOTCS  HJICKTPOMArHUTHBIE
BOJIHBL. B CBOIO Odepens IPOXOXKAEHHE 3SIEKTPO-
MAarHvuTHBIX BOJIH 4Y€pE3 HaHpH)i(eHHLIfI KpucTaaiil
BBI3BIBACT MOSIBJICHUE M YHHUYTOXXeHHE nedekToB. B
HMOHAX KPUCTaJUIa JIEKTPOMArHUTHOE II0Jie HE Cy-
HIECTBYET caMo Mo cebe, HO Hepa3phIBHO CBS3aHO C
MEXaHHMUYECKHUMHU KOJIEOaHUSMH PEIETKH U 00pasyer
CIIO’)KHOE 00pa3oBaHHE — MONSAPUTOH. DKCIIEPUMEH-
TaJbHO OBIJIO MOKa3aHO, YTO MPH OONBIINX JITHHAX
BOJIH OCHOBHAasl SHEPrus MNOJSIPUTOHA MPUXOAUTCS
Ha 3JEKTPOMArHUTHYIO COCTABIIAIOUIYI0. DTOT (aKT
JaeT BO3MOXKHOCT B OyAyllleM paccMaTpuBaTh
TOJIBKO DJIEKTPOMArHUTHYIO COCTAaBJISIONIYIO TIOJISI-
PUTOHAa — DJEKTPOMArHUTHYIO BOJHY. B naHHOI
paboTe OBIIO MOKA3aHO, YTO MPU BBEIECHUH HEKOTO-
PBIX MPUONMKEHUH 13 KBAHTOBOW MEXaHUKH MOYKHO

IIIOPIYHUK - 2011

BBIBECTH CBSI3aHHBIE KWHETHYECKHWE YPaBHEHHS IS
WHTEHCUBHOCTH NOJS W uncna aedexroB. M3 stux
ypaBHEHUH BUIHO, YTO HAIM4YHE U30BITOYHOTO YHUC-
na nepeKTOB MaHHOTO THIIA MOXKET IMOHU3UTH KOd(-
(DUIUEHT TOTJIONIEHHS CPE/bl, & B HEKOTOPBIX CIIy-
Yasgx MPHUBECTH K YCHJICHUIO 3JCKTPOMAarHUTHOU
BOJIHBI. B paBHOBECHU SHEPrusi 3JIEKTPOMArHUTHOU
BOJIHBI OyJeT TOIJIOMAThCA CpPeAod IO 3aKOHY
w ~exp(—o,r/c), Tae r - NIPOiIECHHOE PAaCCTOSHHE

B Cpele; ¢ - CKOPOCTb CBETa B Cpele; O, - NPOBO-
IUMOCTh cperbl. [lpu  nmedopmMaiiuu  KpHCTaJLIOB,
npuYeM B 00JaCTH HEMMHEHHOHN nedopMaliim, Koraa
MPOUCXOJUT MHTCHCHBHOE OOpa3oBaHHE IE(PEKTOB,
a TaKKe MPHU HAJTUYUU DJIEKTPOMArHUTHOTO MOJIS,
KOTOPOE TaKXe CTUMYJMPYET oOpazoBaHue aedek-
TOB, KO3()(DHUIMEHT MOTIIOMIEHHSI CPEIBI H3MEHSIETCS
coriacHo Gopmysie

r= —/1—%+\/(/1 —%)2 +87 1, (Mg = My))d(0)+ M, »

rie A — ko3 UIHMEHT 3aTyXaHusl moJisipu3anu; I ,,
My;, Mg — MaTpuyHbIE JIEMEHTHI, ONPEACIAIOIINE
BEPOATHOCTb DPOXKAEHHSA Ne(eKTOB; BEIMUYMHA d
MPOIOPIIHOHANBHA YUCITY 1€()EKTOB B €IUHUIIEC 00b-
eMa B PaBHOBECHOH cpelie; O - MPOBOJAUMOCTD Cpe-
nel 0e3 nedexkToB. PaBHOBECHOE COCTOSHUE Cpeilbl
coOTBEeTCTBYeT cirydato, korza d(0)=d, . Korna
d(0) > dy, Bumno, uro I' <o, T.e., KO3pPuUIHEHT
3aTyXxaHusi MOJIs yMeHbImaeTcs. Tak Kak pa3smep
nedeKTa HaMHOTO MEHBIIE JIMHBI BOMHBL A =100M,
paccerBaHUEM BJICKTPOMArHUTHON 3HEPIUM Ha Je-
(exTax MbI IpeHedperaeM.
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Workshop on Dark Matter, Gamma-Ray Burst,

Gravitational Waves and Infrared Astrophysics,
High-One Resort, Korea, February 7 — 10, 2011

A.II. Jlamko, T.H. Jlamko

O BHYTpUSAEpHOU KOHBEPCUU 3aTOPMOXKEHHBIX poTa-
LIMOHHLIX ramMma-nepexonos
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Nonlinear analysis of observed experimental data
and application to earthquake precursors

The BlackSeaHazNet Workshop, Ohrid, Macedonia,
2 —5 May, 2011

V.M. Pavlovych, Yu.A. Bogdanov, O.I. Kvasniuk
The possibility of the Earth state diagnostics and
crust structure study by the analysis of electro-
magnetic radiation of the Earth

The BlackSeaHazNet Workshop, Ohrid, Macedonia,
2 —5 May, 2011

V.N. Bukanov, V.L. Dyemokhin, O.V. Grytsenko,
E.G. Vasylyeva, A.M. Pugach, S.M. Pugach

IHCTUTYT AJIEPHUX AOCJIDKEHb HAH YKPAIHU



JOIIOBIAI HA KOH®EPEHIIIAX

Radiation exposure monitoring of VVER-1000 vessel
at Ukrainian NPPs

14th Int. Symp. on Reactor Dosimetry, Bretton
Woods, NH, USA, May 22 — 27, 2011

O. Gritzay
Ukrainian Nuclear Data Centre Progress Report,
2010/11

Technical Meeting on the International Network of
NRDC, Vienna, Astria, May 23 — 24, 2011

O. Gritzay
Storage of numerical neutron source spectra

Technical Meeting on the International Network of
NRDC, Vienna, Astria, May 23 — 24, 2011

O. Gritzay

Current status and possible future use of the Kyiv
research reactor for fundamental and applied tasks
IAEA Meeting “Enhancing the Sustainability of
Research Reactors and Their Safe Operation
Through Regional Cooperation, Networking and
Coalitions”, Budapest, Hungary, June 1 — 3, 2011

O. Gritzay, O. Kaltchenko

The Use of Nuclear Data for Fundamental Science

and Applications

11-a MixkHapo iHa IIKOIa-ceMiHap " AKTyaJbHI Ipo-

6nemu ¢izuku mikpocsity", ['omens, binopycs, 1 —
12 cepmus 2011 p.

IX VYkpaincbka koH]epeHLis 3 (i3HYHOTO 3aXHUCTY,
00JIKy Ta KOHTPOJIO sifepHOro Mmarepiamy, 4-10
BepecHs 2011 p., nuB. ctop. 160 — 161.

O. Gritzay, V. Libman

Creation of a Neutron Filtered Beam with the En-
ergy 275 keV at the Kyiv Research Reactor

IAEA Meeting “Catalogue of Products and Services
of Research Reactors: Applications of Neutron
Beams”, Vienna, Austria, September 5 — 7, 2011.

0.0. I'punaii, A.1. Kanpuenko

PUNbTPOBAHHBIE PeaKTOPHBIE MYYKU HEeATPOHOB ANS
(PYHAAMEHTASTbHLIX UCCNEA0BAHUI U NPUKNAAHBIX
3aaad

61 mexnyHnapoaHas koHpepenuus «Sapo 2011» o
podieMam sIIepHON CIIEKTPOCKONINH U CTPYKTYpe

aTomHoro snpa, Capos, Poccus, 10 — 14 okTa6ps
2011 r.

Y.P. Mahlers, V. M. Makarovsky, I. A. Maliuk,
O. F. Rudyk

IIIOPIYHUK - 2011

Realization of the Full-Core Conversion Program for
the WWR-M Research Reactor in Ukraine

The 33-th International Meeting on Reduced En-
richment for Research and Test Reactors, Santiago,
Chile, October 23 — 27, 2011

Y.P. Mahlers, V. M. Makarovsky, 1. A. Maliuk,
O. F. Rudyk

Full-Core Conversion of the WWR-M Research Re-
actor in Ukraine to the Use of LEU Fuel

International Conference on Research Reactors: Safe
Management and Effective Utilization, Rabat, Mo-
rocco, 14 — 18 November 2011

PapiauitiHa @isuka Ta paaiauiHe
MaTepianosHascTeo:

B.H. bykanos, U.H. Bumnesckuii, H.W. Bnacenko,
JL.W. Yupko

MOHUTOPUHI COCTOSHUA MeTanna Kopnycos
peaktopos BB3P-1000 Ha YkpauHe

MixnapoaHa koH(pepenuia "Ypoxku UepHOOBLIS:
AcrekTsl Oe3omacHocTH 1 TexHosiorun", Kues, 18
ampens 2011 r.

O.B. Tpurybenko, A.®. Bacuiabes

Anpobauia TeXHONOriT peKOHCTPYKLIT 3pasKiB-CBiAKiB
IX mixkHApOoaHA HAYKOBO-TIPAKTHYHA KOH(DEpEHITis
«Cy4acHi npobieMu HAyKOBOTO 3a0e3MeUeHHS
eHepreTukm», Kuis, 18 — 22 xBitast 2011 p.

B.B. Mockanenko, B.I'. KoBeipiia, M.1. Cumo-
HOB, B.H. PeBka, JI.I. Yupko.

Mcnonb3osaHue pesynbTaTos UCMbITAHUM 06pa3Lios-
cBuAeTenel No CTaHAAPTHOM Nporpamme npu
OlleHKe oXpynuuBaHus maTtepuanos KP BB3P-1000

7-1 MeXyHapOJHasi Hay9IHO-TeXHUYecKas KoHpe-
penrus "Obecrieuenune 6e3omacaoct ADC ¢
BBOP", ITogonsck, Poccus , 17 — 20 mas 2011 T.

L.Yu. Goliney, V.1. Sugakov, G.V. Vertsimakha
Effects of metal nanoparticle on energy spectra and
optical properties of different assembles

12 International Conference “Electronic and Related

Properties of Organic Systems, Vilnius, Lithuania,
July 11 -13,2011

LI. Fishchuk, A. Kadashchuk, M. Ullah, H. Sitter,
N.S. Sariciftci and H. Béssler

"Electric field dependence of charge-carrier hop-
ping transport at large carrier concentrations in
disordered organic solids: Meyer-Neldel and Gill
energies"”
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14th Transport in interacting disordered systems
”TIDS14” conference, Acre, Israel September 5 — 8,
2011

A.Il. lonroneHko

Hpeligostie 6apbeptl B N-Si, 061y4EHHOM OLICTPbI-
MU HelATPOHAGMW peaKTopa, B 3aBUCUMOCTU OT II+O-
eHca, Temnepatypsl UsmepeHuUs U oTxuUra

9-1 Mexnynaponnas koHpepeHuus «Bzanmoneiict-
BHE HU3JIyYeHUM ¢ TBEPABIM TeIOoM», MUHCK, bena-
pych, 20 — 22 centsiops 2011 r.

H.1.Bnacenko, B.B.CtoBOyH, P.B.®pankoB
MOHUTOPUHT coCTOSHUA KopnycoB peakTopos ADC
YKPauHbI C MpUMEHeHNeM TeXHONMOTUU PeKOHCTPYK-
umm obpasLos-ceuaeTenen

MixnaponHa HaykoBa koH¢pepeHuis "Monoas AEC:
Oesmeka, Hayka, BUpoOHuITBo", Kypcek, Pocis, 21-
25 mucromana 2011.

A5l JI3r00mmk
Pacnaa apep B none nasepa

XV MexayHapoaHas MOJIOAEKHAsI Hay4YHas IIKOJa
«KorepeHTHas oNTUKa U ONTHYECKAsI CIEKTPOCKO-
ast», Kazanb, Pocens, 24 — 26 oktsops 2011 1.

$isuka nnasmu:

O.A. ®enoposuy, B.M. Ilyrau, €.I'. Kocris,
Bb.IL.ITono3oB, M.I1.Kpyraenko, O.C.KoBanbuyk
B.M. Miniuis, [.I. Cropoxuk, A.B. Uayc
BuroToBneHHs MikpoCTpinoBux meTanesmx
[eTeKTOpiB pi3HOro NPU3HAYeHHs IOHHO MIIa3MOBUMMU
meToaamu

XII mikHapoaAHA HAYKOBO-TIPAKTHIHA KOH(DEpEHTIis
«CHUDT» Opeca, Ykpaina, 23 — 27 tpaBus 2011 p.

