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IED-2021 IEP-2021

HEPE/IMOBA

CTpiMKUN PO3BUTOK TEXHOJIOTIN CIIPHUYMHSE MIBUAKI 3MIHU y HAIIOMY JKHTTI,
OPUYOMY TEMIT IIUX 3MiH MOCTIHHO MPUCKOPIOETHCS. OCHOBHOIO PYIIIHHOIO CHIIOIO
TaKOro MPOTPECy € HAYKOBI JOCATHEHHS, BAXJIMBICTh SIKUX Ha TJII KOPOHABIPYCHOI
nmaHjeMii B OCTaHHI JIBa POKM HaOyJjia 30BCIM I1HIIIOTO PO3YMIHHS Y CYCHLJIbCTBI.
3apa3, K HIKOJIM, NPUUIIIO YCBIJOMIIEHHS TOTO, 10 0€3 HAayKu MM Oe3mnopaiHi, a
TOMY HaMOUIBINY IIHHICTH MAa€ BUCOKHH pIBEHb 1HTEIEKTY Ta ()axoBOi MiJATOTOBKH,
Mpare3aTHICTh Ta CYMJIIHHICTh HAyKOBOI CIUIbHOTH. He3Baxkatoun Ha OGaratopivi
TPYJHOII ¥ MEpelmKoau, yKpaiHChKa HayKa, 110 TPUMAEThCA 3HAYHOIO MIpOI0 Ha
EHTy31acTaX, y MepeBaXHIW KUIBKOCTI rajay3eid MpOJOBXKY€E TiIHO KOHKYPYBaTH 3
MPOBITHUMH 3aKOPJOHHUMH HAayKOBUMHU Jaboparopismu. Hampukian, aBTOPUTETHI
no3uIlli YKpaiHu B rany3l (i3MKH BU3HAIOTHCS CBITOBOIO HAyKOBOKO CHIJIBHOTOIO.
CBoe rigHe miciie y 6araTb0X MO3MINIAX 3aiiMa€e ¥ €IMHA Ha 3aKapmaTTi aKajJeMidHa
yctaHoBa — IHctutyTt enexktponHoi ¢izuku HAH Vkpainu. Ile mpoBigHa HaykoBa
YCTaHOBA, B K1/ MPOBOASTHCS HAYKOBI JOCHIIKEHHS 3 aKTyaJbHUX MPoOJeM (Pi3uKu
(OTOHHMX, EJIEKTPOHHUX, 10HHUX Ta AaTOMHHUX 31TKHEHb, HHU3bKOCHEPre€TUYHOI
sepHoi (GI3UKH, pagialliiHOl 1 TEXHOT€HHO-€KOJIOTTYHOI Oe3neku, (hi3uKOo-XIMITHUX
OCHOB 1 TEXHOJIOTII OTpUMaHHS, OOpOOJICHHsSI Ta 3aCTOCYBAaHHS MaKpOCKOIIYHUX 1
ME30CKOITIYHUX KPUCTATIB, TUTIBOK Ta CKJIOMOAIOHNX MaTepiatiB.

PesynbraTi JqOCHIIKEHBb CHIBPOOITHHKIB 1HCTHUTYTY OTpPUMald BU3HAHHS
HayKOBOi TPOMaJCbKOCTI YKpaiHu, OaraThboxX 3apyOiKHMX YCTAHOB 1 BUEHUX Ta
BiJI3HAYEeH1 YoTUpMa [lepkaBHUMH MpeMisiMu YKpaiHU y Tany3l HAyKH 1 TEXHIKHU (3
aToMHOI i3ukHu; saepHOi (i3uKM; XiMii, TeXHOJOrii 1 MaTepiaJio3HABCTBA,
HAaHOCTPYKTYp) Ta udotupMma npemismu HAH VYkpainu iMeHi BUIATHHX Y4YEHHX
(K. A. CunennpaukoBa (1994 p.), B.€. Jlamkaprsosa (2001 p.), 1. ITymros (2002 p. Ta
2011 p.). lopoky poGoTa TphOX MOJOAUX YyUYEHHX I[HCTUTYTYy MIATPUMYETHCS
cruniennisimu Ilpesunenta Ykpainu ta HAH Vkpaiau. [Ipotsirom 6aratbox pokiB
HaIllll MOJIOJII HAYKOBIIl BUTPAIOTh TPAHTU JUIS MIATPUMKHA HAYKOBUX JIOCIIKECHB,
cratoth Jaypearamu npemiii HAH VYkpainu, BepxoBuoi Pagm VYikpainum nns
MoJIouX ydeHuX. [IpmeMHO 3a3HAUMTH, IO MOJIOAI BUCHI — BUXOBaHIl [HCTUTYTY
enekTpoHHol ¢i3uku HAH VYkpainu — ycmimHo npencTaBisiioTh YKpaiHChbKy HAayKy
3a KOpJOHOM, TMpalo4Yd Yy MPOBIIHUX HaykKoBuX 3aknanax @Opanmii, Iramii,
Himeuunnn, [lanii, Yexii, Yropmwuau, CIHIA 1 pa3oM 3 TUM NOPOJOBKYIOThH
CHIBMpaIoBaTH 3 pigHUM 1HCTUTYTOM. lle, 30kpema, moktopu ¢imocodii Bitamii
®etiep, Oxcana Ilnekan, Arrina Hemer, €8ren OBuapenko, Bonogumup Maciok,
Jmutpo Cumouko, [langop Hdemer.
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BaxxnuBuM 11t Mosoai Oyno 1 3aiMIIAeThCsA MpoBeAeHHs Ha 0a3l [HcTuTyTy
eNeKTpoHHOT (i3uku BHponoBk 20 pokiB MikHapoaHOI KOHGEpeHIi MOJIOoANX
ydueHux Ta acmipanTiB «[E®Dy, sika BUKIMKaE *KBaBUIl 1IHTEpeC y HaAyKOBOI MOJO/II
PI3HUX HAyYKOBUX yCTaHOB YKpainu Ta 3apyOixoks. s HaykoBa koH(epeHiis cTana
OJIHIEIO 3 BAXKJIMBUX (OPM BHUCBITIICHHS MiJICYMKIB HAyKOBOi poOOTH, MOB’sI3aHOI 3
MPOBEJCHHSAM CTYyJEHTAaMH Ta acHipaHTaMU HAyKOBUX JOCIHIIXKEHb, MiATOTOBKOIO
MAariCTepchbKUx MPOEKTIB 1 aucepTami. Kpim Toro, BoHa € eekTHBHHUM 3aco00M
BUSIBY 0OO0JapOBaHOi MOJOi, peamizamii HaOyTuX HUMHU 3110HOCTEH, aKTHBi3aIlii
HaBYaJIHHO-T3HABAILHO1 AISUTBHOCTI, OOMIHY JTOCBIZIOM.
2628 TpaBHs 2021 poky B IHCTHTYTI MPOBOJAMTHUMETHCS HYEeprona
koH(pepenuis «IED-2021», mporo pasy B Aemo ocobauBiil ¢opmi y TOpPIBHSAHHI 3
nonepeaHiMu. OCKUIBKA BeCh CBIT 1€ H J0Cl OOpeTbcsi 3 KOPOHABIPYCHOIO
XBOpoOoro, mporopiu koHbpepeHiiio «IED-2021» Oyne mnpoBeaeHO B pexuMIi
onnaiH. [IpruemMHO 3a3HauNTH, 110 IIKaBICTh JO KOH(EPEHIIi BiJl I[LOTO HE 3racia, a
HaBIIAKH, PO3IIMpHUIIa reorpadito yyacHUKIB. sl ydacTi y HbOropiuHii KOH(eEpeHii
Oyno HamicmaHo 72 3asBku Big moHan 250 crmiBaBTOpiB 3 HAYKOBHUX YCTaHOB Ta
BUINMX HaBUYadbHUX 3akiaiB Kuesa, Xapkosa, /[Hinpa, JIbBoBa, Ykroposaa, a Takox
3 [Iparu, bpua (Yexis), Binparoca (JIutea), Pypki (Inmist), JeOpenena (YropiuHa),
Onixa, Hoptmynna, [llenedensaa (Himeuunna), Puma, Tpiecta, Accepaxki, MinaHa,
[Manyi (Itamis), Opce, Perna (®pannis), 'pama (ABcrpis), @imnirena (LLseimapis),
Aiinomunn  (Crnosenist), Ammana (Mopnamis), 3arpe6a (Xopsartis), Jligkxora
(BenukoOpuranist). Cyasiun 3 Te3, Kl HaQIMIUIA 10 OPrKOMITETY, B1IOYBa€ThCS
IHTEHCUBHUM MpoIeC MIXKHAPOJHOI Kojlabopailii 3a y4acTi MOJOJMX HAyKOBI[IB 3
HalaKTyaJbHIIIUX MPOOJIEM CydacHOi (PI3UKH 3 TAKUX HAYKOBHUX HAIPSMIB:
- @i3uKa eneKmpoHHUX | AMOMHUX 3IMKHEHb,
- elleMeHmapHi npoyecu y 1azepax i HU3bKOmemMnepamypHiu niasmi,
- CNeKmpOCKONisi amomie, MOaAeky1 (Y m. Y. OIiOMONeKyl), Kpucmanie i
He8NOpsI0KOBAHUX CUCEM,

- HAHOMEXHONO02Ii I HAHOCMPYKMYPU,

- MEeXHON02is 00EepHCAHHA, GIACMUBOCMI MA 3ACMOCYS8AHHA Mamepianie
@DYHKYIOHALHOI eleKMPOHIKU;

- s0epHa ¢hizuxa, padiayilina gizuka i s0epHa be3nexa, padioexKoois,

- meopemuyHa Qizuxa.

Bike pexiigbka pokKiB y paMKax KOH(epeHLIi MPOBOJAThCS MalcTep-KiIacu s
MOJIOJUX YYEHHMX, Ha SKHX 3aCIyXOBYIOThCSA JIEKIIi MPOBIAHUX BITYM3HSHUX Ta
3apyOiKHMX BueHuX. [lnsg ywacti B po6otri koHpepenuii «IED-2021» crikepamu
OrJISIAOBUX JIEKLIM 3 HaMaKTyaJbHINIMX HANpsAMIB HAayKH 1 TEXHIKH 3alpoIIeHO
MpOBIAHUX (DaxiBI[IB MOBaXXHUX HAYKOBHX ycTaHOB 3 KueBa, Yxkroponaa, a Takox 3
[Iparu, BinbHtoca ta Pypki.