L. Litovko, A. Goncharov, A. Dobrovolskiy, S. Du-
nets

The negatively charged particles focusing by posi-
tive space charge lens

38th EPS Conference on Plasma Physics, Stras-
bourg, France, June 21 — 25, 2011

I1.B. lMopuuxui, I1.]]. Crapuux

BnuaHue matepuana anekTpoaos U UHULUUPYHOLLUX
NPOBOAHWKOB HA CBOMCTBA MIA3MBI UMMYNbCHBIX
paspsafos B BoAe

XV MexnayHnaponHas Hay4IHast KoHpepeHnus «Du-
3UKa UMITYJIbCHBIX Pa3psAI0B B KOHICHCUPOBAHHBIX
cpenax, Huxomnaes, 15 — 19 aBrycra 2011 1.
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0O.A. ®enoposuy, JI.M. BoiiteHKo
Pacnaa HTT UPB npu KOHLEHTpaLuax 31eKTpoHOB
10"< Ne <102 cm™®

XV Mexnynapoanas HaydHas KoHpepeHms «Du-
3UKa UMITYJIbCHBIX pa3psA10B B KOHACHCUPOBAHHBIX
cpenax, Hukomaes, 15 — 19 asrycra 2011 r.

O.A. ®enoposuu, JI.M. Boiitenko
JKCNepuMeHTanbHbIe UCCIeJOBaHU KO3(PPULIMEHTOB

pacnaaa HTT npu KOHLEHTpALiSX 3MeKTPOHOB, He
npesbIwarowmx 10% cm™>

XV Mexnynapoanas HaydHas KoHpepeHms «Du-
3UKa UMITYJIBCHBIX pa3psA10B B KOHACHCUPOBAHHBIX
cpenax, Huxomnaes, 15 — 19 aBrycra 2011 r.

V. S. Marchenko, Ya. I. Kolesnichenko, and
S. N. Reznik

Infernal Alfvén eigenmodes in low-shear tokamaks
5th TAEA Tech. Comm. Mtg. “The Theory of
Plasma Instabilities” and 12th IAEA Tech. Comm.
Mtg “Energetic Particles in Magnetic Confinement
Systems”, Austin, Texas, USA, September 5 — 10,
2011

Ya.l. Kolesnichenko, V.V. Lutsenko, Yu V. Yako-
venko, and R.B. White

Spatial channeling of energy and momentum of ener-
getic ions due to destabilized Alfvén eigenmodes
5th TAEA Tech. Comm. Mtg. “The Theory of
Plasma Instabilities” and 12th I[AEA Tech. Comm.
Mtg “Energetic Particles in Magnetic Confinement
Systems”, Austin, Texas, USA, September 5 — 10,
2011

M.H. Tyshchenko and Yu.V. Yakovenko

Transformations of mode numbers of kinetic Alfvén
waves in toroidal plasmas

5th IAEA Tech. Comm. Mtg. “The Theory of
Plasma Instabilities” and 12th IAEA Tech. Comm.
Mtg “Energetic Particles in Magnetic Confinement
Systems”, Austin, Texas, USA, September 5 — 10,
2011

Ya.l. Kolesnichenko, S.S. Medley, R B. White,
Yu.V. Yakovenko

Mechanisms of formation of a non-monotonic energy
distribution of fast ions

5th TAEA Tech. Comm. Mtg. “The Theory of
Plasma Instabilities” and 12th IAEA Tech. Comm.
Mtg “Energetic Particles in Magnetic Confinement
Systems”, Austin, Texas, USA, September 5 — 10,
2011

IHCTUTYT AJIEPHUX AOCJIDKEHb HAH YKPAIHU
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S.S. Medley, Ya.l. Kolesnichenko, N.A. Crocker,
E.D. Fredrickson, G.J. Kramer, Y. Ren, D.R. Smith,
R.B. White, and Yu.V. Yakovenko

Phenomenology of a transient energetic charge ex-
change flux enhancement observed in neutral-beam-
heated H-mode discharges in the National Spherical
Torus Experiment

5th TAEA Tech. Comm. Mtg. “The Theory of
Plasma Instabilities” and 12th TAEA Tech. Comm.
Mtg “Energetic Particles in Magnetic Confinement
Systems”, Austin, Texas, USA, September 5 — 10,
2011

Ya.l. Kolesnichenko, B.S. Lepyavko, V.V. Lutsen-
ko, and Yu.V. Yakovenko

Drift-sound and drift-Alfven eigenmodes in toroidal
plasmas

5th IAEA Tech. Comm. Mtg. “The Theory of
Plasma Instabilities” and 12th IAEA Tech. Comm.
Mtg “Energetic Particles in Magnetic Confinement
Systems”, Austin, Texas, USA, September 5 — 10,
2011

Yu.V. Yakovenko, Ya.l. Kolesnichenko, M H. Ty-
shchenko, R.B. White

Synergy of Alfvén instabilities due to Compton scat-
tering on energeftic ions

5th TAEA Tech. Comm. Mtg. “The Theory of
Plasma Instabilities” and 12th IAEA Tech. Comm.
Mtg “Energetic Particles in Magnetic Confinement
Systems”, Austin, Texas, USA, September 5 — 10,
2011

O.A. Fedorovich, L.M. Voitenko

Experimental Determination the Lifetime of elec-
tron in Nonideal plasma and its comparation with
theoretical calculation

VII International Conference “Electronics and Ap-
plied Physics”, Kiev, Ukraine, October, 19 — 21,
2011

T.S. Rudenko, K.P. Shamrai, T. Matsuoka,

I. Funaki, S. Shinohara

Excitation of geometrical upper hybrid oscillations
on the stage of an rf sheath formation in a magnet-
ized plasma

VII International Conference “Electronics and Ap-
plied Physics”, Kiev, Ukraine, October 19 — 22,
2011

A.L. Kobza and K.P. Shamrai

The beam-type instability in a helicon plasma with
stochastically heated electrons

IIIOPIYHUK - 2011

VII International Conference “Electronics and Ap-
plied Physics”, Kiev, Ukraine, October 19 — 22,
2011

V.B. Taranov
Invariant solutions for the 3D collisionless plasma
oscillations

VII International Conference “Electronics and Ap-
plied Physics”, Kiev, Ukraine, October 19 — 22,
2011

VYxpaincbka koH(epeHIis 3 (pi3uKu mIa3Mu Ta Kepo-
BaHOTO TepMosiiepHoro cuutesy - 2011, 25 —26
skoBTHA 2011 p., nuB. cTop. 156 — 157.

0O.A. ®enopoBuy

HepiBHOBAXHiCTb BUNPOMIHFOBAHHS iMMYJIbCHOMO
po3psay B BOAI B BUAMMOMY AiANA30HI i T 3aNexHiCTb
BiA HANPYXEHOCTi eNeKTpPUYHOro nons
HaykoBo-koopauHaniiina cecist «JlociimKkeHHs He-
iIeanbHOI mIa3mm», Mocksa, Pocis, 23 — 24 aucto-
maga 2011 p.

0O.A. ®enoposuy, JI.M. Boiitenko

TTpo pe3ynbTaTy NOPIiBHSHHA eKCNepUMeHTaNbHUX
KoewillieHTiB po3naay i Yacis XUTTA 3apaaxeHnx
YACTUHOK HeifeanbHoi NNasmu imnysibCHOro 3apsay
B BOAI 3 PO3PAXYHKOBUMU 3HAUYEHHAMMU
HaykoBo-koopauHaniiina cecist «locmigKkeHHs He-
iIeanpHOI mIasMu», Mocksa, Pocis, 23 — 24 nucto-
naga 2011 p.

Papioexonoria Ta paaiobionorisa:

A.l. Jluniceka, L.I1. Ipo3xa, H.K. PogioHoga,

71.1. Cepkis|, O.B. FOpuenko
P

Pusukum BinaaneHux eqekTis y TBApUH 3a TpUBANOT Al
PaAiOHYKNiAiB YOPHOBUBCHKOTO BUKUAY
MixnaponHa koHpepenuis «Pamiobionorivni Ta
panioekosorivni aciekTd YopHOOMIIBCHKOT KaTacT-
pocu», CnaBytny, 11 — 15 xBitHs 2011 p.

A.L Jlunceka, O.0. Bypno M.B. XKenToHoxcbKa,
H.B. Kyumniy, B.I. Hixonaes

HakonuyeHHs TeXHOreHHUX padioHyKMiAiB Yy AesSKUx
BUAIB APiBHUX rPU3YHIB YOPHOBUIbCLKOT 30HM BiAYy-
XeHHs Y BiaAaneHi nicns asapiiHi TepmiHu

MixnapoaHa koH(pepenmis «Paniobionoriuni Ta
panioekosorivHi acriekTd YopHOOMIILCHKOT KaTacT-
podu», CnaBytny, 11 — 15 xBitHs 2011 p.
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LII. dpo3a, M.YO. I'pumxyk
OcobnueocTi aaanTaLil NepcoHany A0 YMOB 30HU

BiAvyxeHHa YAEC 3a xpoHiuHoi Ail pasiauitiHoro
YMHHUKA

MixnaponHa koHpepenis «PamiodionorivHi Ta
panioexonoriyni acnekTd YopHOOMIILCHKOI KaTacT-
podwm», CnaBytny, 11 — 15 kBitHs 2011 p.

LII. Ipo3

TTopiBHSHHS ePeKTUBHOCTI 3aX0AiB paaiaLitiHOro
3GXMCTY HaceneHHs, Wo NOoTpanumio B 30Hy BRUBY
aeapii Ha YAEC

MixnaponHa koHpepenuis «Pamiobionoriuni Ta
pamioekosoriyHi acriekT YopHOOMIIBCHKOT KaTacT-
podwm», CraBytndy, 11 — 15 xBiTHSI 2011 p.

H.E. 3apyOuna

HakonneHve paavoHyKNNMAOB BLICWUMMU Fpubamm
nocne asapuu Ha YAIC (1986 - 2010 rr.)
MixnaponHa koHpepenuis «PamiodionorivHi Ta
panioexonorivyni acnekTd YopHOOMIILCHKOT KaTacT-
pocdm», CnaBytny, 11 — 15 kBitHs 2011 p.

O.J1. 3apyoun

TTpobnemsr o6pallieHna ¢ BOAOEMOM-0XSIaAUTENeM
nocne BelBefieHUs U3 skcnnyaraumm YASC
MixnapoaHa koH(pepenist «Pamiobionoriuni Ta
pamioeKoJIoTigHi acieKTH YOpHOOMIBCHKOT KaTacT-
podm», CraBytnd, 11 — 15 xBiTHSI 2011 p.

H.B. Kynuu, M.JI. Bounapbkos,
M.B.XKenronoxckas, A.W. JIunckas
WNccneposaHue BepTUKAbHOM MUrpaLinm
PAAUOHYKNUAOB Ha TeppPUTOPUU NONUTOHA «PbIXUA
nec»

MixnaponHa koHpepenuis «Pagiobionoriuni Ta
pamioekosoriuHi acriekTr YopHOOMITBCHKOT KaTacT-
pocdm», CnaBytny, 11 — 15 kBitHs 2011 p.

H.E. 3apyOuna

PaavoHyknuaHoe 3arpssHeHue BbICWIMX rpubos
nocne asapuu Ha YHA3C

MexnaynaponHas koHpepeHIus «/{Baamars maTh
net YepHOOBUIbCKON KaTacTpodsl. bezomacHocTh
oymymero» Kues, 20 — 22 anpens 2011 r.

O.J1. 3apyOun

MckyccTBeHHbIe paAUOHYKUALL B NPeCHOBOAHBIX
pbibax nocne asapuu Ha HAIC

MexayHapoaHas koHpepeHus «JIBaauats niath
netr YepHOOBUIbCKON KaTacTpodsl. bezomacHocTh
oymymero» Kues, 20 — 22 anpens 2011 r.

JL.K. be3npobnas, O.®. Cenrok, JI.B. TapaceHko,
T.B. llpiranok, FO.A. Hocau
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Buonoruveckas uHavkauus BnUsHUS
NPOU3BOACTBEHHBIX YcI0BUMA Ha nepcoHan 'CTT no
06palLeHUo C PaaUOAKTUBHLIMU OTXOAAMU U
Ae3aKTUBALIMU «KoMNneKe» B 30He oTvyXaeHUs
YASC

Poccuiickas Hay4Hast KOH(QEPEHIHS C MEXIyHapOI-
HBIM y4acTHeM «AKTyaJbHbIE MPOOIEMBbI TOKCHKO-
noruu 1 paguodunonorun», Cankt-IlerepOypr, Poc-
cus, 19 — 20 mas 2011 r.

O. Burdo, D. Vishnevskiy, T. Melnyk, V. Nikolaev
Analysis of mikro nuclei in bone marrow cells of
Chletrionomus glareolus, Microtus agrestis, Micro-
tus arvalis captured in Chornoby! zone

14" International Congress of Radiation Research
ICRR2011 “The Chornobyl impact on Health and
environment — a quarter century later”, Kyiv, Sep-
tember 2 — 3, 2011

T. Tsyganok, D. Vishnevskiy, L. Bezdrobna,

I. Drozd, Yu. Nosach, V. Fedorchenko, S. Kyreyev,
Ye. Ganzha

Radiation-hygienic conditions and medical and bio-
logical indicators of 30-km Chornobyl NPP Exclusion
zone inhabitants

14™ International Congress of Radiation Research
ICRR2011 “The Chornobyl impact on Health and
environment — a quarter century later”, Kyiv, Sep-
tember 2 — 3, 2011

M.B. XKentoHoxckas

MccnenosaHue KOHLEHTPALMU pAAUOHYKIIUAOB B
obpasLiax, 0TO6paHHLIX BHYTpYU aBapuiiHOro 6noka
YA3C v B nouBax Npuerarolmx Tepputopun

VII MixxaapoaHa HayKOBO-TIpaKTHYHA KOH(DEpEHTIis
“Exonoriyna 6e3rneka: mpoOJieMH 1 IIISIXH BHPI-
menHs”’, Amymra, 12 — 16 Bepecus 2011 p.

H.B. Kynuu, M.B. XKenronoxckas, A.W. Jlunckas
MccnenosaHue BepTUKANIbHOW MUMPaLIMU PaAUOHYK-
JNINAO0B Ha TeppUTOpUUN NOSIUIOHA «PbIxuii nec»

VII MixnapoiHa HayKOBO-TIPaKTHYHA KOH(EPEHITis
“Exonoriuna Oe3meka: mpoOIeMH i MUISIXA BHPI-
menHs”’, Amymra, 12 — 16 Bepecus 2011 p.

A.N. JIunckas, M.B. XKenronoxckas, B.H. Hukona-
eB, E.O. bypno

MccnenosaHue paavoakTUBHOMO 3arpsA3HeHUs Teppu-
TOPUU U YpOBHEWN HAKOMIIEHUS| pAAUOHYKNAOB Y
pbIxeld NoneBkn B ycrnosuax YepHobbINbCKOMU 30HBI
oTYyXaeHUs

VII MixxHapo1Ha HAyKOBO-TIpaKTHYHA KOH(EPEHIis
“Exomnoriyna Oe3neka: mpoOaeMH i MUITXH BHPI-
meHHs”’, Anymra, 12 — 16 Bepecusa 2011 p.
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JOIIOBIAI HA KOH®EPEHIIIAX

B.B. Tpumwusn, B.A. Arees, B.M. lllesens, JLK. be3-  Mexaynaponnas koadepennus “Anpo-20117, Ca-
IpoOHa poB, Poccus, 10 — 14 okts16ps 2011 r.

Po3spobka TexHonorili Ta opraHisais BUpobHULITBA
paaiogapmaLieBTUYHUX npenapatis 8 I HAHY
MixnaponHa koHpepeHuis " nepHa MeauuuHa:
®izuka. [mxenepis i mpakruka", Xapkis, 19 — 21
BepecHs 2011 p.

O.B. l'aiinap, B.B. Tpumun, B.A. Arees, A Jl. Ca-
KEHIOK

AHani3 3a6pyaHeHHs 30-KinomeTpoBOT 30HW BiaYy-
*eHHs YAEC TpaHCypaHOBUMU enemeHTamm

MixxHapoaHa KOH(epeHLiss AMEpPUKaHCHKOTO Teo-
M.V. Zheltonozhskaya ¢izuunoro corozy CHIA, Can-®panuucko, CLIA, 5

Studies of fuel-containing materials sampled from — 9 rpyans 2011 p.
Chernobyl Nuclear Power Point 4th reactor unit
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KoHpepeHLii, Hapaau, npoeeaeHi iHcTuTyToM y 2011 p.

LopiyHa HaykoBa koHpepeHuia IA0 HAH YkpaiHu, 25-28 ciuHa 2011 p.

3 MeTOI0 MAOWUTTS MiACYMKIB HAYKOBOI MisIILHO-
cTi iHCTHTYTY 32 pik y S]] HAH VYkpainn nposo-
nateest Lllopiuni HaykoBi koHbepenmii. Ueprora
koH(pepenttis BigOymacs 25-28 ciuas 2011 p. Ha
koH(pepeHIii Oyiu mpeacTaBiIeHi OCHOBHI HAIPSIMKH
po0oTH IHCTHUTYTY, a came:

1. SAnepHa ¢izuka.

2. ATOMHa eHepreTuka.

3. Pamiamiiina ¢i3uka Ta paniamiiiHe MaTepiano-
3HaBCTBO.

4. di3uka MmIa3Mu.

5. Pagioekouoris Ta pagiobiomoris.

VY koH(epeHmii B3sUIM TaKOX ydacTh (axiBii 3
IHIIX HAyKOBUX yCTAHOB Y KpaiHMU.

Bynu mpoBeneHi muiieHapHi 3acimaHHS 3 OTIISAIO-
BuMH jonoBinsamu (30 XB.), Ta CEKIiHI mapalenbHi
3acilaHHs 3 OpHUTiHAILHUMH ToBimomieHHsAME (10—
15 xB.). Kpim Toro, yactTuny HaykoBUX poOiT Oyio
MPEJICTaBIICHO Ha CTeHMOBIiH cekuii. [loBHY iH)OP-

Malif0 Mpo KOH(EpeHLil0 po3MilleHo Ha BeO-
CTOpIHII

http://www kinr.kiev.ua/Annual_Conferences/KINR
2011/

JonoBiai Ha nJjieHAPHUX 3aciTaHHAX:

O.A. ®enopoBud. ExcnepuMeHTanbHI  AOCTIA-
JKEHHS TIPOIIECIB peraKcallii HeineanbHOl IIa3MHy Ta
iX TTOpIBHSIHHA 3 TEOPIETO.

B.IO. [lenncos. Cy4acHe HaOmkeHHS 10 anbda-
posmany, anbda-3axBary Ta anbga-saaepHoOi B3aEMO-
il

B.M. Ilyrau. HoBi 00pii }i3ukm BHCOKHX eHep-
Tiil.

B.M. Pegka, JL.I. Yupko. KonTpoins paniatiiiHoro

OKpUXYYyBaHHsS MeTanxy KopmyciB peaktopiB BBEP-
1000 B YkpaiHi.

YKpaiHcbKka KOHpepeHUia 3 (Pi3uKU NasMu Ta KepoBaHOrO TepMOSAEepHOro CUH-
Tesy - 2011, 25 - 26 xosTHa 2011 p.

25-26 xoBtHs 2011 poky B M. KueBi BinOymnacs
VYkpainceka KoH(MepeHis 3 (i3UKU IIa3MHU Ta Kepo-
BaHOTO TEPMOSICPHOTO CUHTE3Y. MeToro Ii€i KOoH-
(hepeHnwii Oyno MiOUTTS MIACYMKIB JOCTIIKCHb B
Vkpaini B ramy3i (i3uKd IUIa3MH Ta KEPOBAHOTO
TEPMOSIEPHOTO CHHTE3Y 3a PiK, a TAKOXK KOOpHHA-
mist ux pociimkens. Kongepenuio Oyae mposese-
HO Ha 0a3i [HcTuTyTy sinmepuux gocnimkens HAHY
(IA1) mpu copusiaai [HCTUTYTY TeopeTudHoi (izuku
iMm. M.M. Boronro6osa HAHY (IT®). Llieto koHde-
peHuiero OyJo MPOJOBXKEHO Cepito KOH(pEepeHIiH,
3anouyaTkoBany B Kuesi [IS1]] — 1992 .] i npomoBxke-
Hy B Xapkosi, AmymTi Ta Kuesi na 6a3i HHI] «Xa-
pKiBCbKHH (izuko-TexHiuHui iHCTHTYT» (XDTI) Ta
A4 npu copusani [T®. OpranizaniiHuii Ta mpo-
rpaMHUN KOMITETH OYOJIOBAB JOKTOpP (i3HMKO-MaTe-
MaTHYHUX HayK, npodecop f.1. Korecanyenko.

Ha xondepentii 0yno mpencraBieHo 76 IOMOBi-
neii. Ha 9oTHpboX cekIisx Oyio BHTOJIOMICHO 25
yCHUX momoBineit. Pemry, 51 momoBink, O6yio mpen-
CTaBJICHO HA CTEHaX.

IToBHY iH(OpMAaIiIO PO KOH(DEPEHIIiI0 PO3Mi-
IEHO Ha BeO-CTOPIHIT

http://www.kinr.kiev.ua/UCPPCF/2011.html

JonoBini Ha nJIeHAPHUX 3aciTaHHAX

L.€. Iapkyma. OCHOBHI pe3yJbTaTh IOCIIIKEHb
ipo3po6oxk IDIT HHI] XDTI B 2011 porri:orsix

S1.1. Komicauaenko. «BucokoeHepriitHa oco0mu-
BICTB» PO3MOLTY €HEPTiHHUX HOHIB Y CEepUIHOMY
topi NSTX

B.C. Botinens. [Ipouecu nepenocy B mia3mi BU
po3psiay B crenaparopax «Yparan-3M» ta«Yparas-
2M»

B.€. Moticeenko. [linkpuTnaauii simepHuit peak-
TOp 3 TEPMOSACPHUM DKEPEIIOM HEHTPOHIB Ha 0asi
BIJIKPUTOI TMaCTKH Ta KOMOiHamiicTemaparopa i Bij-
KPUTOI ITACTKH.

P.O. TTaBniuenko. OcoOIMBOCTI BUIIPOMiHIOBaH-
HS IJIa3MH Ha YacTOTi JPyroi TapMOHIKH eJNEKTpPo-
HHOT'O IIMKJIOTPOHHOTO PE30HAHCY Ha AJISI TOPCATPO-
Hi Yparan-3M.

10.B. fxoBenko. CuHeprisam anb()BEHOBHX He-
CTIMKOCTEH uepe3 KOMIITOHOBE PO3CISIHHS HAaIIBH[-
KHX MOHaX.
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A.I'. 3aropomnii. O0’eqHaHmii onuc OallicTHY-
HUX 1 qudy3iiHUX TpOoLECiB AJ MIa3MoOBOi TypOy-
JICHTHOCTI.

1.O. Tipka. 30ymKkeHHS 1OHHUX a3MMyTaIbHHUX
MTOBEPXHEBUX MOJ Y 3aMarHivdeHid Iu1a3Mi JISTKUMH
i0HaMH

0O.B. Anexcenko. [lornunanns BY — enexrpoma-
THITHOTO TOJNS B TPUOCHOBIH 00macTi po3psaHoi
KaMepH IIa3MOBOT0 JKepesia FeTiKkOHOBOTO THILY.

B.C. Muxaitnenko. Hemonaneauit miaxin y kine-
TUYHINA Teopil 3CYBHHUX TeUill 1mia3mu.

IO.M. TonoukeBud. 30yKEHHsS KiTbBAaTEPHOTO
MOJIS B IUIa3Mi MIIIHAPUYHAM €JIEKTPOHHUM JKMYT-
KOM.

I.b. Jlenucenko. IIpoxo/keHHS eNeKTpOMarHiT-
HOT XBWJII Kpi3b Iapy HEOAHOPIIHOT IIa3Mu

B.B. ®ininnor. Hoeuit Mmeron BumiproBaHHs da-
30BOT'0 3CYBY 30HIyIOUHMX CHTHAJIIB.

B.A. JKoBTsaHChkuil. 3arampHUIl KpUTepili BH-
MPOMIHIOBaJIbHOI HEPIBHOBAKHOCTI TITa3MH.

C.IL. Jynens. [loTounuit ctan MOCTIKEHB IUTa-
3MOBOI JIIH3W Ui (POKYCYBaHHs IHTCHCUBHHX ITyd-
KiB HETATHBHO 3apsKCHUX YaCTHHOK

K.II. IIampaii. KpaitoBi BU momu Ta reHepartis
SIIEKTPOHHUX CTPYMIB y HEOJHOPIMHINA TeNiKOHHIN
T1a3Mi

I'.O. TaBpuk. B3aemonis mmioBHX YacTUHOK B
J1a3Mi 3 MarHiTHAM TTOJIEM.

10.B. KostyHs. [docnimkenas obepTaHHs M1a3Mo-
BUX NPOLIAPKiB pi3HOI ryctuHu B cxpeuieHux ExB
HOJISIX

K.M. Cepena. CunpHOCTPYMOBI PEKUMH MarHe-
TPOHHOI PO3MUIIOBAIILHOT CUCTEMH 3 3amo0iraHHsAM
JIyTO YTBOPEHHS.

0O.A. ®enoposud. [lnmazmMoxiMiyHMIA CUHTE3 Ta
(hi3uuHI IOCITiIPKEHHST HAHOPO3MIPHUX ajaMa30IIo/i-
OHUX IUIIBOK.