Bapro 3azHaunTH, 1m0 y miAroToBIi Ta mpoBeaeHHI KoH(epeHuii «ED-2021»
BEJIMKY MIATPUMKY Hajnanu sk HamionanpHa akajaemis Hayk YKpaiHW, Tak 1
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NPEICTAaBHUKH OpPTaHiB JEp>KaBHOi Biaau Ta Oi3Hecy, ki 100pe po3yMiIOTh pPOJIb
MOJIOJIUX HAYKOBIIB Y PO3BUTKY Cy4YacCHOI HAIllOHAJIbHOI HAYKH, OCBITH, KYJIbTYpH,
CaMOCBIZIOMOCTI B CYMNEpPEWIMBUX Ta CKJIaJHUX yMOBaX €BPOMEHCHKOI IHTErparfii.
OprikomiteT KoH(epeHIiT BUCIOBIIOE Imupy BasuHiCTh [Ipe3umii HamioHamsHOT
akajeMmii Hayk Ykpainu, J[lemaprameHTy OCBITM 1 HayKH, MOJOJI Ta CIOPTY
oOnnepkaaMiHicTpalii  3akapraTcbkoi o0macti, OyaiBenpHIH  ¢ipmi  «Gazday
(Yxkropon), a TakoX yCiM, XTO B3SIB Y4acTh B OpraHi3ailii Ta mpoBeAeHHI KOHpEpeHIIi,
Ha/1aB JIOMIOMOTY 1 MIATPUMKY B MIATOTOBII IIHOTO BAXKJIMBOTO 3aX0TY.

Bin mwporo cepus Oaxairo BciM ydacHuKaM KoHgepeHuii «IED-2021»
JOCTOMHO TPEJCTaBUTH CBOI HAyKOBI 3M00YyTKH, HaJaroAWTH HOBI 3B’S3KH Ta
CTBOPHUTH TICHI HayKOBi Kojabopaiii, 3udy IIAHOI pOOOTH, MO3UTUBHUX BPAKECHbD,
HEBHUYEPIHOI €HEPrii Ta TBOPUYUX YCIIIXIB B 1M’ sl MIXKHAPOAHOI HAyKH.

Bikropiss Poman
roJiIoBa OpraHizaiiitHoro KOMITeTy,
KaHauaaT ¢i3.-MaT. HayK

OpranizauiiHuii Komirer IIporpamuuii Komirer
Tonoea opzkomimemy T'onosa npoepamnozo xkomimemy
k.¢.-m.1. B.I. Poman A.¢.-m.H. I''M. I'omonaii

3acmynnux 2o0108u
NPOSPAMHO20 KOMimemy
n.¢.-m.H. A.M. 3aBijiomy.io

3acmynnux 2onosu opekomimemy
K.¢.-m.H. O.M. Ilon

Cexpemap opekomimemy

o e Cexpemap npocpamHo2o Komimem
€.B. OJeiinikoB P P 1pocp Y

0O.B. Bacuianes

Unenu npoepamuoco komimemy
n.¢.-m.H. O.B. CHirypcebkmii (Ykpaina)
n.¢.-m.H. O.B. I'omonnaii (Ykpaina)
k.¢.-mH. 0.0. Ilapaar a1.¢.-m.H. B.T. Macawok (Ykpaina)
K.¢.-m.H. T.FO. Ilomax 1.¢.-m.H. €.FO. Pemera (Ykpaina)
k.T.H. H.I CBatiok n.¢.-m.H. FO.M. AskHiok (YkpaiHa)
A.M. Mummko npod. I. ®adpuxant (CILIA)
A.L byarakosa np. B. Honayckac (JTutga)
L.IO. Momkona K.p.-m.H. B. ®@eep (ITamis)
K.p.-M.H. A. HemeTt (YropiiuHa)
K.p.-m.H. O. I[lnekan (ITamis)

Unenu opexomimemy
K.p.-m.H. O.1. I'omonaii
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PREFACE

Bustling development of technology leads to rapid changes in our life
accelerating with ever increasing speed. This progress is mainly driven by scientific
achievements, the importance of which is understood much deeper by the society in
the current time of the coronavirus pandemic. More than ever before, today we
realize how helpless mankind is without science and that is why high intellectual and
professional level as well as work qualification and conscientiousness of the scientific
community are so much appreciated. In spite of long-time problems and obstacles,
Ukrainian science, driven to a great extent by enthusiasts, continues to compete with
leading world scientific laboratories. For example, achievements of Ukrainian
physicists are highly recognized by the world scientific community. A decent place in
many positions belongs to the only academic institution in Transcarpathia — Institute
of Electron Physics of the National Academy of Sciences of Ukraine. Here we
perform research in current problems of physics of photon, electron, ionic, and
atomic collisions, low-energy nuclear physics, radiation- and technology-related
environmental safety, physical and chemical fundamentals and technology of
fabrication, processing, and application of macroscopic and mesoscopic crystals as
well as films and glasses.

The results of the research performed in the institute are recognized by the
Ukrainian scientific community, many foreign institutions and researchers. The
employees of the institute have been awarded four State Prizes of Ukraine in
Science and Technology (in the fields of atomic physics, nuclear physics, chemistry
and materials science, and nanostructures) and four prizes of the National Academy
of Sciences of Ukraine: the Synelnykov Prize (1994), the Lashkaryov Prize (2001),
and the Pului Prize (2002 and 2011). Each year three young scientists of the
institute are supported by scholarships of the President of Ukraine and of the
National Academy of Sciences of Ukraine. For many years our young researchers
have been winning scientific grant competitions and awards of the National Academy
of Sciences of Ukraine and the Supreme Council of Ukraine for young scientists. It
iIs my pleasure to note that the alumni of the Institute of Electron Physics
successfully represent Ukrainian science abroad, working in top research
institutions of France, Italy, Germany, Denmark, Czechia, Hungary, the USA and
simultaneously continuing to collaborate with their home institute. This concerns, in
particular, Dr. Vitaliy Feyer, Dr. Oksana Plekan, Dr. Attila Nemeth, Dr. Yevhen
Ovcharenko, Dr. Volodymyr Maslyuk, Dr. Dmytro Symochko, and Dr. Sandor
Demes.

An important event for the institute is International Conference of Young
Scientists and Post-Graduate Students which is being held here for 20 years and
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causes stirring interest among the Ukrainian and foreign young researchers. This
conference has become an important forum to present the results of research
performed by students challenging for their M.Sc. and Ph.D. degrees. Besides, it is
an efficient way to reveal gifted young people, to let them share their results and
exchange experience.

On the 26-28 May 2021 the institute will host the IEP-2021 conference, this
time in a specific way, different from the preceding ones. As the world is still
struggling against the coronavirus disease, the IEP-2021 conference will be held
online. It is a pleasure to note that this did not reduce the interest towards the
conference, but, on the contrary, extended the geography of participants. The
organizers received 72 applications for participation in the conference from over
250 co-authors from scientific institutions and universities of Kyiv, Kharkiv,
Dnipro, Lviv, Uzhhorod as well as Prague and Brno (the Czech Republic), Vilnius
(Lithuania), Roorkee (India), Debrecen (Hungary), Jilich, Dortmund, and
Schenefeld (Germany), Rome, Trieste, Assergi, Milan, and Padova (ltaly), Orsay
and Rennes (France), Graz (Austria), Villigen (Switzerland), Ajdov§cina (Slovenia),
Amman (Jordan), Zagreb (Croatia), Didcot (Great Britain). As follows from the
abstracts, young researchers participate in intense international collaboration in
current problems of the following topics of modern physics:

- physics of electron and atomic collisions,

- elementary processes in lasers and low-temperature plasma,

- spectroscopy of atoms, molecules (including biomolecules), crystals, and

disordered systems,

- nanotechnology and nanostructures,

- technology, properties, and applications of materials for functional

electronics,

- nuclear physics, radiation physics, nuclear safety, radioecology,

- theoretical physics.

In the recent years the programme of our conferences includes invited lectures
of renowned Ukrainian and foreign scientists. At the IEP-2021 conference, invited
lectures in current problems of science and technology will be given by leading
researchers from Kyiv and Uzhhorod as well as Prague, Vilnius, and Roorkee.

It is worth notice that valuable support for the preparation and organizing the
IEP-2021 conference was provided by the the National Academy of Sciences of
Ukraine as well as representatives of regional authorities and business who are well
aware of the role of young scientists in the development of modern national science,
culture, and identity in complex and contradictory circumstances of European
integration. The Organizing Committee expresses our deep gratitude to the Presidium
of the National Academy of Sciences of Ukraine, to the Department for Education
Science, Youth, and Sports of Transcarpathian Regional Administration, to Gazda
corporation (Uzhhorod) as well as to all those people who participated in the
preparation and organizing the IEP-2021 conference, provided assistance and support
in its preparation.
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Chair of the Organizing Committee
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THEORETICAL STUDY OF ELECTRON-IMPACT IONIZATION
IN ATOMS AND IONS

V.Jonauskas, A.Kynien¢, S.Masys, S.Kuéas

Institute of Theoretical Physics and Astronomy, Vilnius University, Vilnius, Lithuania
e-mail: valdas.jonauskas@tfai.vu.lt

The fourth state of matter attracts considerable interest since the development
of thermonuclear fusion research. The properties of plasma are mainly defined by its
atomic constituents and interaction among them. The better knowledge of the
underlying atomic collisional processes is an urgent necessity. Relative intensities of
emission lines in the plasma spectra depend on the charge state distribution.
Recombination and ionization processes determine charge state distribution in the
collisional plasma. Electron impact ionization is one of the fundamental processes
that define the interaction of the electrons with matter. The exterior complex scaling
[1], convergent close coupling [2], R-matrix with pseudo-states [3], and time-
dependent close-coupling [4] methods have been developed to investigate the
electron-impact single ionization. However, such studies are often limited to the
simple atomic systems and are time consuming or even beyond the capabilities of
available computational resources. On the other hand, the studies using the distorted
wave (DW) approximation provide reliable data for many ions. Previous calculations
using the configuration average DW method demonstrated good agreement with
experimental data [5, 6, 7]. Level-to-level study is required when the excited
configurations produced by the electron impact have energy levels that straddle the
single ionization threshold. Furthermore, the ionization cross sections can strongly
depend on the level of the initial configuration [8].

We will review the main topics that are important in the theoretical studies of
the electron-impact single ionization.

Single ionization by electron impact includes direct and indirect processes:

0,(8) = aB() + ) oBC (B, @
k

where JﬂI(EJ is the direct ionization (DI) cross section at electron energy €, 0E<€ is

the electron-impact excitation cross section, and the branching ratio is defined by the
expression:
B;{j: ﬁj+zn AEHBH_]' . (2)
Zmﬂﬁm + E]‘! AEH
k; and Ay is Auger and radiative transition probabilities, respectively. The second
term in the numerator defines the decay to the final level j through the intermediate
levels n reached by the radiative transition from the initial excited level k. This

higher-order term is often not included in the calculations since its full treatment
would drastically increase the computational effort.
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It is well known that the DW approximation often overestimates the single-
lonization cross sections for neutral atoms and near neutral ions. Previously, the
binary-encounter-dipole (BED) and binary-encounter-Bethe (BEB) models were
developed for the direct process to deal with these ionization stages [9]. These
models, with the scaled plane-wave-Born cross sections, demonstrated a good
agreement with experimental data [10, 11]. It was suggested to use the scaled DW
cross sections for the atoms and low-ionization ions [12]. The scaled DW cross
sections for the collisional ionization are expressed by the following equation:

0B (&) = ——=B(e), ©

where I is the ionization energy. The scaled cross sections for the electron-impact
excitation are expressed by the following equation [12, 13]
£
C= EXC

£)= a. £),

(£) e+ AE, +¢&, ¥ (£) 4)
where £ is a binding energy of the electron, AE;; is a transition energy. Thus, all
DW cross sections calculated for electron-impact excitation are scaled.