.M. Onumenko. Po3surok pobdit 8 HHII XDTI
M0 TIPUCKOPEHHIO 3aps/UKEHUX YaCTUHOK XBHIISIMU
IIUTEHOCTI 3apsiy B IJIa3Mi

J.A. CutHukoB. IloTik yTeKIMX €IEKTpPOHIB B
Topcarponiyparan-3M

A.A. I'ypun. I'BUHTOBI KOJWBaHHSA NWIIHAPUY-
HOTO ITiHYa 3 BpaxyBaHHsIM edekTy Xojura it obep-
TaHHS IUIa3MHU.

B.O. Maxunail. MonentoBanns BBy ELMS Ha
muBeptop peaktopy ITEP: B3aemonii moTyxHHX

IIOPIYHUK 2011

IMITYJIbCHHX 1 KBa3iCTAIliOHAPHUX TIOTOKIB IIA3MH 3
Marepiaramu

O.l. T'ipka. IHTeHCHBHE Kepeno iOHIB A JO-
CIIPKEHHS aHOMANbHOI epo3iiMmoBepXHi MepuIoi
CTIHKH TEPMOSIEPHOTO PEAKTOpa.

JomnoBixi cniBpoGiTHHUKIB IHCTHTYTY Ha
CeKUIHUX 3acifaHHAX

B.C. Mapuenko. «HipmiHr» 4acTOTH ITiJT 9ac cra-
nmaxoBoi MI'Jl akTHBHOCTI.

[1.B. Tlopunkkwuii. Bruime pomiiok meramiB Ha
BJIACTHBOCTI [Ia3MH IMITYJIbCHHX PO3PSIIB y BOJI

O.A. ®enopoBuu  ExcniepuMeHTanbHI pe3yibTa-
TH IOCIiIKEeHHS Koe(illieHTIB po3mamy HeifeambHOi
TUTa3MH IMITyJIbCHUX po3psaiB y Boxai (IPB) ta ix
MOPIBHSAHHS 3TEOPETHYHIMH PO3paXyHKaMH.

O.A. ®enopoud. [Ipo BIUIHB pO3MUIICHHS €lIEK-
TpoaiB [IXP Ha MBUIKICTH TPaBICHHS KPEMHIIO.

B.O. fABopcekuii. Posmoxinu mudysiiiHUX BTpaT
mBuaKkuX 10H1B Ha JETI.

O.I1. ®ecentok. Briue HeoxHopinHOro 0bepTaH-
HS TUIA3MU Ha T100anbHi anb(BEeHOBI BIIACHI MOJIU B
TOPOITabHUX TEPMOSICPHUX IPUCTPOSIX.

B.M. Jlamkin. /[BoBUMIipHI HeNiHiHHI JIOKaTi30-
BaHi CTPYKTYPH — a3UMYTOHH.

B.M. IlaBnenko. Ilporecu Tpancdopmariii B 3a-
MarHiueHii mia3mi 3 HIKHbOTIOPUIHOK HAKAYKO0,

B.M. [laBnenko. BB BepXHBOTIOpUAHOT HaKa-
YKH Ha MPOLECH PelaKcallii TeMIeparyp B IUIa3Mi.

B.b. Tapanos. HemiHiliHi cHipanbHi CTPYKTypH
SIK TIPOSIB BHYTPIIIHBOI CUMETpii HEpeIsSATUBICTCHKOI
IUIa3MU.

B.M. Cnobonsn. BrmuB xongirypauiitaux ¢ax-
TOPIB HA PO3BUTOK Ta XapPaKTEPUCTUKH IHTEHCUBHOI
HHM3bKOYaCTOTHOT HECTIMKOCTI B IIa3Mi I'€JIIKOHHOTO
JOKepelia 3 TUIAHAPHOI0 aHTEHHOO.

B.®. Bipko. BrcokouacToTHi eneKTpuyHi 1mosis B
TeTIKOHHOMY PO3pSIIi.

T.C. Pynenko Ilepexigni xonmuBaHHS THpu ¢op-
myBaHHI BY rpaHMuHMX mapiB y 3amarHiueHii
Ia3Mi.
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MixHapoaHa Hapaaa konabopauii AMoRE - 2011, 27 - 28 xosTHa 2011 p.

27 —28 xoBtHs B IS]l HAHY Oyna nposenena
Hapajga  MbkHapojgHoi — komaboparii  AMoRE
(Advanced Molybdenum based Rare process
Experiment, BeO-calT KoJabopartii:
http://q2c.snu.ac.kr/DBD/).  Komnabopamiss  Oyna
yTBOpeHa y xoBTHI 2009 poky, CTAHOM Ha >KOBTECHb
2011 poky no ii ckiagy BXOIATh 72 y4eHHX 3 9-Tu
incTutyTiB 5-TM Kpain: Kopelicbkoi Pecmy0mikwy,
Pociiicekoi ®Denepanii, Ykpainu, Kuraiicekoi Ha-
ponnoi PecnyOniku i ®epepatuBHoi PecmyOmiku
Himeuunnu.

Mertoto kosaboparlii € 37iiiCHEeHHSI BEJIMKOMACIII-
TaOHOTO E€KCIEPUMEHTY 3 MOIIYKY Oe3HEHTPUHHOTO
nojBiiiHoro Oeta-po3many sigpa — Mo 3a IOIOMO-
TOK0 CHUHTWIAIIRHUX KPHUCTAIIB MOJIOMATy Kaib-
nito (CaMoOQy). Anpo 1Mo € omuum 3 HalGiIbIT
MIEPCIIEKTUBHUX 00’ €KTIB JJIS JOCHIKEHb MIPUPOIN
HelTpuHO (dacTuHKa Maiiopanu un Jlipaka?), BUMi-
pPIOBaHHA MacH 1 BCTaHOBJICHHS CXEMH MAaCOBHX
CTaHIB HEHTPUHO, TMEPEBIPKH 3aKOHY 30epe:KEHHS
JICITOHHOTO 4YHCJia, TOIIYKY e(eKTiB 3a MeXaMH
CTaHAAPTHOI MOJIEIi YACTHHOK.

Ha mepmiomy erami eKCHIEpHUMEHTY IUIaHYETHCS
BHUKOPUCTAaHHS CUMHTWIALIMHAX AETEKTOPiB MOJi0-
JaTy Kaublilo Opu KiMHaTHIA Temmepatypi. Komna-
Oopailiero yxe po3poOJieHi JOCHiIHI 3pa3Ku YHiKa-
JTHHUX CIUHTWIALIAHUX KPHUCTATIB i3 30araueHoro
i3oTorry monioneny 100 i kanbifiro 30iJHEHOTO Ha
i30TOI Kajbiliio 48 (OCKUIbKH HaBiTh HaJ[3BHYAIHO
cnabkuil eeKT ABOXHEUTPUHHOTO MOJBiiHOrO Oe-
Ta-po3magy Ca MOXe 3aBaAaTH TOIIyKY OE3HEHT-
punHOro 2B-posmany sapa '*Mo). Pospobka crms-
Tunsniitaux kpucranis *'Ca'*MoO, 3 Hu3bKHM piB-
HEM pallioaKTUBHOTO 3a0pyIHEHHS € OJHI€I0 3 Hali-
OlTbII BaKIIMBHX 3a7ad NpoeKTy. HuzbkooHOBI
eKCTIEpUMEHTH JJIsl BUBUEHHS (POHY IMX KPHCTAIIB
yKe BeAyThCsl y Min3eMHii naboparopii SAur Anr y
Kopei.

Ha apyromy erami mepen0ayeHO BUKOPHCTaHHS
KPUCTAJIIB 40CamOMoO4 K CUMHTWIALINHUX 00J10-
metpiB. lle HEOOXimHO IS NOCSTHEHHS BUCOKOI
PO3AUTHLHOI 37]aTHOCTI (32 PaxyHOK TJIMOOKOr0 0XO-
JIOMKEHHST KPUCTAJIB 10 KUTbKOX Miji-KenbBiHiB) i
po3nineHHs nofii edekry Bix GoHy (3a 1OMOMOTO0
OJTHOYACHOI peecTpalii CBITIOBOIO 1 TEMJIOBOTO
CUTHAJIIB, IO JIO3BOJISE 3 BHUCOKOK €(EKTHBHICTIO
BIZIKUJIATH TOAii Bix aib(a-4acTHHOK ypaHy i To-
pito). Ls cyyacHa, Haj3BHYaiHO CKJIaJHa TEXHIKa,
3apa3 PO3BUBAETHLCS JIMIIE Y KIIBKOX Jlaboparopisx
CBITY 1 € OJHI€I0 3 HAWOLIBII MEPCHEKTUBHUX IS
MOIIYKIB MOJBIHHOTO OeTa-po3mnany. Komabopariero
y’K€ OTpUMaHi MepIi MO3UTHBHI PE3yJIbTAaTH B LbO-
My HampsMKy, HIO € BHJAaTHUM JOCSTHEHHSM. Y

TaKOMYy pPEXKHUMiI poOOTH AETeKTOp OyAe 3aTHHiM
TaKOK BECTH MOLTYKH YaCTHHOK TEMHOT MaTepii.

ExcniepiMeHT BHeCeHHH 00 Tepeniky HaiOimb
BaXXJIMBUX TPOEKTIB y (yHAaMeHTalbHIH ¢izumi y
Pecny6nini Kopes, minrpumyerbes PenepanbHuM
IHHOBAaLIIMHUM areHTCTBOM Pocitichkoi deneparii.

VY Hapani npuitHsann y4acts yueHi 3 Kopeiicbkoi
Pecny6niku, Pocilicekoi ¢enepanii, Yipainu i De-
neparuBHoi PecryOniku Himewuwnu. Byno mpen-
ctaBiieHo 16 pomoBinei, Oyiu THpOBeIEHI JBa 3a-
rapHUX oOroBopeHHs. [erampna iHdoOpMaris mpo
Hapajy  TpeACTaBIeHa Ha  BeO-CTOPIHII
http://lpd.kinr.kiev.ua/amorel 1

IIpencraBieni nonosini

Kim SunKee, Seoul National University (SNU,
Seoul, Korea). Goal of the meeting.

Tretyak Vladimir, Institute for Nuclear Research
of NASU (INR), Kyiv, Ukraine. Current status of 23
decay experiments and projects, where we are with
AMOoRE?

So JungHo, Kyungpook National University,
Daegu, Korea. Status of 100Mo based O-neutrino
double beta decay search at Y2L.

Vladislav Kobychev, INR, Kyiv, Ukraine. Meas-
urement of CaMoOQ, scintillation detector in Y2L:
preliminary result.

Oleg Buzanov, JSC Fomos Materials (Moscow,
Russia). ITEP/FOMOS CaMoO, crystal with en-
riched materials.

Mokina Valentyna, INR Kyiv, Ukraine. Test of
scintillation properties of CaMoOy crystals produced
by CARAT.

Vladimir Kazalov, Baksan Neutrino Observatory,
Institute for Nuclear Research of RAN (BNO), Rus-
sia. Radioactive isotopes content measurement in the
starting material and scintillation crystal CaMoOQO,
produced therefrom for AMORE experiment.

Danevich Fedor, INR Kyiv, Ukraine. R&D of
ZnMoOQ; crystals for cryogenic experiments.

Lee Sang-jun, SNU, Seoul, Korea & Korean Re-
search Institute of Standards and Science, Daejeon,
Korea. Cryogenic detector development with
CaMoOQy crystal.

Fleischmann Andreas, Univ. Heidelberg, Ger-
many. Recent developments of magnetic calorime-
ters for photon and particle detection.

Mokina Valentyna, INR Kyiv, Ukraine. Optimi-
zation of crystals shape for cryogenic scintillation
detectors.
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Myung SeongSook, SNU Seoul, Korea. AMoRE
simulation.

Kim YoungDuk, Univ. Sejong, Korea. Studies on
EC/B+ experiment with HPGe detector.

Ratkevich Sergey, BNO, Russia. Signal extrac-

tion from noisy data use wavelet analysis. (On the
search example of the 2K-capture Kr78).

Danevich Fedor, INR Kyiv, Ukraine. CaMoQ,
double beta experiment: a vision of next steps.

Sun Kee Kim (SNU, Korea). Summary remarks

IX YkpaiHcbka KOHgpepeHLUia 3 i3su4YHOro 3axmcrty,obniky Ta KOHTPOMHO aaepHOro
matepiany, 4-10 sepecHs 2011 p.

JeB'aTa mopiuHa ykpaiHchbka KoHMepeHIis 3 ¢i-
3UYHOTO 3aXHCTy, OONIKY Ta KOHTPOIIO SACPHOTO
Marepiany npoxoxawna 3 4 mo 10 Bepecus 2010 p. Ha
[TiBmenno-Ykpaincekiii AEC (M. KOxxHOYKpaiHCHK)
Kondepenmis Oyna opranizoBaHa Ta TIpOBeIcHa
IliBnenno-Ykpaincekoto AEC Tta Hapuamsaum
LEHTPOM 3 (i3UIHOTO 3aXHUCTy OONIKY Ta KOHTPOIIO
SIIEPHUX MarepianiB [HCTUTYTy SOepHUX JOCHi-
mkenb HAHY cmimsHO 3 Minenepro CIIIA Ta
O0’eaHaHUM OCTITHAILKAM IIEHTPOM CBpOMEHChH-
koi Kowicii. Tlporpama xoHepenmii oxorurroBana
BCi aKTyasbHI Ui YKpaiHU HaNpsSMKHA B Tainy3i 00-
JKYy Ta KOHTPOJIIO SJIEPHOTO Marepiany. YdacTe y
KOH(EpEeHIii Jgana MOXIUBICTh CIeIiiaiictaM 3 00-
JKy Ta KOHTPOIIO SIIEPHOTO MaTepialdy YKpaiHCh-
kux AEC, mocnmigHHUIBKUX IHCTHUTYTIB, JEpKaBHHUX
OpraHiB Ta IHIIMX OpTaHi3amii, OOMIHATHCS JIOCBi-
JIOM, OOTOBOPUTH aKTyaJibHi IMHUTAHHS, SKI XBUJIO-
I0Th yCiX yuacHUKiB. [Hpopmamito npo xoHpepeH-
ito PO3MILIEHO Ha BeO-CTOPIHII
http://www.mpca.kiev.ua/confer.htm

Yuacankamu koHpepeHIiii Oymu 56 ykpaiHChKHX
(daxiBmiB i 12 ¢axismiB 3 €Bpocorosy, CIIA Ta
CH/I. Ha xondepenmii Oyno 3acmyxano 37 momosi-
Jieit, a caMme:

N.P. Xeber. HOxkHO-YKpaWHCKUH DHEPTOKOM-
TIJIEKC

B.M. Kupumyk. Yyactue yKpamHCKHX CHELua-
JTUCTOB B paboTe 52-i1 exeromHol KoH(epeHIHH
INMM

W.P. XKe6ert. [lepBas nuanS 000pOHBI

E.N. Karynun, JIL.M.Canuii. OnsIT BHEOpEeHUS
MIPUHIIATIOB KYJIBTYPHl siAepHON (hn3mueckoir 0e30-
nacHocTu Ha YepHoObUIbCKOH ADC

benkun @.B., T.E. Ky3neuoBa, A.H.CaBuenko.
AmmapaTHO-IPOTPaMMHBIE ~ METOZABI  MOBBIIICHUS
3aIUThl HTHPOPMALIUN

Makapenko O.B., Kynunpkuit .M. Poms I
HAEK «Eneproatom» y 3abe3nedeHHi 3axofiB 3
AQHTUTEPOPUCTUYHOI CHPSMOBAHOCTI Ha AaTOMHHX
€JICKTPOCTAHIIISIX

IIOPIYHUK 2011

B.B. ApramonoB, Banpnman U.B., A. U. I'na-
tenko, Jleunxuii B.}O. BzamMmoneiictBue cucTeM
(u3nYecKor 3alUThl, ydeTa ¥ KOHTPOJS SACPHBIX
MaTepHalioB IPU MEePEBO3KaxX SACPHBIX MATEPUATIOB

JBoernazoB A.M IlepcrieKTUBBI CO3/laHUs TIPE-
MpUATHS TI0 Tpon3BOACTBY SAT.

KpaBuenko H.M., HexoTopble acmekTsl yrpo3bl
HE3aKOHHOTO TIEPEMEINEHUS ANEPHBIX M PaguOaK-
TUBHBIX MaTEpPHUAJIOB U MOPSAIOK JICUCTBUN C ILIEJIBbIO
UX MUHUMH3A1UH

M. Davainis. Licencing Process and Common
Euratom and IAEA Safeguars Inplementation at the
New Dry Spent Fuel Storage at Ignalina NPP

C.A boraanoB. ,Cucrtema MOATOTOBKH POCCHI-
CKHX CHEIHAaJNCTOB B OOJIACTH ydeTa M KOHTPOIS
SIEPHBIX MaTePHUAIOB

B.M. TI'opbaues, [''M. bexynos, C.A bormgaHos.
HccnenoBanue BIUSHHS Pa3MYHBIX (PaKTOPOB Ha
pe3yabTaThl U3MEPEHUN M30TOIIHOIO COCTaBa ypaHa
¢ ucrnonszoBanneM HPGe-netexTopa M mporpammsl
FRAMv.3.4

B.A.Po3ym. Bompocsl, TpeOytomme aeTanbHOTO
paccMOTpeHusl TIPHU TJIAHUPOBAHUW MOJIEPHHU3AINN
KOMILJIEKCa HHXEHEPHO-TEXHUYECKUX cpelacTB CD3

I0.I1. Contuc. docsin BIT «PiBaencrka AECy» 3
NPOBEJICHHS OLIHKK CTaHy CHCTeMHU (i3UYHOrO 3a-
XHCTY

B. Kynunnu. KyneTypa 3amumnieHHocT!

Yepupin E. MHpoOpManmoHHO — aHanUTHYECKas
CcUCTeMa YKpauHBI 10 JOMOJHUTEEHOMY MPOTOKO-
Iy

T. Mopo3zosa. IlpoTroTun ycTaHOBKH AJi1 KOH-

Tposiss rinyounsl Beiropanns OBTC PBMK-1000 B
XOAT-1

B.H. Omutpant. Y4é€r U KOHTPOJb, (U3HUECKAs
3alIUTa MPH TEePEeBO3Ke SAEPHOTO TOIUTMBA KOMIIa-
Hun « Westinghouse»
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T.H. JIlynanoBa. Y4eT U KOHTpPOJIb, IPUMEHEHUE
rapaHTUil MpH BBIBO3E BBHICOKOOOOTAIIEHHOTO HEOO-
JIy4EHHOT'O SIIEPHOrO TOIUIMBA WM CIICLUAJIbHBIX Je-
JISLUXCST MAaTEPUANIOB C UCCIIEN0BATENBCKOTO pEeak-
topa BBP-M HHcTuTyTa sSAEpHBIX HCCIEIOBAaHUN
HAH VYxpaunsl

A.I'. Apo3n. PazpaboTka HOpMaTHBHOH ITPaBOBOM
0a3pl 10 OpraHW3allMU CIIY)KeOHO-00EBOW NesATeNb-
HOCTH BHyTpeHHHUX Boiick MBJl Pecrry6onuku bena-
pych MO OXpaHe 0cO000 BaXXHBIX T'OCYAapCTBEHHBIX
00BEKTOB

A.A. Jlocumbaer. duznueckas 3aliura saepHbIX
MaTepHaJIOB Ha UCCIEN0BATENbCKOM peakTope BBP-
CM MUucTturyTa sipepHod (pu3ukm AkageMHHu HayK
PecniyOnuku Y30ekucran

O.b. I'yprko. HopmaTuBHO-IpaBOBOE pPETYIUPO-
BaHUe oOecriedeHHns (PU3MUECKON 3alUThl OOBEKTOB
WCIIOJIb30BaHMS AaTOMHOM SHEPTUU

H.A. Yepkamma. HeobxomumocTh pazpaboTku
MPOTPaMMHOTO OOecrieueHHs JUIsl IPOBEJICHNST aHa-
nmu3a 3 (OEKTUBHOCTH CUCTEM (U3MUECKON 3aIUTHI
Ha MPEINPUITUIX YKPauHbI

C.B. Hukynun. IloaroroBka crnenuaivcToB IO
YUYETy ¥ KOHTPOJIIO SIAEPHBIX MATEPHUAIIOB

N.B. OwmenpanoB. Cucrema ydera M KOHTPOJSL
snepHbIX MaTepuanoB Ha OIl PuBrenckoit ADC

B.1O. JleBuukwuii. B3aumoneiictBue moapasene-
Hull obecrieueHUs] GU3NIESCKON 3aIUTHI C MOApa3ze-
JICHHEM KOHTPOJIS M YyueTa SAEpPHBIX MaTepuajoB
IIPY TPAHCIIOPTUPOBKE

E.B. KoncrantmaoBa COCTOSHHE BBITOJHCHUS
MuHIHEPTOyTIEM 3aJaHul, CBI3aHHBIX ¢ (PYHKITHO-
HUPOBAaHMEM TOCYJapCTBEHHON CHCTEMBI ydeTa W
KOHTPOJIA SIICPHBIX MaTEPHAJIOB

N. A. CakyHnos. Utoru murpanuu n1aHHbIX U3 16-
TH O6utoBoit cuctemMbl AIMAS v.2.3.5 B 32-x 6uto-
Byto cuctemy AIMAS v.32.1

C.A. Huxomaes, N.E. ComoB, B.A. UYepHos,
P.JI. U6parmmoB, A.H. HukomaeB. PacdeTHo-3KCITe-
pUMEHTaJbHOE OmpefeNieHHe TIyOWHBI BBITOPAHUS
SIEPHOTO TOIUIMBA KaK TapameTpa sIepHoil 6e30-
MACHOCTH TPU XPaHEHUH U TPAHCIIOPTUPOBAHHUH OSIT

C. Jarnry. Generic Software for Research Reac-
tors.

A.A. CazonkuH, /.M. Musun. OcoOeHHOCTH OC-
HaIeHUs] 00BEKTOB ONTOBOJOKOHHBIMU KOMITJIEKCA-
MU OXpaHHOTO HazHaueHus «[ pukoH» M cucTtemMamu
OXpaHbl TepuMeTpa ¢ (QYHKIHEH 3SJIEKTPOIIOoKa
«Cxat-1». [Ipumenenune ckaHepoB «3aciioH» B obec-
MeYCHUH 0€30ITaCHOCTH 0OBEKTOB

. Yepkamua. O0y4yeHre YKPauHCKUX MOJIOJBIX
crnenuanucToB B Ucmnpe

C.A. Bamxa, J.B. Kyrauii, B.A. Muxaiinos,
@.B. benkun. Onpenenenne Maccel U30TOMOB ypaHa
¢ ucnoyib3oBanueM cucteMsl ISOCS

C.C. Triukosen, b.A. Smenko. Ananu3 peaiu-
3aiuu pexomeHauuit MAT'ATE B 3akoHOJaTENbCT-
B, PETyIHPYIOIEM (U3UIECKYIO 3aIIHUTy SIEPHBIX
YCTaHOBOK W SIIEPHBIX MaTepHalioB, B YKpanHe

10. Cronsipuyk. BepositHOCTHBINH KpunTorpadu-
YEeCKUH alITOPUTM U yCTPOMCTBO B cUCTeMe (HU3NUe-
CKOH 3allUTBI

JI.C XKebOer. ®usnueckas 3aiura, Kak CHCTEMA
KOMITJICKCHOT'O TTOIX0/1a- ITPOTHO3 aKTHBHOCTH Sr g
TamneikckoM BogoeMme-oxaaaureire FOYADC

A.B. Camconenko, B.I T'aBpumiok, O.I1. Pomano-
Ba, B.B. Ilapxomenko. Bxnan HaBuanbHOro neHrpy
3 (pi3UYHOTO 3aXUCTY, OOJIIKY Ta KOHTPOJIIO SAEPHO-
ro Marepiany imeni J[xopmka Ky3smuua y poboty 3
PO3pO0JICHHS MPOEKTIB HOPMATHBHO-TIPABOBUX aKTiB
3 (pizmuHOTO 3aXUCTY, OOJIIKY Ta KOHTPOJIIO SACPHUX
MaTepianiB

LopiyHa HaykoBa koHpepeHuia IA0 HAH YkpaiHu, 24-27 ciuHa 2012 p.

IlincymMkn HayKoBOi IisSUTBHOCTI IHCTUTYTY 3a
2011 p. Oynu migBeACHI Ha IMOPIYHIA KOHGEPEHIIIT
A1 HAH Yxpaian, 24-27 ciaas 2012 p. Ha xonde-
peHItii Oymu mpemcTaBieHi JTOCTIKEHHS 32 OCHOB-
HAMHU HampsMKH poOoTH iHCTHTYTYy. KpiMm cmiBpo-
OITHHUKIB IHCTUTYTY B KOH(EpEeHIlii B3SUIM y4acTh
(haxiBIIi 3 IHITUX HAYKOBHUX YCTaHOB YKpaiHM.