4 L — | T T T
W27+

Cross section (107'° cm?)

. 1OIOO . . . — 1.0000
Electron energy (eV)
Fig. 1. Accumulated cross sections of the EA channels contributing to the
ionization from the ground level of W27*_ The EA channels correspond to
excitations to shells with a different principal quantum number.

Study of the excitation-autoionization (EA) process has to ensure convergence
for the cross sections of excitation by electron impact. It was demonstrated for
tungsten ions with the open 4f subshell in the ground configuration that the
excitations up to shells with the principal quantum number n = 40 have to be
investigated to provide the reliable data for the electron-impact ionization cross
sections. In addition, a dominating contribution from the excitations to shells with
orbital quantum number [ = 3 appeared on the scene. It should be noted that the
excitations to the I = 3 orbital were insignificant for the lower ionization stages of
tungsten: W** - W** [5, 14]. Figure 1 demonstrates that the high-n excitations are
important for the EA process in the W27* ion. The excitations to shells with
9 < n < 40 contribute ~50% to the indirect ionization.
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The produced configurations in the direct process of electron impact ionization
with energy levels above the double ionization threshold often can decay to the next
ionization stage leading to the double ionization. The branching ratios define what
part of population is transferred to the next ionization stage from the autoionizing
configurations. What is more, the configurations produced by electron impact
excitation above the double ionization threshold require a separate analysis since not
all population from these configurations reaches the states of the doubly ionized ions.
Studies for the Fe®* ion demonstrated that these configurations can contribute to
single ionization process [15]. The Fe®* 2p>3s?3p°®3d configuration corresponding
to the strongest excitation from the 2p subshell reaches only the states of the Fe®* ion
through Auger transitions.

Interaction of electron with an ion can lead to capture of the electron with an
excitation of the bound electron producing an atomic system in the lower ionization
stage compared to the initial one. The formed autoionizing configuration can decay
through Auger cascade to states of the next ionization stage compared to the initial
one leading to the single ionization process. Figure 2 shows contribution of the
resonant excitation double autoionization (REDA) process to the single ionization
cross sections for the Sn** ion. The REDA contribution provides good agreement
with measurements at the low collisional energies.

The scaled DW cross sections are compared to the DW ones and measurements
for the carbon atom in Fig. 3. Good agreement with measurements is obtained for the
scaled data. The unscaled DW cross sections overestimate the measurements over the
entire energy range. Furthermore, the peaks of the unscaled cross sections shift to the
lower energies compared to the peaks from the measurements. Previously, the scaled
plane-wave Born cross sections for the electron-impact excitations were used to
mimic the effects related to the polarizability of atomic system [13].

B,
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Fig. 2. Comparison of single ionization cross sections for the Sn** ion with

experimental data [16]. The REDA contribution is shown by shaded area.
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Fig. 3. Single-ionization cross sections for the C atom. Theoretical values correspond
to the DW calculations. Solid line (green): total scaled DW cross sections; dashed
line (green): scaled DW cross sections for DI; dash-dotted line (blue): total DW cross
sections; dotted line (blue): DW cross sections for DI; circles: experiment [17]
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Fig. 4. Electron-impact ionization cross sections for W3+ obtained in the single-
configuration approximation (upper green line) and by using a basis of interacting
configurations (lower blue line).

The correlation effects may play a crucial role in the ionization process. The
cross sections are diminished by ~16% when the correlation effects are taken into
account for the W= ion (Fig. 4) [14]. The largest effect is obtained for the indirect
process of the electron-impact ionization in this case. The configuration interaction
(C1) method is often used to determine influence of the correlation effects. Therefore,
the level-to-level studies for the excitation and collisional ionization processes have
to be performed. However, the excitation and ionization have to be analyzed not only
for the main configurations but also for the admixed configurations which together
form basis of the interacting configurations. The same type of excitations that are
included to form the admixed configurations for the CI basis has to be analyzed for
both configurations participating in a transition. Otherwise, the calculations can
produce the diminished values for the single ionization cross sections. It should be
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noted that the correlation effects can be important for the EA channels corresponding
to the excitations to the configurations with energy levels that straddle the single
ionization threshold. The slight shift of the energy levels or single ionization
threshold can lead to the essential changes in the DI and EA cross sections for the
considered configurations. What is more, the study of the correlation effects is
especially important for the neutral atoms and near neutral ions where the
experimental cross sections are often overestimated by the theoretical values. For
example, the scaled DW cross sections alongside the CI calculations had to be
incorporated to explain the single ionization measurements for the Fe** ion [18].
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BIG BANG PHYSICS
B.E.Zhilyaev

Main Astronomical Observatory of the NAS of Ukraine, Kyiv
e-mail: zhilyaev@mao.kiev.ua

Quantum gravity

The general theory of relativity was created on the assumption that the continual
description of space-time is preserved on arbitrarily small scales. Planck and
Heisenberg guessed from the start that a continuous description of the real world
would likely fail due to quantum effects in gravity. Dealing with three fundamental
constants - Newton's gravitational constant G, the speed of light ¢ and Planck's
constant h, one can construct a unique combination of the dimension of length, L,
=\(Gh/c), its numerical value is ~ 103 cm. Physics of processes in scales large and
smaller Lp should be very different. It is assumed that at distances less than the
Planck length L, quantum effects in the geometry of space and time become
important. If we ignore them and continue to use the classical continual
approximation, infinities appear in calculations, that is, nonsense.

Causal horizon. Humanitarian explanation of physical cosmology

The curvature of space limits our vision of the world; we see the world up to
the event horizon. Travelling into the past of the Universe, we would notice that the
size of the horizon is shrinking, because the curvature of space 1/R is inversely
proportional to the age of the Universe (R ~ t*¥2~ (1+ z)*). The moment would come
when the horizon would be reduced to the size of the Galaxy, the Sun, the Earth, the
electron....

Hence it is clear that in the history of the Universe there were moments when,
based on causal considerations, even elementary particles could not exist in it. When
the horizon shrinks to the size of an elementary particle, the gravitational force and
"field forces"”, which determine the electromagnetic/weak/strong interaction, and,
accordingly, the structure of an elementary particle, must equal in size and something
must have happened to the particle. What? - phase transition. The weakest of
Interactions - gravitational, as it deepened into the history of the Universe, “gained
strength”, combined with other interactions, until the era of “Great Unification”
came. Phase transitions were accompanied by symmetry breaking and the appearance
of new structures - strings, textures, monopoles, and branes. These structures are
topological defects, a consequence of symmetry breaking during phase transitions in
the matter of the Universe.

Quantum-mechanical description of the Universe at an early stage of its
development

From the uncertainty relation At ~ #/AE, it can be argued that for sufficiently
small 4t, the uncertainty of the energy 4E can be so great that the state of the system
cannot be regarded as stationary. For stationarity, it is necessary that the uncertainty
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4E be small in comparison with the distances between energy levels in the energy
spectrum. Even in the case of a macroscopic body (system) at the initial stage of the
development of the Universe, one can find such 4t when this condition is not
satisfied. In this case, the description of the state of the body (system) with the help
of the wave function becomes impracticable, because there is no data necessary for
its construction. Quantum-mechanical description using a density matrix allows us to
calculate the average value of any quantity that characterizes the system. However,
the lack of sufficient data to plot the wave function excludes this possibility. Thus,
the quantum-mechanical description of the Universe at the earliest stage of its
development becomes impossible within the framework of a stationary model [1].

Phase transitions in the early universe

As we move forward in time from the moment of creation, the universe
becomes less hot and less dense, until phase transitions begin to occur in matter,
changing its shape and properties. Phase transitions are accompanied by symmetry
breaking.

The familiar phenomenon of phase transitions is associated with water. With a
decrease in temperature, its properties change dramatically: the gaseous phase -
vapour - passes into the liquid phase - water - and then into the solid phase - ice. Note
that steam is “more symmetrical” than water, which in turn is more symmetrical than
ice.

The analogy with water can be helpful in understanding the concept of
symmetry and symmetry breaking in the universe.

Topological defects

Phase transitions have many important consequences, including the formation
of topological defects - zero-dimensional monopoles, one-dimensional cosmic
strings, two-dimensional domain walls, and textures. They could also cause a period
of inflation ® (exponential expansion of the Universe). The type of the resulting
defect was determined by the properties of the symmetry of matter and the nature
(temperature) of the phase transition.

® Modification of the Big Bang model, which includes a period of exponential
expansion at an early stage in the development of the Universe, called “inflation”. In
a typical inflationary scenario, exponential expansion began at about 10-3* seconds
after the beginning of time and ended when the universe was a hundred times older
(that is, after about 10732 seconds). During this time interval (the 'Inflation Epoch’),
all distances in the Universe have increased approximately 10°° times. The event
horizon has grown from 10-%*cm to 300 million light years. Inflation was more about
the expansion of space than the movement of particles through space.

Cosmic strings
« Light strings (~ 10 cm long) are associated with some models of elementary
particles, in particular, their formation is determined by electroweak
interaction. It is assumed that cosmic strings arose from these elementary
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strings during the expansion of the Universe (inflationary) at the earliest stage
of its development, when the event horizon was comparable to the size of
elementary particles.

 Cosmic strings are one-dimensional objects that form when axial or cylindrical
symmetry is broken. They are very subtle and can extend across the entire
visible universe. A typical string is a trillion (10'?) times thinner than a
hydrogen atom. A segment of such a string 10 km long has the mass of the
Earth. The number of such strings in the Metagalaxy is about 40 pieces.

» Cosmic strings are hypothetical objects; no one has ever observed them. They
can make up a significant portion of dark matter in the universe.

How are topological defects formed?
* In a cosmological context, the process of defect formation is known as the
Kibble mechanism.

* The fact is that any interactions in the early universe, due to causal relationships,
could only propagate at the speed of light c. This means that at time t, the area
of the universe, remote distance more than & = ct, can not know anything with
respect to each other. When symmetry breaks down during phase transitions,
different regions of the universe will come to different states with the
minimum energy from a possible set of states (this set in mathematics is known
as a vacuum manifold). Topological defects are actually “boundaries” between
these areas with different variants of energy minima, and their formation is an
inevitable consequence of the fact that different areas cannot agree on their
choices.