IloBry iHdopmamiro npo KoHGEpPEeHIi0 po3Mi-
mieHo Ha BeO-cropini http://www.kinr kiev.ua/
Annual_Conferences/KINR2012/

JonoBiai Ha nJIeHApHUX 3aciTaHHAX:

A.1. Konmicanuenko. @DyHIaMmeHTanbHA
TUTa3MH y TEPMOSIEPHUX JTOCIIHKEHHSIX

®.A. laneBuu. [lonsiliHuii OeTa-po3maji: craH
EKCIIEPUMEHTAIILHUX JIOCTIIKEHb 1 IEPCIIEKTUBU

B.J. Cyrakos. OcoGnuBocTi (OopMyBaHHS PO3-
MOJTy KOHIIGHTpAlii IMIUTAHTOBAaHUX B KpPUCTAI
aTOMIB 3a MEXeEI0 Mpooiry

M.C. Bopucosa. Hosi pesynsratn 3 RHIC Ta
LHC mno ynbTpa-pensiTUBICTCHKUM 3ITKHCHHSIM Bax-
KHUX 10HIB

¢izuka
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MIXHAPOOHE HAYKOBE TA HAYKOBO-TEXHIYHE CTTIBPOBITHWLITBO

Brpomorx 2011 poky IHCTHUTYT MPOJOBXKYBaB
HayKOBE CITIBpOOITHHITBO 3 12 3apyOiKHMME Hay-
KOBHMH SIZICPHUMU IIEHTPAaMH Ta YCTaHOBAaMH, a ca-
Me: HamioHanbHUM 1HCTUTYTOM siA€pHOI  (Pi3UKH
(INFN, Itamis), Hamionaneaoto naboparopieto I'pan
Cacco (Itanist), YaiBepcuretrom ®nopenmii (Itamis),
VuiBepcuretrom Minany (Itanis), [ncturyTom saep-
HO1 (pizukm im. I'. HeBogmiuancekoro (M. Kpakis,
[Tonpmia), [HCTUTYTOM simepHUX JOCHiKEHb (M. Ba-
puasa, [lonsma), DESY (m. [amOypr, HiMeuunna)
CERN (M. XKenesa, IlIBeitmapis), GSI (m. Hapmii-
tant, Himeuunna), HamioHaapHUM YHIBEPCHUTETOM
M. Ceyna, (IliBmenna Kopest), Ta MiHnicTepcTBoM
enepretuku CHIA.

OxpiM CHiBpOOITHHIITBA 3 TPOBITHUMH HAYKO-
BuMHu nentpamu €spornu ta CHIA I5/] mpoBoauts
CHIBMpalO 3 HAYKOBUMH YCTaHOBAMHU KOJMIIHBOTO
CPCP, a came:

3 [acTuTyTOM simepHOI (izukn Pecrybmikn Y30e-
KHCTaH;

3 @izuko-eHepreTHyHUM iHCTHTYTOM (M. OO-
HIHCBK);

3 [4® PI'Tl “HamioHanbHOro sSAEpHOTO LEHTPY
Pecny6nixu Kazaxcran”;

3 O0’eqHaHUM [HCTHTYTOM SIIEPHUX TOCTIIKEHB
(M. lybHa);

3 lHCcTHTYTOM simepHuMX pocmimxenpr PAH (M.
MockBa).

B 2011 p. edextuBHa MDKHAPOJHA NisUTEHICTH
MpoBOAMIACh y Bimaum (i3WMKU JIENTOHIB, SKUAN
MPOIOBKUB CITIBIIPAIIO 3 KUTBKOMa MiXKHAPOJIHUMHU
KoJraboparisimMu.

B pamxkax mpoekty SuperNEMO (®panuis, Be-
muka bpuranis, CIIA, Pocis, Icnanis, Snonis, Ye-
xis, Oimngamisa, Ykpaina, Ilomema, CrooBaduwnHa,
http://nemo.in2p3.fr/collaboration/) BemeThcs miaro-
TOBKa BEJIMKOMACIITAOHOTO €KCIIEPUMEHTY 3 MOLIYy-
Ky Oe3HeHTpHHHOTO MOJBIHHOTO OeTa-po3nany saep
2S¢ i ""'Nd 3 uyrnmBicTIO IO MacH HEHTPHHO Ha
piBHi 0.05-0.1 eB.

B pamkax cmiBmparti 3 rpynoro DAMA (yHiBep-
curetn y Pumi ,Jla Camienna” i ,,Top Beprara”,
HarmionansHa mabopatopis ['pan Cacco, Iramis) Be-
IyThCS JOCTIIKEHHS TONBiMHOTO OeTa-po3many,
piakicHuX anbga- Ta Gera-po3majiB, MOUIYK TimoTe-
TUYHUX TPOLECIB Ta YaCTUHOK, PO3poOKa HU3BKO-
(hOHOBHUX METEKTOPIB I MOCHIIKEHHS PiAKICHUX
SICPHUX PO3MAIiB.

VYu4eni Bigginy npuiMaioTh y4acTh y Konadoparii
AMORE (Kopeiickka Pecrrybmika, Pocitickka ®Dene-
pamis, Ykpaina, Kuraiiceka Hapogna PecmyOmika i
OeneparnBHa PecnyOmika Himeuuwnn, BeO-callT
kojaOopartii:  http://q2c.snu.ac.ki/DBD/), wmeTor0

IIIOPIYHUK - 2010

AKOi € 3MIACHEHHS BEITMKOMACIITaA0HOTO EKCIIepH-
MEHTY 3 TIOITyKY O€3HEHTPUHHOTO oIBiitHOTO OeTa-
posmany sapa Mo 3a JOMOMOroi0 CHHHTHIAILII-
HUX KPUCTAJIiB MOJIIOAATY KaNBLIIO.

B pamkax komaGoparii EURECA (Bennka bpu-
tanis, Himeyunna, @panuis, [HIEPH, OIS/ dy6Ha,
Vkpaina, Icmanis; odiniiina ydacts, BimoOpaxkeHa
Ha caiiTi konaOoparii: http://www.eureca.ox.ac.uk/)
CITIBPOOITHUKY BIAMUTY BEIXyTh PO3POOKY Ta JOCIi-
JOKEHHSI psy MEPCHeKTHBHUX HAMPAMKIB, U MOX-
JUBOTO BUKOPUCTaHHS B E€KCIIEPUMEHTI CIIMHTHIIS-
mianx  kpuctanie  CaWQ,, ZnWO,; CaMoOQy,,
PbMOO4 Ta PbWO4

l'onoBHoto Metoro excrepumenty BOREXINO
(Itamis, Himeuunna, [lomsma, CILIA, ®panmis, Po-
cis, Ykpaina; ydacth IS]] BimoOpakeHa Ha caiTi
Konaboparii
http://borex.Ings.infn.it/pbook/Borexino_Collaborati
on.php) € BUMIipIOBaHHS MOTOKiB HelTpruHO Bix Co-
Hil. Kpim Toro, kosabopailiss BHKOPUCTOBYE YHIKa-
JBHUHA JETEKTOP JUTS JTOCTiKEHHS HEUTPUHHUX OC-
AN, TIONIYKY COHSIYHHUX aKCiOHIB, B €KCIIEpH-
MEHTI BIEpIle YIeBHEHO OyJIM 3apeecTpoBaHi aHTH-
HEUTpuHO 3 Hajxp 3eMii (Tak 3BaHi Te0-HEUTPUHO).

AKTHBHO TIPOZIOBXKYBaJIOCh MiXKHAPOJIHE CITiBPO-
OITHUIITBO Y Bi/IUTI ()i3MKN BUCOKHX CHEpPTiid, 30K-
peMa MpoAoBXKyBaJlach pob0Ta B paMKax yroau mpo
CHiBpOOITHHLITBO MiXK HaykoBUM IieHTpoM OPH
(Deutsches Elektronen-Synchrotron, DESY,
Hamburg) ta I HAHY B ramyssx ¢izuku eneme-
HTapHHUX YaCTHUHOK, (Pi3MKH NPUCKOPIOBadiB Ta BU-
KOPUCTaHHSI CHHXPOTPOHHOTO BUIIPOMIiHIOBaHHs. B
pamkax konabopauii ZEUS (DESY, Hamburg) Bu-
KOHAHO aHalli3 JaHuX IO IMO3UTPOH - MPOTOHHHUX
3iTkHeHHsIX Tpu eHeprii 310 ['eB.

3rimao 3 MeMopaHIyMOM B3a€EMOPO3YMiHB IIPO
crniBpoOiTHHLTBO B moOynoBi LHCb nerextopa mMix
511 HAHY Ta xoma6oparmiero LHCb (LIEPH, Xe-
HeBa, llIBeliniapis) Ha BETMKOMY aapOHHOMY KOJai-
Jepi 3 myykamu IpoToHiB npH eHeprii 7 TeB B exc-
nepumenti LHCb 3 Halikpamioio B CBiTI TOYHICTIO
cnextpomerpom LHCb BuMipsiHa BenwunHa ¢, da3u
nopyureHast CP- cumerpii.

VY 2011 poui ctBopena 3ycuwmuamu 1] HAHY
CHUCTEMa pajliallifHOTO MOHITOPHHTY €KCTIEPUMEHTY
LHCb 3a6e3meurmia BUMip 1034, ITOTJIHHEHOI BHYT-
pitHiM TpekepoM (100 - 400 I'p) ans iHTErpanbHOT
citumocti 1 $6'. OmuiHeni (uroeHC Ta 3pOCTaHHS
CTPYMy BHTOKY Yepe3 KpeMHi€BI ceHcopH. BukoHa-
HO chidbHUE ekcnepumeHT MI-1056 “Microstrip
Metal Detectors” Mo DOCIIIKEHHIO METAJIEBUX MiK-
POCTPIMOBUX AETEKTOPiB Ha €BPOIEHCHKOMY JIXKe-
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MDKHAPOJIHE CIIIBPOBITHUIITBO

peii CHHXpPOTPOHHOTO BHMpoMiHIoBaHHS (DpaHiris,
I'penoOnsb).

[IpoTsiroM poky MpoAOBKYBaJIOCH CHIBPOOITHHLI-
TBO BIIIUTY SACPHHUX PEAKIA 3 PAIOM HAYKOBHX
ycraHoB [ramii, Pecnyoniku Kasaxcran, Pocii, 30k-
pema:

3 O0’eqHaHUM [HCTUTYTOM SIEPHHUX OCIiIKEHB
(Ilyona, Pocis). B paMkax mporo criBpoOITHHIITBA
MIPOIOBXKYBAIUCH JTOCIIJIKEHHS] BIACTHBOCTEH JIer-
KHX HEUTPOHHO-HANIMIIKOBHUX SAEp B pPEaKIiax 3
BTOPUHHUMH ITy9KaMH, IPOIOBXKYBAIHNCH CIUIbHI
JOCHI/DKEHHSI CTPYKTYPH JIETKHX DPafioaKTHBHUX
snep, 30kpema ‘He ta °Li..

3 AT'T “Iucturyt spepHoi ¢izukn” PI'TI “Harrio-
HAJILHOTO sepHoro 1eHtpy PecmnyOmiku Kazax-
cran”. Y paMKax IIbOTO CHIiBpOOITHHLTBA: MPOJOB-
JKYBAJTUCS JTOCIIPKEHHSI PeaKIiid B3aeMOJii JIETKUX
sIep 3 TPUTIEBUMH MIIICHSIMH.

3 HayxoBo-gocmigaum [HcTHTYTOM simepHOi i-
3ukn MY (Mocksa, Pocis), e i3 3acTocyBaHHSAM
Cymnep MyJIbTHUIDIETHOI TMOTECHINIAIEHOT MOJIENi B3ae-
MOJIiT HaWJIErmmx KJIacTepiB BHKOHYBaBCS aHAINI3
nudepeHiianbHIX nepepisis peaxuiit d+>H.

Bimmin ¢i3ukn BaKKHUX 10HIB POIOBKHUB CITUTHHI
eKCIIEPUMEHTH Ta aHalli3 eKCIIePUMEHTaIbHHUX Ja-
HUX PO SACPHI MPoLecH 3

IncturyTom simeproi ¢izuku iM. HeBogHiuaHbC-
koro (Kpakis, ITomsia),

IacturyToM sanepHux npobiem im. A. Conrana
Ta naboparopis BaXKuX i0HIB BapmiaBcbkoro yHi-
BepcuteTy (Bapmaga, [Tomsia),

VuiBepcuretrom mraty ®nopuma (Tamraxacci,
CILIA).

Bimmin Teopii sapa B 2011 p. nmpomoBKyBaB Hay-
KOBE CITiBpOOITHHIITBO 3

[uknoTpoHHUM iHCTUTYTOM TexachbKoro yHiBep-
cutery, (Konemxk- Crefitien, Texac, CIIIA),

HamionanparM  1HCTUTYTOM  siiepHOi  (Di3HKH
(Pnopenuis, Iramis),

IncturyToM  smepHux  mpobGnem, (Bapiuaga,
[Tonpra),

VYuisepcuretom im. Jlyi Ilactepa, (CtpacOypr,
Opanuis).