For example, in a theory with two minima, adjacent regions (plus + and minus -)
separated by more than ct will tend to randomly fall into one of two states (as shown
below). The boundaries between these different minima are known as domain walls.
They have a well-known analogue in low-temperature physics - domains in
ferromagnets.

domain walls

The Kibble mechanism for the formation of domain walls

Domain wall - domain boundary; area border; the border separating the regions
of two possible minima of potential energy (vacuum).

Cosmic strings arise in more complex theories in which the «holes» have the
lowest energy state. The strings correspond to the non-trivial case of «firmware
wiresy in these «holes» (as shown below).
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Some questions of multidimensional physics

The existence of extra spatial dimensions postulated Kaluza and Klein in

1919. The 3 D observers have no senses to perceive these dimensions.
Quantum string mechanics operates with 10 spatial and 1 temporal

dimensions. Moreover, 3 spatial and 1 temporal dimensions turn out to be
infinite, and the rest are collapsed.

Why 10 measurements? For 11 or more measurements, massless particles
with spin 2 appear in theory, which is unacceptable from a theoretical and
experimental point of view.

» The masses and charges of elementary particles are determined by the vibration

modes of the strings. And the vibration modes depend on the size and shape of
additional compact dimensions.

In the real world, the extra dimensions are not folded into cylindrical
surfaces, as Kaluza and Klein suggested, but into spaces of a more complex
nature. In 1984, it was found that the string theory equations were satisfied by
a class of 6- dimensional complex geometric Calabi-Yau manifolds.

This is a two-dimensional projection of one of the many 6-dimensional Calabi-Yau
spaces. This is the structure of our space on a scale of ~ 10=3cm.

Our Universe contains additional dimensions

» According to string theory, at every point in our space, there are six extra
dimensions, folded into a bizarre shape of Calabi-Yau spaces. These dimensions are
an integral part of the structure of our space, they are present everywhere. They are so
small and so tightly twisted that they cannot be detected with modern experimental
equipment.
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Brane cosmology

The development of new theories with more than three spatial dimensions gave
rise to the concept of «brane worldsy. 1t is assumed that ordinary matter is
enclosed in a three-dimensional submanifold - brane - immersed in a
fundamental multidimensional space. We are confronted with perhaps the most
striking result of the revolution in physics, namely the possibility that we live on a
hypersurface within a higher dimensional space-time. In the brane world,
additional dimensions can be extended, and even infinite, they can demonstrate
effects directly observed in present or future experiments. From here it is a stone's
throw to the idea of a plurality of brane worlds - other (parallel) universes [2].

Some questions of a multidimensional physicist

We get the following picture: at large scales (low energies), the Universe looks
like a 4D (3 + 1) object. At energies between 10 26 GeV - as 5D, and at higher
energies (smaller scales) looks as 11D (10 + 1). Because of the uncertainty
relation At~h/AE that the energy 10 21 GeV and 10 * GeV correspond to the age
of the universe ~ 10 - ®% 38 and ~ 10 - *® seconds. Hence it follows that near
the Planck age (~ 10" **sec) the topology of the Universe changed radically. The
number of spatial dimensions has evolved from ten to the present three. The
dimensions of the rolled-up measurements are ~ 10-33cm.

Conclusion

* Quantum effects played a decisive role in the Planck era (~ 10 “**s from the
moment of the birth of the Universe). They played an important role until the
10- day age of the Universe, when nucleosynthesis and the formation of atoms
were completed.

» Quantum effects continue to play a decisive role at the Planck spatial scales
(~10-% cm). Here space-time acquires an 11- dimensional structure. This is the
arena for the existence of elementary particles and exotic matter, hiding under
the pseudonyms of "dark matter” and "dark energy". On a larger scale, space-
time takes on a familiar structure with three spatial and one temporal
dimension.

« Quantum effects also play a mysterious role at Planck energies of ~10% GeV.
Such energies, on the one hand, are characteristic of an oscillating string in
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string theory, and on the other hand, they are observed in the most powerful
transients in the Universe - gamma flares.

* Surprisingly, the structure of matter at the smallest scales is associated with the
structure of the Universe at global distances.

* The main object in the modern theory of fundamental particles is not a point
(zero-dimensional) particle, but an extremely short one-dimensional structure -
a “string”. It is assumed that the strings are approximately 103 c¢m long. The
different modes of vibration of the strings correspond to different types of
particles. String theory (M-theory) requires 11-dimensional space-time, all of
these dimensions except four (length, width, height and time) are compact, that
IS, hidden from us [3].

* In the Planck era, all 10 spatial dimensions were approximately the same Planck
size. Then 3 dimensions began to expand to infinity, the rest (cyclic
dimensions) remained collapsed.

» Responsible for the physical properties of the surrounding world is a certain
variety of Calabi-Yau. The type of Calabi-Yau space affects particle masses,
properties of interactions and forces in the material world. Thus, the properties
of elementary particles and the initial cosmological conditions in the Universe
turned out to be related through the geometry of the Calabi-Yau manifold.

» A more general type of objects in M- theory is membranes (branes). Branes can
be of different dimensions and shapes. For example, zerobrane is a particle,
onebrane is a string, twobrane can be a membrane and threebrane can be the
universe. Nobody knows yet what 4 -branes can be.

[1] L. Landau, E. Lifshitz, Statistical Physics 1, 29 (1976).

[2] V.A. Rubakov, Large and infinite extra dimensions, (arXiv: hep-ph /0104152, p.
8, 21, 23, 43-45).

[3] B. Greene, The Elegant Universe. Superstrings, Hidden Dimensions, and the
Quest for the Ultimate Theory, Vintage Books, A Division of Random House,
Inc. New York.
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ELECTRON IMPACT EXCITATION
OF SINGLY CHARGED IN ION

S.Bharti

Indian Institute of Technology Roorkee, Roorkee, India
e-mail: swatibhartiugc@gmail.com

Theoretical and experimental investigations made on electron impact excitation
of singly and multiply charged metal ions are important for better understanding of
atomic structure and have many practical applications in several research areas
including astrophysics, fusion research and laser applications [1, 2]. The observations
from Goddard High Resolution Spectrograph (GHRS) aboard the Hubble Space
Telescope (HST) indicate the existence of elements heavier than zinc in the
interstellar medium [1] including In II. In Il has been the subject of various
experimental and theoretical studies due to its significant presence in interstellar
medium and application in solid state lasers [3]. It has been approved as a good
candidate for optical frequency precision [4]. In view of the earlier reports on the
very sophisticated experimental arrangements the theoretical studies have been more
feasible and reliable to explore dynamical aspects of collisions between electron and
In Il ion as well as spectroscopic aspects. In present study we investigate mainly
transitions for astrophysical importance in inelastic collision of electron with singly
charged indium ion within the medium energy range of incident electron.

A systematic study of the electron impact excitation process requires the
knowledge of accurate dipole transition probabilities or  oscillator strength
for spontaneous emission between the various configurations of the ion. Therefore, a
deep analysis became more significant to ascertain the accuracy in the results. In this
study we recalculated the structural properties of various spectroscopic lines as they
are important for astrophysical purpose. To perceive the accuracy in results a well
optimized set of configuration state functions (CSFs) have been considered for the
atomic structure studies of In Il ion. We have considered 5s?, 5s6s, 5sbd, 5s7s,
5s6d, 5s58s, 5p? as even parity configurations and 5s5p, 5s6p, 4f5s, 5s7p, 5s5f,
5p5d as odd parity configurations in non-relativistic scheme. This results into 20 and
36 CSFs for even and odd parity states, respectively. These wavefunctions are
optimized on the basis of the comparison between our calculated oscillator strengths
with the corresponding values from the NIST database [5] as well as other theoretical
results.

In order to provide brief outlook of the methodology used in this investigation, we
have chosen the Collision frame of reference with quantization axis (z-axis) to be
along the direction of the incident electron beam while the scattering plane is chosen
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to be the xz-plane. For describing the scattering process, one needs to evaluate the
scattering amplitude or transition matrix (T-matrix). RDW approximation is a first
order perturbation theory, the scattering amplitudes for two electron transitions
vanish and hence, the CSFs involving two electron transitions will not contribute.
Furthermore, we have ensured in our calculations to include all those CSFs having
value of mixing coefficient of the significant order i.e. the leading configurations,
with a minimum contribution of 0.01% in the CSFs of In Il ion. Thus, the present
optimized wavefunction can be counted on to provide accurate cross sections.

After obtaining the bound state wavefunctions, we can generate the continuum
state wavefunctions for the projectile electron within the RDW approximation.
Finally, we compute the T-matrix to determine the excitation cross section g;; as

described below.

In the RDW approximation, the T-matrix for electron impact excitation of a
transition from initial state |a;, J;, M,) to the final state |a, /s, M) of an atom or ion
with N electrons and nuclear charge Z can be expressed as,

T?iﬁl(fl.,Ml.,;:[:ff,Mf,;:f,e) = (L2, N+ D)WV, - UV + 1Ay (12,.,N + 1)), 1)

Here, J; r and M; ; are the total angular momenta and magnetic quantum numbers of
the target ion before and after excitation and «, » denote all the additional quantum

numbers required for unique identification of the states. The numbers 1,2,..., (N + 1)
refer the combined spin and position coordinates of the electrons with respect to the
nucleus of the atom. <A is the antisymmetrization operator which accounts for the
exchange of projectile electrons with the atomic electrons. Us(N + 1) refers to the
distortion potential which is chosen to be the spherically symmetric static potential of

the target in its final states. y;,+ denote the product of atomic wavefunction @; ¢ and

projectile electron distorted wavefunction FJ¢ * in initial/final states, i.e.,

212, N+ 1) =2, (1,2, . NIFEE (b N +1). 2

Here +/- sign refer to the incoming/outgoing waves with wavevectors, k; ¢, having

magnitudes
JE[J(EL‘F +2¢%)

c

(3)

kl:_.f -

where E; ¢ are the relativistic energies (including the rest mass of the electron) and c
Is the speed of light.

In equation (1), term V,, is the interaction of projectile electron with the target atom
or ion, given by
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F-L(r- T ) = Z 4
in ir’ N+1 r\+1 |’.l TA-+:L| I: j

The position coordinates of the atomic and projectile electrons with respect to the
nucleus are given by respectively, r;(i = 1,...,N) and ry.,.
The T-matrix can be rewritten in the following form to obtain the scattering

amplitude £2%,

5
27 Mo, Mg, 8) = (2m) ?J.:..(; MosilpMpig8) O

The scattering amplitude can be related to the differential cross-section using the
expression,

i 2(2; +1) 4 Z

U; '“'j"

D[t
L-‘f j M, p; fffo’-“f’H)l (6)

Here summation is carried out over magnetic quantum states in the final channel and
average is taken for magnetic quantum states in the initial channel.