VY Bigmini ¢izuku tBepmoro tima B 2011 p. mpo-
JIOBKYBAJIOCH CIIBPOOITHHUIITBO 3:

TEOPETUYHOTO JOCIHIPKEHHS CTPUOKOBOI PyXJIH-
BOCTI B HEYHOPSIKOBAHUX OPraHiYHUX HAIiBIPOBiJ-
HUKax TpW JOBUTBHIN KOHIIEHTpawii HOCIIB 3apsmy
Ta JOBUIBHUX eNEKTpUYHHX Toysix (YHIBepcHTET
Map0Oypra, Himeuuuna, npod. H. Béssler);

EKCIIEPUMEHTAJILHOTO Ta TEOPETHYHOI'O IOCIHif-
KEHHSI CTPHOKOBOTO TPAHCIOPTY B HEYMOPSAKOBA-
HUX OpPraHiYHMX HAamiBIPOBIAHUKAX NPH BEIUKUX
KOHIICHTpAIlisAX HOCIiB 3apsany (IHCTHTYT HamiBIpo-
BITHUKIB Ta (Di3UKH TBEPAOTO Tijia YHIBEPCUTETY
loranna Kemnepa, Jlinn, Asctpis, npod. H. Sitter).

OTtprMaHi eKCIepUMeHTaIbHI JaHi I PyXJIHBOCTI
3apsliB B MOJBOBUX TPAH3MCTOpax Ha OCHOBI He-
YHOPSIKOBAaHUX OPTaHIYHHUX HAMIBIPOBITHUKIB, IO
mo0pe y3roKYIOTRCS 3 pO3pPOOICHOI0 B BiIIUT i-
3WKH TBEPAOTO Tijla TEOPIEIO.

Pazom 3 llenTpoM Menn4HOI pafiamiiHol Qi3uku
YHiBepcuTeTy M BosloHTOHT (ABCTpallis) BHKOHAHO
MOJIETIIOBAaHHS BIATYKY KPEMHIEBOTO p-i-n Aiofia B
panianiifHoOMy TOJi MPOTOHHOTO MyYKa Ha OCi My4yKa
Ta 1Mo3a MOro MekaMu 3 BpaxXyBaHHSIM HEUTPOHHOI
KOMITOHCHTH.

Crin BiA3HAYUTH TUTIOHY MIKHApOIHY CHiBIpa-
IF0 BiAUTY TEOpiil SAEpHOTO CHHTE3Y B paMKax Ipo-
eKTY YKpaiHChbKOI'0 HayKOBO-TE€XHOJIOTTYHOIO LIEHT-
py “loHM BUCOKMX eHepriif y TOkaMakax Ta creyapa-
Topax: (i3uuHi MpoOJIeMH, AiarHOCTUKA Ta Harpi-
BaHHs Iua3Mu”’. JlaHMM TPOEKT BUKOHYETHCS B
nmapTHepcTBi 3 IHCTHTYTOM (i3mkm TUTazmMu Makca
[lnanka (Tapxinr, Himeuunmna) ta JlaGoparopicro
¢isukn  1asmMu  [I[pUHCTOHCHKOTO  YHIBEPCHUTETY
(CIILIA). BukoHaHO MOCIIIKEHHS MOXJIMBHX MeEXa-
HI3MIB BHHUKHEHHS alb(BEHIBCHKHX JIABHH Ta
CIPUYMHEHUX HUMHU BTpAT eHepriiHux ioHis. Ipo-
BEJCHO OOTOBOPEHHS EKCIIEPUMEHTAIbHUX CIIOCTe-
pexeHb amb()BEHIBCHKUX JIABUH Y CHepHUIHOMY TOPI
NSTX. CninbHO 3 HayKOBUSMH IHCTHTYTY (i3uKu
IUIA3MH BUKOHAHO PO3PaXyHKH ab()BEHOBUX BIlAC-
HUX MOjI y crenaparopax Wendelstein 7-AS Ta
Wendelstein 7-X. TTopiBHSHO MOXIIMBOCTI Pi3HHX
KOMIT FOTEPHUX KOJIB, IO ICHYIOTH JUIS Ii€i METH.
Crmin 3a3Ha4YUTH, MO0 CHIBPOOITHUKH BiIAUTYy 3airy-
yeHi 70 npoekty P4 Acomianii EURATOM/OEAW,
a Takox g0 npoekty «Integrated Modelling Project 5
(ITM IMPS5)», EFDA, Task Force on Integrated
Tokamak Modelling programme.

[TponoBxxyeThCs CHIBIpans 3 YHIBEPCUTETOM M.
IncOpyka ( ABctpis ) Ta 3 KamemchkuM HayKOBUM
neHTpoMm (AOGiHTHoH, Benuka bpuranist). Po3pobie-
HO YHCENFHHI METOJ Ta CTBOPEHO KOJ Ui po3pa-
XYHKY TNPOCTOPOBO-IIBUAKICHUX PO3MOILTIB BTpat
IIBUJIKKX 101B Ha TEPIIiil CTiHIII TOKaMaKa-peakTopa
JET.

CriBpoOiTHUKH BiIAiMy Teopii miasMu MpOAOB-
XKyBal nociimkeHHs mo mpoekty “Helicon Elec-
trodeless Advanced Thruster” cniibHO 3 ANOHCHKU-
MH Kojleramu 3 [HCTUTYTy KOCMIYHHX Ta acTpOHaB-
tnuHux Hayk (KanaraBa), Tokilicbkoro yHiBepcure-
Ty CUTBCBKOTO TOCIIOAAPCTBA 1 TEXHOJIOTIH, YHiBep-
curery Kiomy (dykyoka) Ta Tokaiicbkoro yHiBep-
curery (Kanarasa). Takox MpomoBKyBajloCh CIIiB-
POOITHUITBO 3 AOCHTIKEHHS BICTIEPOBHUX XOPIiB Y
MarHitocdepi 3emii 3 JlabopaTopiero ¢izuku i ximii
HaBKOJIO3EMHOTO TMpOCTOpy Ta kKocmocy (OpieaH,
Opanis).

Bignin mocmimauiiekoro peakropa BBP-M ycrmi-
IIHO MPOJAOBXKYBaB CHiBpoOIiTHULTBO 3 HamioHanb-
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HOI0O AMiHIcTparli€o saepHoi (izudyHOoi Oe3mekn
(MinicrepcrBo enepretuku CIIIA), sike cripsiMoBaHe
Ha TiJABUINEHHS OC3MEKU JOCHITHUIIBKUX PEaKTOPiB
Ta PO3pOOKN HOBUX THUIIIB PEAKTOPIB.

Y Bigaun 3aiACHIOBABCSA MpUiOM (haxiBIiB 13
CIIA, MATATE, ski 3amyd4eHi 1o npo0iem saepHoi
Oe3nexu. Y paMKax MiXKHApPOIHHX MPOEKTIB 0OTPYH-
ToBaHa Oe3leKka JOCTITHHUIBKOTO peakTropa BBP-M
Ta OJJHOYACHE BUKOPUCTAHHS BHCOKO- Ta HU3bK030a-
raueHoro nanuBa. Po3pobneHa i y3romxkena 3 [ep-
KaBHIUM KOMITETOM SJIEPHOTO PEryJIOBaHHS YKpai-
HU JIOKyMEHTAI[isl 110 BUBO3Y BiJIPallbOBAHOIO Ia-
nmBa 10 Pocii.

Crnig BiI3HAYUTH YCHINIHY MIKHAPOAHY MislTb-
HicTh L{eHTpy ekosoriuHux npobJieM aTOMHOT eHep-
TeTHKH 32 TAKUMH TPOCKTAMH Ta KOHTPAKTaMH:

BUPOOHHIITBO PaJiOaKTUBHUX 130TOMIB ISl Me-
JMUYHOTO BUKOPHCTAaHHS B YKpaiHi (MOOiNBHI reHe-
paTopn);

BXKUBaHHS 3axo0lliB 3 OOpOThOM 3 HE3aKOHHUM
MEPEMIIEHHSIM PalioaKTUBHUX PEUOBHH Ta SAEPHUX
Marepiais;

MiJBUIICHHS CIPOMOHOCTI aHami3y KoH(icKo-
BaHHX SICPHUX MaTepialliB Ta pagiOaKTUBHUX PeUo-
BuH B I/l HAH VYkpainn.

PoGora ykpaincekoro nentpy INIS, O6yna nanpa-
BJICHA Ha O3HAHOMIICHHSI MIXKHAPOAHOI CHITHHOTH 3
HAalHOBIMMMH poOOTaMH YKpaiHCBKMX BYEHHX 3
SJIEPHOT TeMaTUKHU. Ba)KIMBOIO MUISHKOIO poOOTH €
HagaHHs iH(opmamii INIS wmaykoBusm [51]] HAH
Ykpaiau Ta iHIUX OpraHi3aIlii, a TaKoX aHaji3 el
iHpopmauii, BBeAeHHs iH(popMauii mpo pobotu 3
SJIEPHOT TEMAaTUKH, 110 OyJIM BUKOHAHI B YKpaiHi, 10
6asn ganmx INIS. 3a 3amuramu HaykoBiiB IS/ Ta
IHITUX OpTaHi3aiii 3milicHeno 26 momrykiB iHdop-
Marii INIS 3a 3amMoBIeHUMH TeMaMH 3 PaliOeKOJIO-
Tii, pamiOMOHITOPUHTY HABKOJUITHBEOTO CEPEIOBHU-
ma, Mirparii pagioHyKIiIiB, pamialiifHOTO MaTepia-
JIO3HABCTBAa Ta IHMMX. LleHTp mpuiiMaB aKTHUBHY
y4acTh B PO3IOBCIO/DKCHHI HAyKoBOi iH(opMarrii
INIS B Vkpaini (XPTI, incturytn HAHY, yHiBep-
CUTETH) Ta M03a MeXaMu Y KpaiHH.

[IponosxkeHo criBnpairto 3 JlepxaBHIM HAYKOBO-
IHKEHEPHHUM IIEHTPOM CHCTEM KOHTPOJIIO Ta aBapiii-
Horo pearyBanus, TOB «Exonoriuamii ambsHCY,
XapkiB, HHIL[ «XapkiBcbkuil (i3uKO-TEXHIUHUHA
iHCTHTYT» Ta KuiBchkum J[lepkaBHUM YHiBepcHUTE-
toM im.. T.I'. llleBueHka 3 mUTaHb MEPETISITY, TEMa-
TUYHOT'O aHalizy HaykoBoi iHpopmauii ais 0a3u
Janux INIS Tta i moganpmoro Bukopuctanusa. Ha
3aMOBJICHHS IEHTP HEOJHOPa30BO HAJCHIIAB KEpiB-
Hukam neHTpiB INIS y Bpasunii, Kanani ta Pocii
ITOBHI TEKCTH MyOMiKaIlii yKpalHCHKUX BYCHUX.

Hapuansauii 1eHTp 3 Qi3uIHOr0 3aXUCTy, 0OJIKY
Ta KOHTPOJIIO sepHOro Marepiany im. J[x. Ky3smuua
16 HaBUaNBbHUX KYPCiB 3 (Gi3UYHOTO 3aXUCTY, OOTIKY

[IOPIYHUK - 2011

Ta KOHTPOJIIO sfepHUX MmarepiamiB. 3a 2011 pik y
HapuansHomy nenTpi npoiuy HaBuaHHs 530 ocil.

HaByansHum nieHTpoM OynM BHKOHaHI poOOTH 3
MiATOTOBKH Ta TMPOBEACHHS 9-1 yKpalHChKOT1 KOH(e-
peHuii 3 ¢i3UYHOro 3aXUCTY, OOJIKY Ta KOHTPOJIIO
SAJIEPHUX MaTepiaiB, 0 MpoBoaMIack Ha 0a3i FOx-
HO-YKkpaiacekoi AEC 4-10 Bepecus 2011 p. Y koH-
(epeHmii Opanu ydactb yKpaiHCBKI QaxiBmi 3 ¢i3u-
YHOT'O 3aXHCTy, OONIKYy Ta KOHTPOJIO SIIEPHOTO Ma-
tepiamy, ¢axismi Ilsemii, CILIA, bimopyci, Jlutsu,
Pociiicbkoi ®eneparnii, Y30exucrany, MAT'ATE,
€BpONecHKOro CiBTOBAPUCTBA.

HaykoBuii LieHTp BUKOHY€ POOOTH 3a IOrOBOpa-
Mu 3 Hamionanpaumu nabopaTopisMu MiHeHepro
CIIA, a came: 3 Tuxookeancrkoro IliBHIYHO-
3axignoro Jlaboparopiero, AproHcbkoro J1aboparo-
pieto, Oak-Pimkckoro mabopaTopieto.

25-26 xoBtHs 2011 poky B M. KueBi BinOynacs
VYkpainceka koHMepeHis 3 $i3uKy IIa3MHu Ta Kepo-
BAaHOTO TEPMOSAEPHOTO CHHTE3Yy. MeToro i€l KOH-
(depennii Oyyo MiAOUTTS MIACYMKIB JOCHIIKCHb B
VYkpaini B ramys3i ¢i3UKd IUIa3MH Ta KEPOBAHOTO
TEPMOSIICPHOTO CUHTE3Y 3a PIK, a TAKOXK KOOPIHHA-
i mux gociimkenb. KordepeHmiro Oyae nposene-
HO Ha 0a3i [HcTuTyTy snepHux mocnimkens HAHY
(A1) mpu cripustaHi [HCTUTYTY TeopeTHIHOI (Bi3uKu
iMm. M.M. boromo6osa HAHY (IT®). Iliero xoHbe-
peHuiero Oyno TPOIOBXKEHO cepito KOH(epeHIil,
3amouyatkoBany B Kuesi [IS[] — 1992 p.] i mponos-
keHy B XapkoBi, AmymTi Ta Knesi.

Ha xondepentiii Oysio npencraBieHo 76 IOMOBI-
neii. Ha gotuprox cekimisix Oyio BUTOJIOIMIEHO 25
yCHUX momoBineld. Pemry, 51 momoBink, Oyio mpen-
CTaBJICHO Ha CTEHJIaX.

27 -28 xoBtHs B A1 HAHY Oyna mpoBeneHa
Hapajga  MibkHapomHoi  komaOoparii  AMoRE
(Advanced Molybdenum based Rare process
Experiment, BeO-caliT KoJabopartii:
http://q2c.snu.ac.kr/DBD/).  KomaGopamis  Oyia
yTBOpeHa y oBTHI 2009 poKy, cTaHOM Ha KOBTCHb
2011 poky no i ckinagy BXOASTh 72 y4eHUX 3 9-TH
iHcTUTYTiB 5-TM Kpain: Kopeiickkoi PecmyOmikwy,
Pociticexoi ®enpepanii, Ykpainu, Kuraiicekoi Ha-
pomHoi PecnyOmiku i ®epepatuBHOi Pecmybmiku
Himewyunnan.

MerToto konaboparlii € 37iiCHeHHST BEIMKOMACIII-
TaOHOTO EKCIIEPUMEHTY 3 MOIIYKY Oe3HEUTPUHHOTO
nojiBiliHOr0 Gera-posmagy supa Mo 3a ZOIOMO-
rOI0 CHMHTWIMIHHUX KPUCTATIB MOINIONATy Kallb-
uito (CaMoQy). Anpo "“Mo € omuuM 3 Haii6imbLI
MEPCIIEKTUBHUX 00’ €KTIB JJIS JOCHIKEHb IIPUPOIN
HeUTpuHO (dactuHka Maitopanu un Jlipaka), BuMi-
PIOBaHHS MacH 1 BCTAHOBJICHHSI CXEMH MaCOBHX CTa-
HiB HEHTPHUHO, MEPEBIPKU 3aKOHY 30€peKeHHS JIeT-
TOHHOTO YHCJIA, TTOMIYKY €(eKTiB 3a MeKaMU CTaH-
JapTHOI MOJEIi YaCTHHOK.
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MDKHAPOJIHE CIIIBPOBITHUIITBO

Y Hapazi, KpiM CHIBPOOITHUKIB Bigalry (i3uku
nentoHiB IAJ] HAHY, ski € unenamu komaboparii
(ycvoro 10 cmiBpoOiTHHKIB), NPUUHSIN Yy4acTb 5
yuenux 3 Kopeticbkoi Pecry6miku, 4 3 Pociiichkol
(beneparii, Ykpainu i 1 3 denepaturHoi PecryOiiku
Himewyunnu. Bymo mnpexacraBiaeno 16 momoBizaei,
IIPOBEJICHO JIBa 3aralbHUX OOTOBOPEHHS.

IIpotsrom 2011 p. OGymo 3miticueno 127 3akop-
JOHHUX BIAPS/DKEHb, 13 HUX 68 — Ui BUKOHAHHS
HayKoBOi poboTH, 20 — Ha craxyBaHHS Ta 39 — s
y4acTi y poOOTi Mi’KHapOIHUX KOH(EPEHINH, CUM-
Mo3iyMiB, Hapaj,.

[potsrom 2011 p. B I HAH VYkpainu Oyno
npuitHATO 107 1HO3EMHUX BUEHUX Ta CIIELIANICTIB i3
CIIA, Ascrpii, Himeuunnu, BenukoOpuranii, ITamii
Momemii, Yexii, Kopei, BkIItoyaroun y4acHUKIB MiX-
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HapoIHOMX KOH(pepeHIliid, ceMiHapiB, Hapam. 3 HHX,
48 0ci0 - yyaCHUKH MIKHAPOIHHMX 3aXOJIiB, 110 OyJIn
MpOBe/IeHI Ha 0a3i IHCTUTYTY.

[IpoTsirom poKy IHCTUTYTOM MiATPUMYBAJIHCH
perysipHi 38’513k 3 MAT'ATE 3 moToyHMX NMUTaHb.
Jlo 1HCTHTYTYy peryjisipHO WPHUI3IWIH EKCIEPTH
MAT'ATE 3 MeToro IpOoBeICHHS TOTOYHOI 1HCIIEKITi i
JIOCITiTHUIIEKOTO peakTopa BBP-M Ta mepeBipku
CTaHy 30€peKCHHS BIAMPAI[bOBAHOTO SJICPHOTO Ia-
JTUBa Ta HaJaHHA 1H(OPMAIIHOI JOMMOMOTH IIOIO
Oesmeunoi ekcruryartarii peakropa. ¥ 2011 pori Oy-
1o npuiinsaTo 4 neneraniii MAT'ATE ( iHcnekTopu
Ta MDKHAPOAHI EKCIIEPTH).

IHCTUTYT AJEPHUX JOCJIIKEHb HAH YKPATHU



Ho 90-piuus 3 aHa HapoaxeHHa A.Z. JlybueHka

27 xoBtHs 2011 p. BunoBHMUIOCHE 90 POKiB 3 AHA
HapOJUKEHHS BWAATHOTO yKpaiHCbKOro ¢i3uka-
TeopeTuKa, Jaypeara JIeHIHCHKOI mpeMii, mpodeco-
pa JlyOuenka Amngpis @emopoBmua (1921 -
1977 pp.), skuii mpaioBaB B I[HCTHTYTI sSmepHHX
nocimimkedb HAH VYxkpaian B 1971 — 1977 pp. Ha
Mocai 3aBiyl04Y0ro BiIIIIOM TEOPETHYHOT (Pi3UKH.

Anppit  ®enopouy  JlyGueHko HapoIuBCs
27 xoBTHA 1921 p. Ha xyTopi JIomakiBCbKOMY Te-
nep Mupropozacekoro paiiony IlonraBcekoi o0macTi.
ByB yuacHukom apyroi ceitoBoi BiiiHU. [licms ne-
MoOuTi3aIlii BCTymuB 70 JIBBIBCHKOTO YHIBEPCHTETY
iM. I. ®panka, skuil 3aKiHUUB 3 BiI3HaKoW y 1951 p.
Sk onmHOTO 3 HAW3MIOHIMIMX BUIYCKHHUKIB HOTO Ha-
MIPaBJIAIOTE A0 acmipantypu lHctutyty ¢izuku AH
Vxpainu. Tyt Auapiit @enopoBud po3nodas Teope-
TUYHI JOCTIIKCHHSI MOJIEKYJSIPHUX KPUCTAJIB Mif
kepiBaunTBOoM O.C. JlaBuoBa.

Y 1954 p. A.®. JIyOueHKo yCIINTHO 3aXHINae Ka-
HIUIATChKY AMcepTaunito ,,JlocmimpkeHHs 3 Teopil
CHEKTpiB MOTJIMHAHHS Ta JIFOMiHECIEHIIi1 PO3UNHIB 1
MOJICKYJIIPHUX KPHUCTAJIB”, TICISI 9OTO e 3 OuTb-
IIOI0 CHEPTi€I0 MOPHHAE Y TEOPETUYHI PO3PAXyHKH,
HaMaraeThCsl JOBECTH iX O TakOro piBHS, MO0 MO-
JKHa OyJI0 3iCTaBIATH 3 KUIBKICHUMH pe3yJbTaTaMu
EKCIIEpUMEHTAILHIX BUMIipPIOBaHb.

VY 1956 p. 3acHOBaHO ,,YKpaiHCHKUHA (i3UUHUI
xypHai”. Auapiit @enopoBud Oepe aKTUBHY y4acTh
y #oro ¢Qynmamii. Sk BigMOBimaNbHWN ceKpeTap
penakuiiiHoi Koserii BUKOHYE BeJIWYe3Hy OpraHiza-
TOPCBKY Ta PEJAKTOPCHKY POOOTY.

Yxe B 1959 p. A.®. JlyOueHKO 3armo4aTKOBYE
HIMPOKI TEOPETHYHI JOCITI[PKEHHS PE30HAHCHOTO
BUITPOMIHIOBAaHHS, MOTJIMHAHHS 1 PO3CISIHHS ramMma-
KBaHTIB AApaMHU iJcaIbHUX Ta HeileaTbHUX KPUCTa-
miB. 3a pe3yiabTaTaMH  BKa3aHWX JIOCIHIKCHBb
A.®. Jlybuenko y BepecHi 1963 p. Oiuckyue 3axu-
IIae JOKTOPChKY AMCEepTalilo Ha Temy: ,Jlocmi-
JOKeHHS 3 Teopil (oTomepexoniB y AOMINIKOBHX
LEHTpaxX 1 sapax TBEPAOro Tiia”. 3aXWIIarTh KaH-
JMIATChKI AUCePTallii HOro mepiii y4Hi.

3 1966 o 1971 pp. A.®. JlyGueHKo mpamroBaB y
CTBOpPEHOMY ToAiI I[HCTHUTYTI TeopeTHuyHOi (i3uKH
AH Vxpainn. OpHowacHO 3 poOOTOI0 B iHCTHTYTI
BHKOHYE IearoriyHy po0oty sk mpodecop kaden-
pu TeopernuHoi ¢izuku KwuiBcbkoro nepx»aBHOTO
YHIBEPCUTETY, JE YUTAE KypC ,,1€opis TBEpPIOro
Tija” Ta psAJ CIEeUKYPCiB.

IOPIYHUK - 2011

Y 1970 p. A.®. JlyOueHko BUIA€ MEPLIUH TOM
MoHorpagii ,,OnTHYHI BIACTUBOCTI TOMILIKOBUX
1neHTpiB” oOcsiroMm 241 crop.

VY 1971 p. A.®. JIy04eHKO TIEPEXOAUTh IPAIIO-
Batu 10 [HCTUTYTY simepHuX nociimkeds AH Ykpa-
fan. 3a wicte pokiB mpaui B S]] AH VYkpainu
npod. A.®. JlyOueHKo 3amodaTKyBaB HOBI ITUKITH
JOCII/PKEHb: PO3PaxyHOK €HEprii yTBOPEHHS BaKaH-
ciif Ta mucnokauii, jazepHa GOTOCTUMYIIbOBAHA -
(y3is y HaIiBIIPOBITHUKAX 1 JiENEKTPUKAX, TEOpis
(hOoTOCTHMYITFOBAHOTO JIETYBaHHS MaTepiaiB.

[Tig #oro KepiBHUIITBOM BUKOHAHO JTOCIIIKEHHS
3 KBAHTOBOI TeOpii ONTHYHUX Ta AUPY3IHHAX SIBHUII
y TBepaux Tinax. [ocmimkeHo gopmy cMyr moriu-
HaHHSA CBITJIa MOJIEKYJISIPHUMH KpHUCTalaMH TpH
MDK30HHHX Iepexojax, (opMy KPHUBHX ONTHYHOL
AKTHBHOCTI Ta KpPYrOBOTO JHUXPOi3My JOKAIBHUX
LEHTPIB, BIUIUB MOCTYNOBOI Ta 00epToBOoi Audy3ii B
pianHax enincoiganbHUX OpOYHIBCBKMX YacTHHOK,
0 MICTSTh TaMMa-paaiOakTHBHI f1pa, Ha (opmy
MecbhayepiBcbkux JiHiHA. Teopernuno mependaveHo
epekT mpuckopeHHs AuDy3ii JIETKHX TOMILIOK Y
HaITiBIPOBITHUKAX TPH OMPOMIHEHHI PE30HAHCHUM
Ja3epHUM IPOMEHEM.

Mowuorpadis npod. A.®. Jlyduenka ,,KBantosi
Nepexoan y AOMIIIKOBUX ILEHTpax TBEPAMX Til~
mobaymia CBIT y BHIAaBHUITBI ,,HaykoBa mymka”
(1978 p., 294 c.) xonu aBTOpa Bke He Oyio. Bin
nomep 26 nucronanga 1977 p., HioMy He BUIIOBHMJIO-
c1 ¥ 60-tm. MaB BenWKi HayKOBI IUIaHU, IIJICKaB
HAyKOBY IIKOJY, 3JIMIINB HE3aBEPIICHI Mpalli.
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