Further, the angular integration of the differential cross section (DCS) gives the
angle-integrated cross-section,

de. . (7)

In this study the excitation cross section for In Il ion from ground state configuration
5s? 1S, to excited state configurations 5s5p and 5s6p has been studied along with the
excitation calculations from excited states. Excitations cross section data from excited
states of the atoms and ions viz. metastable and higher lying states play an important
role in plasma diagnostics. The excitation cross sections from higher lying fine
structure states are generally larger in comparison to the ground state since lesser
excitation energy is required to overcome the excitation threshold from an excited
state. In this order the cross section from excited state configuration 5s5p to 5s6s and
5s5d, from 5s6s to 5s6p, from 5s5d to 5s6p excited state configuration have been
calculated within 15 to 200eV energy range of the incident electron.
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Figure 1: The Integrated cross sections for electron impact excitation of the
ground 5s21S, state to the excited state 5s5p P, compared
with the measurements of Gomonai et al [6].

For example, we have shown in Figure 1 the comparison between our results for
dipole allowed transition 5s215,— 5s5p*P; with the available experimental results
for emission cross sections reported by Gomonai et al [6] in the electron energy range
from 7-300 eV. Since these measurements include cascade effects from higher lying
state, our cross sections show deviations from these results. However, at high
energies we observe that our cross sections are in reasonable agreement with the
experimental values and lie majorly within the uncertainties of the measurement.
Also we have included here cross sections from excited state 5s6d 3D, , ; to the
higher lying fine structure state 4f5s 3F,5 in Figure 2 for three transitions. the
calculated value of the excitation cross section is relatively higher with a value of
1.7244 x 10~**cm? for the transition 5s6d 3D, — 4f5s *F, in comparison to the
transitions which occurs from the ground state. As we can observe that all three

transitions have same-spin transition i.e. triplet to triplet transition so the value of
cross section is rather higher.
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Figure 2: The electron impact excitation cross sections for the higher lying fine
structure transitions 5s6d *D, , ;— 4f5s 3F, 5 as a function of incident electron
energy.

For the third transition 5s6d ®D,—4f5s 3F; in Figure 2 the excitation cross
sections are smaller than other two as this transition has the higher value of the
excitation threshold among the three transitions.
In order to make our results available for desired purpose of plasma applications, we
have fitted our calculated cross sections for all the fine-structure transitions using the
appropriate analytical expressions. For low to intermediate energy range, the
following analytical formula has been employed to fit the cross sections,
n_ob,E’ (8)

Ui =1p) = cg + ,E +c,E?
Here, incident electron energy E and cross section (o) are in atomic units. In the
above equation b;, ¢y, ¢1 and c; are the fitting coefficients which can be discuss in the
talk. The cross sections for dipole allowed transitions fall-off as InE /E in high
energy range of the projectile electron. Therefore, the Bethe-Born form, is used to fit
the cross sections at high energies i.e. 5 to 6 times of the excitation threshold energy,
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1
ﬂ[fz' _}ff) =E(du+d1hl(5]], (9)

where scattered electron energy E and cross section (o) are in atomic units. d, and
d4 represent the fitting coefficients. Details about this study will be discuss in the
talk.
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The chalcogenide crystals of Sn,P,S¢ family are studied for a long time as a
ferroelectric material with large variety of the phase transitions and multi-critical
points on the phase diagrams [1]. From the other side, they also possess the efficient
photorefractive, electro-optic pyro- and piezoelectric parameters, which can find
numerous applications. In this communication we present a review of the activity in
this field.

The Sn,P,Ss crystals is an example of the ferroelectric-semiconductors with
relative narrow bandgap (2.3 eV) that makes this material photo-sensitive and
provide some specific properties of this material. Among the main attractive points of
this crystal is a photorefractive (PR) effect that represents a change of the optical
parameters by a low-power optical irradiation. This effect is a combination of the
photoconductivity and the linear electro-optic effect, and is useful for many optical
applications using the principles of dynamic holography [2].

As compared with other PR materials, Sn,P,Sg has such advantages as sensi-
tivity in the red and near-infrared spectral range [3-6], relatively short response times
(in scale of milliseconds) and the diffraction efficiencies that allow to realize optical
schemes for laser beam manipulations, wave conjugation, spectral filtering and many
others [7,8]. Another peculiarity of this material is the diffusive mechanism of the PR
effect, i.e. that the formation of the space charge occurs due to diffusion of the
photoinduced charge carriers [3, 6] and leads to formation of the dynamic phase
gratings via electro-optic effect [9]. This mechanism ensures non-locality of the
phase gratings, and consequently the effect of the light beam coupling in the standard
two-beam holographic schemes, that is in a basis of the many applications [2]. The
coupling is characterized by the two-wave mixing (TWM) gain coefficient T" that
determines the max energy transfer between the interacting laser beams.

Crystal growth and modification technology. The Sn,P,Se crystals of good
optical quality are growing by the conventional vapor-transport techniques, that allow
to obtain the big enough samples (~ 1 cm?®). The first undoped Sn,P,Ss samples
demonstrated pretty good PR parameters [3, 6]. But in the further works it was shown
that the optical, dielectric and PR parameters of these crystals can be efficiently
modified by doping. The growth of these crystals with addition of Sb and Te [6,8]
allowed to enhance the PR parameters. One of the best examples of the crystal
modification was the so-called “brown” Sn,P,Sg sample [10], most probably grown
with a high deviation from the stoichiometry. Up to now, this sample represents a
“record” TWM gain value (~38 cm™ at 633 nm) and is a demonstration of the great
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potential capability of the modified Sn,P,Ss as the PR material. Unfortunately, this
technique appears to be hardly reproducible, so our technological works were
directed to search of the new efficient dopants, as well as to elaboration other ways of
the sample modification after growth.

The doped and studied Sn,P,Se crystals were mainly grown also by vapor-
transport technique using stoichiometric composition of the components with an
additional amount of the dopant in the growth tube, typically in the range from 0.5 up
to 5.0 mol.%. It was found that Te, Sb, Bi, Se and Ge enhance the PR sensitivity, as
compared with nominally pure samples, whereas In suppress this effect. Our
measurements of the optical transmission and photoconductivity show that the both
spectra of the doped crystals exhibit additional bands near the fundamental absorption
edge, increasing with the dopant concentration. For various doping elements the
shape of the absorption bands and its variations with the doping are rather different,
that determines the possibilities of variation of the PR parameters (i.e. max
diffraction efficiency of the PR gratings, their time constants and the spectral range of
the sensitivity), and to optimize these parameters for different applications. Note that
recently was founded that the Sn,P,S¢ crystals grown using Bridgman technique,
demonstrates rather good PR parameters in the near infrared (1064 nm) despite of the
lower optical quality (increased light scattering) [11], that is perspective for further
improvement the growth technologies.

In addition, the crystal modification was realized using thermo-induced
indiffusion of the dopant atoms (Cu and Ag) [12]. In our experiments, the Sn,P,Ss
specimens with gradients of the indiffused Cu atoms along different crystallographic
directions were obtained by such a way. We measured the variation of the dielectric
constant, optical transmission and TWM gain at 633 nm along the direction of
diffusion. We also studied these Sb- and Te-doped crystals, modified by Cu
indiffusion after growth. It was found that an impact of both doping at growth and
post-growth indiffusion on the PR parameters leads to an increasing of the
compensative component of the photoinduced space-charge grating, i. e. screening
effects due to increased electric conductivity. Besides, the Sn,P,Se co-doped with
Cu(0.5-1%) and Sb(0.5-1%) crystals were grown, and it was found that the optical
absorption spectra of these materials are similar to the case of the Sh-doped sample,
but the PR parameters show a substantial difference: the formation of the space-
charge grating is single-exponential, and practically without the compensation
processes occurring due to screening of the primary space-charge grating and so
reducing the TWM gain value. This is a substantial advantage for use this PR
material in holographic schemes, that is illustrated by high stability of the dynamical
interferometers and other photorefractive schemes exploiting the double-doped
Sn,P,Se:(Sh, Cu) crystals.

Computer modeling. The obtained experimental results well correlate with ab
initio calculations of the electron spectra in the Sn,P,Se lattice with various defects.
The model calculations were used for estimation the defect levels in the gap created
by the various dopants (Sbh, Te and others). The calculated potential barriers between
probable positions of the indiffused atoms in the Sn,P,Se lattice correlate with the
experimental results on the thermo-induced diffusion in different crystallographic

39



IE®-2021 IEP-2021
VYxropon, 26-28 tpaeus 2021 Uzhhorod, 26-28 May 2021

directions. Besides, the model calculation of the electron spectra in the Sn,P,Sg lattice
with two defects (Cu and Sb) in the same unit cell give an explanation of the absence
of the compensations processes in the double-doped crystal. As it was shown in [13],
the Sb®* impurity replaces the Sn?* cations, charge-compensated by appearance the
Sn vacancies. This leads to formation the defects of two types, including tin vacan-
cies, that can be a reason of the electron-hole compensation at the formation of the
photorefractive holograms. As it follows from the calculations of the electron spectra,
the Cu®* impurity, located near Sb*', form the additional electron states that
correspond to the same energy, and so are forming single electron level in the gap.
This well correlates with the exponential dynamics of the space-charge grating
formation, that is predicted by a single-level model of the PR effect.

Applications. Among the most perspective applications of the PR crystals is
dynamic interferometry based on a TWM of laser beams. These interferometers are
used for remote detection of small dynamic phase variation produced by vibrations of
various objects reflecting the probe laser beam. The main advantage of such schemes
Is their adaptation to slow (relative to the time constant of the hologram formation)
variation of the phase, i.e. occurring in time larger than the reversal time response of
PR grating. Dynamic interferometers find numerous applications in optical schemes
of laser diagnostics, measurements of small displacements, dynamic novelty filters
etc. The basic element of the interferometer is the PR crystal with fast response and
high two-wave mixing gain at the used laser wavelength, and Sn,P,Ss single crystals
doped with Sb (0.5-1.5 mol.%) is a good example of such material: it demonstrates
rather high values of the two-wave mixing gain (up to 18 cm? at 633 nm light
wavelength) along with a relatively short response time (10...100 ms) [5,6]. In our
works we examined several variants of the interferometric schemes constructed on
the base of Sn,P,Se:Sb crystal. First, the conventional two-beam scheme [14] that
allows to detect the parameters of vibrations of one mirror, driven by piezoelectric
actuator and reflecting the probe laser beam. The scheme acts as a frequency filter in
which the cut-off frequency that depends on the laser beam intensity and
photorefractive grating spacing. In our experimental conditions, this value was in a
range of ~10 Hz that corresponds to the inverse time constant of the PR grating
formation. For testing the wider frequency range of the vibrations, we used also a
heterodyne principle when the reference beam is also phase-modulated. The shape of
the signal depends on the amplitude of the vibrating object, and the higher harmonics
appear in the signal at higher amplitudes of the “signal” (or “pump”) phase
modulation. This gives a possibility to measure the amplitude of the vibration of the
objects by an analysis of the waveform of the signal at various amplitudes of the
“pump”. The relative phases of the modulations of the “signal” and “pump” also can
be estimated basing on the signal level at equalized modulation frequencies. Partially,
the sweeping of the “pump” modulation frequency allows detecting the vibration
frequency of the object with a high precision. Note that the phase-modulation
technique can be also used for measurements the material parameters, partially for
study the peculiarities of the two-wave mixing gain dispersion in various doped
compounds of the Sn,P,Ss crystals.

The high TWM gain value in the Sn,P,S¢:Sb crystal allows to construct a
lensless scheme applicable for optical detection of micro-vibrations, partially to put
in evidence 2d-patterns of vibrating surfaces illuminated by a laser beam [15]. This
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scheme is based on the image formation in a space-limited amplifying dynamic
hologram, formed by a narrow (focused) reference beam, and which acts similarly to
an optical pinhole in the known “camera obscura” device. We demonstrate that such
scheme can be used for visualization of the dynamical wavefront distortion of the
coherent light scattered by a vibrating rough surface [15]. The lensless scheme also
can be used for the optical detection of microvibrations whose frequency is much
higher than the reversal response time of the PR material by using a heterodyne
principle, like in the above TWM scheme. The advantages of this in comparison with
the known dynamical interferometers exploiting the TWM effects are the following:
this is a focus-free optical scheme which does not require the adjustment of the
interacting beams and focusing elements, and which is able to get the dynamic
picture from a rough light-scattering object. Basing on the strong and fast beam fan-
ning in Sn,P,S6:Sb [6], i.e. PR dynamic amplified light scattering inside the sample,
one can also construct a simplified one-beam interferometer [16]. The main
advantage of this scheme is that it does not require an equalizing of the optical arms,
and phase modulation of the input beam can be detected by modulation of the scatte-
ring intensity, or by variation of the incident laser beam. By introducing the additi-
onal phase modulation, here one can also realize the advantages of the heterodyne
principle, and to measure frequency, amplitude and phase of the vibrating object by
compensation of the phase modulation by the way similar to described above, i.e. by
tuning the frequency, amplitude and phase of the vibrations of the second mirror.

The Sn,P,Ss doped crystals are shown to be applicable for the realization of the
“slow light” scheme [17-19], i.e. the controllable laser pulse delay in conditions of
the TWM process. The pulse delay was achieved up to the values of the efficient
group velocity in several cm/s, that is perspective for construction the light delay
lines. It was also demonstrated that the laser pulse control can be achieved by using
the beam fanning [17] that makes the devices very compact and simple.

One of the most perspective application of the Sn,P,Ss:Te crystals was their
use in the scheme of the acousto-optical diagnostics of the biological objects, like
human body. The main idea of such a device is the local testing of the object in the
crossing point of the acoustic focused wave and the laser beam with the wavelength
from the “therapeutic” spectral window (~790 nm), that is strongly scattered in such a
media. The extremely weak and frequency-shifted diffracted light is amplified in the
PR element (Sn,P,Se:Te 1% crystal) due to TWM with the “pump” laser beam from
the second optical arm, with introduced the same frequency shift. The obtained
results show a capability to detect small inclusions ~0.5 cm. This technique is consi-
dered as the complementary to the usual ultrasonic method usable for early cancer
tumor detection [20-23].

Conclusions. The Sn,P,Sg crystals with various dopants are very promising
materials for dynamic holography, photonics and nonlinear optics, with great
potential capability for further improvement and novel applications.
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Nanotechnologies and nanomaterials are an increasing important object of
scientific interest. Nanomaterials are coming into use in healthcare, electronics,
cosmetics and other areas. Their physical and chemical properties often differ from
those of bulk materials. Thus nanodiamonds are diamonds particles with a size below
1 micrometer. They can be produced by impact events such as an explosion or
meteoritic impacts. Because of their inexpensive, large-scale synthesis, potential for
surface functionalization and high biocompatibility, nanodiamonds are widely
investigated as a potential material in biological and electronic applications and
quantum engineering. We have also been dealing with nanodiamonds in the Nuclear
Physics Institute in recent years. The diamond powders were irradiated for the
production of fluorescent nanodiamonds. Nanodiamond powders with a grain size of
5-45nm were irradiated. N-V (nitrogen—vacancy) centers are created after
irradiation. The photo-stable fluorescence in the visible and near infrared spectral
range can be engineered in the fluorescent diamond nanoparticles (FDNs) by
enrichment with color centers related to the point defects in the crystalline lattice.
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Figure 1. Formation of N-V centers, N - three electrons are covalently bound
to the C atoms, two non-bonded (lone pair). The vacancy - three unpaired electrons:
two make a quasi-covalent bond and one remains unpaired. N-V° - one unpaired
electron, paramagnetic. N-V- - electron located at the vacancy site - paired with one
of the vacancy electrons.
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The NV color center consists of a nearest-neighbor pair of a nitrogen atom in a
substitution position and a lattice vacancy. It exists in two charge states, neutral
(NV?) and negative (NV°), with ZPL (zero phonon line) emissions of 575 nm and
637 nm, respectively. NV color center in diamond exhibit following characteristics:
(i) bright red fluorescence at room temperature, (ii) photostability showing no
photobleaching typical for organic fluorophores or blinking typical for QDs (quantum
dots), (iii) linearity of fluorescence intensity with NV concentration, in contrast to
that of QDs, (iv) paramagnetic electron ground state making it accessible to optically
detected magnetic resonance, and (v) chemically driven fluorescence linked to the
surface chemical potential. After irradiation, the material is annealed at a temperature
about 800 °C. The N-V centers show fluorescent properties after laser irradiation.
Fluorescent nanodiamond is new material with good biocompability, great
photostability and easy surface formability.

The most suitable method for the preparation of fluorescent diamond
nanoparticles is the irradiation of nanodiamonds with high-energy particles from an
accelerator and subsequent thermal annealing. Beams of protons, deuterons, alpha
particles and electrons can be used for irradiation. At our institute, we use a beam of
protons and ions from our cyclotron U120M and electron beams from Microtron
MT25. Recently, neutron irradiation in a reactor channel has been tested.

Electron irradiation of nanodiamonds
In this work, we investigate the formation of NV color centers in diamond

nanocrystallities using monoenergetictic electrons. Irradiation of nanodiamonds was
performed with an electron accelerator microtron MT25 located in Prague. The
microtron MT 25 installed at the Nuclear Physics Institute of the Czech Academy of
Sciences is a classical type of cyclic relativistic electron accelerator, see Fig. 2. In the
vacuum chamber, the electrons follow circular paths with a common tangent point.

The accelerating cavity, which is excited by the radio frequency (RF) field, is
located at this point. A LaBg hot cathode is used as the source of the electrons, and is
installed on the inner wall of the cavity. Thus, the particles are accelerated by an
almost constant RF field at almost constant frequency in a constant uniform magnetic
field. The technical solution is briefly described in [1]. Electron beams are extracted
with tunable discrete energies in the range 5-25 MeV, macro-pulse length is usually
3 us with 423 Hz repetition rate. Average beam currents are standardly provided in
the 0.1-30 pA range. The beam power reaches up to 600 W in long-term operation.
The electron energy is almost monochromatic with dispersion tens of keV. Electron
beam can be focusing to the required size by set of quadrupole lenses.
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Figure 2 A schematic layout of the MT 25 microtron.
(1) Accelerating cavity with electron source, (2) vacuum chamber (magnet yoke),
(3) electron trajectories (orbits), (4) adjustable beam extractor, (5) first beam
deflector.

Setup of the target system for irradiations of nanodiamonds is shown in Fig. 3.
The current of accelerated electrons it that passes through the input window of the
target is measured by programmable logic controller (PLC) Tecomat TC700. The
PLC provides integration of the current. PLC sampling frequency is in hundreds of
Hertz. In each sample, actual current i; and the sampling interval ts are measured.
Total charge density is therefore Q = 22its [C/cm?] for beam cross-section of
0.5 cm?. Usable collimated current of accelerated electrons is about 15uA and the
cross—section of input collimator of the target system is 0.5 cm?, see Fig. 3. In the
experiment, the energy of the accelerated electrons was 16,6 MeV with energy
dispersion tens of keV, the mean beam current was about 15 pA. Achieved charge in
the target material was from 0,7 to 4 C/cm?. The sample of nanodiamonds was placed
in fresh water cooled target. A collimator with 8 mm diameter was placed in the front
line of the target, the shape of the hole is identical the shape of the target. The target
allows to irradiate nanodiamonds with sample mass up to 1,5 g.

Figure 3 Water cooling target system and inner box for nanodiamonds.
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Cross-section of input collimator of the target system standardly used at
Microtron laboratory is about 0.5 cm?, see Fig. 3. Nanodiamonds are pressed into Al
box with a bulk density of about 2 g/cm?.

Simulation of radiation damage was performed in FLUKA, a general purpose
Monte Carlo code for calculations of particle transport and interactions with matter,
covering an extended range of applications [2]. Simulation calculates the
displacement per atom (dpa) that is the unit frequently used for measuring the
radiation damage. For example, dpa =3 means each atom in the material has been
displaced from its site within the structural lattice of the material an average of 3
times. Thus, the dpa is a measure of the amount of radiation damage in irradiated
material. Simulations were aimed to estimate the appropriate ways of nanodiamond
irradiation. Firstly, the dependence of vacancy number on primary electron energy
has been studied. Energy change between 8 and 22 MeV causes small change of
vacancy formation. This is also confirmed by experiments, see Table 1. However, the
energy of the accelerated electron strictly affects amount of irradiated material.

Table 1 Dependence of the displacement per atom (dpa) and the relative
photoluminescence related to the water Raman signal (PL/Raman) on primary
electron energy. Electron irradiation charge density was 1.3 C/cm?. NDs target
thickness was 14 mm.

el. energy [MeV] dpa per electron PL/Raman [au]
8.0 2.22 .10 16.2
9.8 2.26.10% 19.5
16.6 2.35.10% 20.1
21.3 2.38.10% 16.3

The steady state photoluminescence spectra (PL) of the FDNs aqueous colloid
dispersion with concentration 1 mg/ml are shown in Fig. 4. The spectra were excited
by continuous 50 mW green laser at 532 nm and collected with the step 2 nm and
spectral resolution 4 nm. The non-irradiated sample shows low photoluminescence
comparable with the Raman signal of water with a broad band centered at 650 nm.
The water Raman signal is thus added to all spectra measured in colloid dispersion.
The neutral (NV?) and with ZPL emission at 575 nm is clearly distinguishable
whereas the peak related to the negative charged (NV-) color center is not
distinguishable in our spectra due to the superposition with water Raman band.
Figure 4 also shows the broad vibronic side bands up to near infrared spectral range
above 800 nm [3]. The PL intensity integrated in the broad spectral range 540-
820 nm clearly shows the linear increase with the electron irradiation charge density.
Therefore, the prolonged electron irradiation provides an approach how to prepare the
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FNDs with bright fluorescence. Comparing the measured PL intensities, we estimate
that the highest electron fluence 3 C/cm? investigated in this experiment creates about
three NV centers per diamond nanocrystal with 45 nm diameter. Taking into account
that the nanocrystal may contain thousands of N atoms, it is clear that we are still far
below the maximum charge density which would lead to saturation of NV
concentration and consequently the saturation of the fluorescence intensity. We
conclude that the prolonged electron irradiation provides a way how to significantly
enhance the number of NV centers in nanodiamond crystallites and their
photoluminescence brightness [4]. Another idea to increase the number of NV centers
was irradiation at different target temperatures. First, water cooling target system was
modified to be cooled with liquid nitrogen. Second, an irradiation vacuum chamber
was made for high temperature irradiation up to 900 °C. Although the first method
led to a certain increase in the numbers of NV centers, cooling the target with liquid
nitrogen for several hours is quite technically demanding. The second method led to a
significant increase in the number of N-V centers.
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Figure 4 The room temperature steady state photoluminescence spectra (PL) of
FNDs in water colloid dispersion 1 mg/ml after electron irradiation at 16.6 MeV with
charge density 0-3 C/cm?. The inset shows the ratio of the 540-820 nm integral
photoluminescence and deionized water Raman signal (PL/Raman) as a function of
electron irradiation charge density Q.

Conclusions
A relatively large number of nanodiamond samples were irradiated on a

microtron. After irradiation, the NV color centers have been activated by the high
temperature vacuum annealing followed by the oxidation and sonification to remove
sp? carbon from the surface and to form stable colloid dispersion of fluorescent

47



IE®-2021 IEP-2021
VYxropon, 26-28 tpaeus 2021 Uzhhorod, 26-28 May 2021

diamond nanoparticles in water with concentration 1 mg/ml. Annealing and all
chemical work were performed by colleagues from the Institute of Organic Chemistry
and Biochemistry of the CAS. The steady state photoluminescence spectra excited by
green laser show bright fluorescence in red spectral range linearly increasing with
electron charge density irradiation. Irradiation of nanodiamonds at high temperature
further increases photoluminescence. For most biological applications, an electron
fluence of 2 C/cm? at electron energy 16.6 MeV is perfectly sufficient. For some
special applications, the irradiation time may be prolonged. Increasingly efficient
production of fluorescent nanodiamonds and improving their applications in
biotechnology and biomedicine could improve diagnostics and therapy. It could also
help in our understanding of biological processes. It is clear that not all the directions
being explored will eventually go into practice. In any case, nanodiamonds have a
great future in this area. There are a number of other applications in which
nanodiamonds appear. One of them is, for example, the preparation of a very durable
lubricant, which is obtained by mixing molybdenum disulfide and nanodiamonds.
The resistance of such a lubricant considerably exceeds that of those currently used.
And there are many more similar interesting possibilities. I hope that | have
succeeded in showing that nanodiamonds are among the most promising new
materials that may lead to a number of technological breakthroughs in the future.
They are sure to have huge potential.
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MOJAEJIOBAHHSA TA OIITUMIBALIA CHEKTPAJIBHUX
KOE®IHIEHTIB ITAPYBATUX OIITUYHUX CUCTEM

0O.B.Mina, B.M.Py6im, B.B.KpachikoB

JIBH3 « Yarceopoocwvkuil Hayionanvhuil yHigepcumemy, Yoceopoo
e-mail:alex.mitsa@gmail.com

3agadi po3Mi3HaBaHHS BIIHOCATHCS J0 HAHOLIBIN CKIAAHUX OOCpPHEHUX 3ajad,
MOB’SI3aHUX 3 ONTUYHUMHU CHCTEMaMH. 3TiJHO TIOCTAHOBKH 3aJadi TOTPIOHO
BIITBOPUTH 32 EKCICPUMEHTAILHUMU JAaHUMH CIEKTPAJbHUX XapaKTePUCTHK B
HAWUOPOCTIIIOMY CTYMIHYACTOMY HaOMKEHHI Npodiiab MOKa3HUKA 3aJOMIICHHS
TUTIBKY miciist orpoMiHeHHs. Leit mpodinib mija ai€ro 30BHIMIHIX YUHHUKIB 3MIHIOETHCS
1 MOTpPIOHO BIJMOBICTH, B SIKUX O0JACTSIX TUNBKMU BiIOYJIMCA HAWCYTTEBINI 3MIHU
MOKa3HUKA 3JIOMJICHHSI.

T

400 600 300 1x10°

A, HM

Puc.1. MonenbH1 ciekTpu nponyckaHHs miiBku GeSz A0 1 micist ONpOMIHEHHS:
1 — cBixkeHanMiIeHa ofHOpiAHA TuTiBKa GESy, moKa3HUK 3aioMiieHHs 2. 1
2 — ompomineHa miiBka GeSp, mpu yMOBI OAHOPIAHOI 3MIHM IO BCiil TOBIIMHI
NoKa3HUKa 3ajomiieHHs 3 2.1 1o 2.05 npu onpoMiHeHH1 (0e3 3MiIHM TOBLIMHU TUTIBKU
0 BITHOIICHHIO JI0 CBIXKEHAMUIICHOT TITIBKH);
3 — ompomineHa turiBka GeSz 3 mokasHUKOM 3anomiieHHS 2.05 1 pocTOM TOBIIMHU
BCi€l IUTIBKK Ha 12 HM MO BIIHOIIEHHIO 10 CBIKEHAIUIICHOT;
4 — onpomiHeHa ruriBka GeSz 3 moka3HUKOM 3ajoMieHHs 2.05, pocTOM TOBIIMHU Ha
12 M, 1 chopMOBaHUM MEPEXiAHUM IIapOM TOBHIMHOIO 10 HM 1 TOKa3HHKOM
3amomiieHHs 2.4 ( TOBIIMHA MIEPEXiTHOTO APy BiAHIMAIACS BiJl 3arajibHOT TOBIIMHH
(bOTOBUIOBKEHOT ILTIBKH);
5 — onpomineHa miiBka GeS; 3 nokazHukoM 3anomiieHHs 2.0, pocTOM TOBUIMHU HA 12
HM, 1 C(HOPMOBAHHMM NEpPEXiHUM IIapoM TOBUIMHOO 10 HM 1 MNOKa3HUKOM
3ajmomiieHHs 2.4 (TOBIIMHA MIEPEXITHOTO APy BiJHIMANACs BiJl 3arajabHOi TOBIIMHH
(GOTOBUIOBKEHOT TUTIBKH).
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Mu BuXomuiaM 3 TOTO, IO BIATBOPECHWN TPO(iNh MOKA3HUKA 3ATIOMIICHHS
NOBUHEH 0a3yBaTHCS Ha EKCIEPUMEHTAJbHUX JaHUX MO JOCHIIKEHHIO CIEKTPIB
MPOMYCKAHHSI TUTIBKH ITICJISl OTIPOMIHEHHS.

[Ipu ¢oTonpocBiTIeHHI XaIBKOTCHITHOT IJIIBKA 1 YMOBHM 3MIHU TOKa3HUKA
3anomiieHHs (N) Bix 2.1 g0 2.05 mo Bci# ii TOBIIMHI, MOJICTBHUM CIIEKTP IEMOHCTPYE
picT Tmin, TOAI SIK Tmax 3aJHUINAETHCS HA PIBHI MPOIYCKAaHHA OJHIE] MOBEpPXHI
MiAKIaAuHKA. Takuil ke pIBeHb |max MPOIYCKAaHHS Ma€ MOJENIbHA CBIKECHAIUJICHA
IUTIBKA 3 TOKa3HUKOM 3anomieHHs 2.1 (puc.l, kpusa 2). [Ipu ymoBI HE3MIHHOCTI
r€OMETPUYHOI TOBIIMHMU IUIIBKM TPU ONPOMIHEHHI, 3HAYEHHS NPOIYCKaHHS B
iHTep(depeHIITHNX MIHIMyMax 3pOCTa€, a iX IIOJOXKCHHS, BHACIIOK 3MEHIIICHHS
ONTHUYHOI TOBIIMHM (3MEHIICHHI IIOKa3HWKa 3alioMjieHHs Big 2.1 nmo 2.05),
3MIIYIOThCST Bil A01=630 HM 10 Ag=615 uM. Jlerko Oauutu, 100 MIHIMYM Ao
MIEPEMICTHBCSI IO TOJIOKEHHS Ag1, (K y €KCIIEPUMEHTAIILHOMY CIIEKTPi) HEOOXiIHO,
11100 reoMeTpUYHa TOBIIMHA TJIIBKY 301IbIIKIACh Bl 825 o 845 HM, TOOTO 3pocia
Ha 20 aM. ToOTO HaONMKEHHS MIHIMYMIB B IIKaJl JOBXHH XBUJIb OIMPOMIHEHO] 1
CBDKEHAIUJICHOT ITUTIBKM MOXJIMBE JIMIIE B TOMY BHIMAJKy, KOJIM TE€OMETpUYHA
TOBIIMHA IJIIBKM B MPOIIECI ONMPOMIHEHHs 3pocTae. [Ipu 11boMy uncenbHEe 3HAaYEHHS
Tmin B MOJICTIbHIN OMIPOMIHEH1H TUTIBIIl 3QJTMIIIAETHCS BUIIMM, HIXK YUCEIIbHE 3HAYCHHS
MIPOITYCKAHHS B MIHIMyM1 CBI)KEHANMJICHOT TUTIBKH (IUB. puC.1).

d a
df HeHTpanbHa
oonacTe
d nepeximHa I
P oGnacrte :
>

205 24 1

Puc.2. BignoBieHuit npodiias MoKa3HUKA 3aJIOMJIICHHS ONPOMiHEeHOI TutiBku GeS; y
BHUTJISAJII IICHTPAJIbHOI YAaCTHHHM 3 TIOKAa3HUKOM 3amomjeHHs 2.05 1 mepexigHoi
00J1acTi.

3pocTtaHHS Thax 1 3MEHIIEHHS T min B 00macti 400-1000 HM MOAENIBHOI IUTIBKH
MOJIMBE Tpu (OpMyBaHHI nepexigHoro mapy (puc.l, kpuBa 4) 1 y3roJKyeThcs 3
pPOCTOM Tmax B €KCHEPUMEHTAIbHOMY CHEKTpl aucynbdiny repmanito. Lleit daxr
MOXKE CBIJUUTH MpO (OPMYBaHHS B ONPOMIHEHIA IJIBLI  00JacTi 3 OUIBIIKUM
MOKAa3HUKOM 3aJIOMJICHHS Ha MEXI1 PO3JUTy IUTIBKA-TIIKIAIUHKA. Y TBOPEHHS TaKOi
HEOJHOPIAHOI 007acTi 3 BIAMOBIAHOI 3MIHOK N MOXE CTaTH MOXKIMBHM TIPH
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NPOTIKAHHI TPOIECY MacolepeHocy B IUNBII MNpu omnpomiHeHHI. Haiikpaiie
Y3TOJIKEHHSI MOJIEIBHOTO 1 EKCHEPUMEHTAJIbHOIO CIEKTPIB  MpU  Ja3epHOMY
OTNPOMIHEHHI IUTIBKH JUCYJIb(iqy TEpMaHil0 JOCITAEThCS MpH  TIOKa3HUKY
3JIOMJICHHSI IIEHTPAJIbHOI YaCTHHHU ONPOMIiHEHO1 ITiBKH 2.05, pocTy ii TOBIIMHM MIPU
ompoMiHeHHI Ha 18 HM, ¢GopMyBaHHSIM TEPEXiAHOTO Iapy 3 MOKA3HUKOM
3ajomiieHHs 2.4 1 po3mipom 10 HM (puc. 2) .

[Tin yac eKCIOHYBaHHsS XaJIbKOTCHIIHOT ILIBKH As;S3 (N CBOKOHAIMMIICHOT
wiBkd 2.3) BiAOyBaeThcsl (POTO3aTEMHEHHsI 1 Kpail TOTJIMHAHHS 3CYBA€TbCAd B
00J1acTh AOBrUX XBWiIb. [Ipu 11bOMy po3Max KOJIMBaHb 3MEHIIYEThCS. Binomo, 1o mija
yac OMNPOMIHEHHS IUTIBKM Ha 11 MOBEpPXHI (OPMYETHCS MHUII IKO30araueHui
NPUMOBEPXHEBUNM IIap 3 OUIBIIMM MOKAa3HUKOM 3aJIOMJICHHS. [l TOpIBHSHHSA
MOJIETIbHUX 1 €KCTIEPUMEHTAIHUX JaHUX HAMH B3ATHUH CHEKTPaJbHUHN Jiama3oH Bil
500 o 750 M. Byaemo nmoyeproBo BBOAUTH MapaMeTpH 1 JOCIIKYBATH iX BIUIMB Ha
CHEKTpaJbHI XapaKTEPUCTHUKU OMPOMIHEHOI IUIIBKHM, 3BEPTAIOYHM OCOOJIMBY yBary Ha
JIBa MTOKa3HMUKA, SIK1 NOTPIOHO JOCSATHYTH:

1)  3MeHIIEHHS pOo3Maxy KOJHUBaHHSI;
2)  3CyB MakCMMyMiB B 00J1aCTh JOBTUX XBUJIb.

0.8

0.4 1 1 1
400 500 600 700 800

A, HM

Puc. 3. ChexkTpajibHi  XapakTEpPUCTHKU TUNBKA  ASpSz TpU  HAsBHOCTI
npuroBepxHeBoro mapy, am: 1 —0; 2 — 40; 3 — 80; 4 — 120.

[IpomMoaentoeMo BILJIUB MPUIIOBEPXHEBOTO APy 3 MOKA3HUKOM 3aJIOMJICHHS
2.4 Ha cnieKTpasbHI XapaKTePUCTUKU, 3MIHIOIOYH HOTO PO3MIP 3 HEBEJIMKUM KPOKOM.
[Tokasnuk 3amomiieHHs 2.4 TMPUIHATUN PIBHUM IMOKA3HUKY 3aJJOMJICHHSI 00’ €MHOTO
ckia . Sk BugHO 3 puc.3, 3 POCTOM MPHUIIOBEPXHEBOI O00JACTI TMOJOKEHHS
MAaKCUMYMIB 1 MIHIMyMIB 3/1MCHIOIOTh HE3HAYHI KOJIMBHI PyXW BBepX-BHU3. [lpu
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[OMY CIOCTEPIra€TbCsl HE3HAYHUI 3CYyB MaKCUMyMIB B O0JIaCTh JOBI'MX XBUJb. [3
POCTOM 4acy ONMPOMIHEHHS OUYIKYBaJIOCh 301IbIIIEHHS MIPUIIOBEPXHEBOI obJacTi Bija ()
o 300 um. 3 kpokoM 1 HM, OyiauM TpPOBEAEHI PO3PAXYHKH CHEKTPATbHUX
XapaKTEPUCTHK TUTIBOK AsSS3. OepikaHi pe3ysbTaTh 03BOJISIOTh CTBEPIKYBAaTH:

TBepaxenns 1. 30UTbIICHHS 4Yacy €KCHOHYBaHHS TUTIBKA ASyS3 MPHU3BOAUTH [0
3pOCTaHHS PO3MIPY IMPHUIMOBEPXHEBOI 00JIACTI, MOKA3HUK 3aJOMJICHHS SKO1 OlTBIIHM,
HIXK Y IICHTPaIbHIN YaCTHHI IUTIBKH.

3 iHmoro 00Ky, SIK BUAHO 3 PHUC. 3, HAsBHICTh MPUIIOBEPXHEBOIO IIApy HE
NPU3BOAUTH 10 3MEHIIEHHS po3Maxy KoJIMBaHHsS. BilMoBiHO, MOTPIOHO BKIIOUUTH
JOJIATKOBHI TapamMeTp B MOJIEb, fKa IIOBUHHA BKJIIOYATH MEPEeXiTHUN IIap.
Buxoasum 3 BiTOMHX €KCIIEPUMEHTAIBHUX JAHHX, 1€ PICT TEOMETPUIHOI TOBIIHHH
IUTIBKU. Bumajgok, KoOMM TreoMEeTpHuYHI pO3MIPU IUIIBKM TPU  EKCIIOHYBaHHI
3MEHIIYEThCS, OyJIO BIAKMHYTE, OCKUIBKM Y TAKOMY BHIIQJIKy BIIOYBaBCS CYTTE€BHIA
3CYB B 00J1aCTh KOPOTKUX XBHJIb.

3pocTaHHsl TOBIIMHM IUTIBKM HaBiTh Ha BenuuuHy 1/10 Big po3mipis
MIPUTIOBEPXHEBOI 00JIACTI MPU3BOIUTH J0 OUIBII CYyTTEBOTO 3CYyBY B 00JIACTh JIOBIUX
XBWJIb, HDK TUIBKM HasBHICTh MPUIIOBEPXHEBOI oOmacti. OJHAK, OJEpKaBIIH
JOCTaTHIA 3CyB B 00JlacTh JOBIMX XBWJIb, BCE€ OJJHO OCHOBHHMM HEJOJIIKOM
PO3TISAYBaHOT MOAEN 3aIMINATIOCh T€, IO PO3MaxX KOJMBAaHHSA HE 3MEHIIYBaBCS.
Bunanok, Koau po3mip IUTIBKM MPU €KCIIOHYBAaHHI 3MEHIIYEThCS, OYJI0 BIAKUHYTE,
OCKIJIbKH Y TAKOMY BUIAJIKy B1AOYBaBCs CyTTEBUM 3CYB B 0071aCTh KOPOTKHX XBHUJIb.

3pocTaHHsl TOBIIMHM TUTIBKM HaBiTh Ha BenmuuHy 1/10 Big po3mipis
MIPUTIOBEPXHEBOI 00JIACTI MIPU3BOJUTH J0 OUIBIII CYTTEBOTO 3CYyBY B 00JaCTh JIOBTUX
XBWJIb, HDK TUIBKM HasSBHICTh MPUIIOBEPXHEBOI oOmacti. OMHAK, OJEp’KaBIIH
JOCTaTHIA 3CyB B 00JlacTh JOBTMX XBHJIb, BCE€ OJJHO OCHOBHHUM HEIOJIIKOM
PO3TISAYBAHOT MOJIENI 3AMINANIOCH T€, 10 PO3MaxX KOJWUBAHHSA HE 3MEHIIYBaBCS. Y
3B’SI3Ky 3 LIMM, B MOJ€lb MOTPIOHO BBECTH AOJATKOBUK mapameTrp. Tomy OKpiM
MPUIIOBEPXHEBOT0, OYJIO BBEJICHO 11I€ 1 MEPEX1AHUI 1Iap, SIKUi 3HAXOUTHCS Ha MEXK1
TTiBKa-TIAKIaanHKa. [loka3sHUK 3aioMiIeHHS 11i€i 00jacTi He MOoXKe OyTH OUIBIIHM,
HDK IMOKa3HUK 3JIOMJICHHS IUTIBKH 1O JIBOM mpuuuHaM. [lo-mepie, Mmoxke BinOyTucs
30UTBIIIEHHS TTOKA3HHUKA 3aJIOMJICHHS TTPUTIOBEPXHEBOI 00JIaCTi 32 paxXyHOK B1JOMOTO
SBUINA Mac-TpaHcmopty. I[lo-mpyre, yxe 3 TO3UWII MOJETIOBAaHHSA CIEKTPIB
MpOIMyCKaHHS MOXKHa CKaszaTd, [0 30UTbIIECHHS TOKa3HWKA 3aJIOMJICHHs Oyje
MPU3BOAUTH 1O 3OUIBIICHHS pPO3Maxy KOJIMBaHHS. BiAMmoBigHO, TOKa3HUK
3JIOMJICHHSI TIEPEX1/IHOI 00J1acTi MOXe OyTH JIMIIE MEHIITUM MOKa3HUKA 3aJIOMJICHHS
IEHTPAJIbHOI YACTUHU TUTIBKHU. [ mpoBeAeHHS 0OYMCIIOBAIILHOTO E€KCIIEPUMEHTY
OyJ10 B35TO 3HAYEHHS TOKA3HUKA 3aJIOMJICHHS TIepeX1HO1 00acTi piBHe 2.2.

[Ticnst mpoBeneHHs] OOUHUCIIIOBATIFHOTO €KCIIEPUMEHTY MOKHA 3aKITFOUUTH:
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TBepmxenns 2. [{ns mumiBku AsyS3 301IbIIIEHHS i1 pO3MIPIB, HAABHICTH MEPEXigHOT
IIPUIIOBEPXHEBOI 00J1aCTI 3 TOKa3HUKOM 3aJOMJICHHS OUIBIIMM Ta oO0JjacTi 3
MOKa3HUKOM 3aJIOMJICHHS MEHIIMM, HIK B IEHTPaJbHIM YacTHHI IUTIBKH, IO
OB’ SI3aHE 3 TPUBAIMM €KCITOHYBAHHSM, IPUBOIUTH JI0 3MEHIIIEHHS PO3MIPY PO3Maxy
KOJIMBaHHSI.

Byno BukopucTaHo IS MOIIYKY ONTUMAJIbHUX MapaMeTpiB II€l 3a7a4ul METO
Xyka-J[xuBca. IlounmHaroun 3 BHIIAAKOBO BHOpaHOi 0a3ucHOI TOUYkH, OyaeMo
BUKOHYBATH CEPit0 “TIPOOHUX PYXIB”: PO3IIAAAIOTHCS BAAI B PO3YMIHHI 3MEHIIICHHSI
JTbOBO1 PYHKIIIT KPOKU MO KOOPJUHATHUM HAIPSIMKAM.

d s
A
2 IPHI OBEpPXHEBa
v oQnacre
A 4
A |
|
df HeHTpajbHa :
oQnacrb |
|
v [
d nepexigHa :
4 oQmacrs : |
>
2.2 23 24 n

Puc. 4. Monenb-po3B’sI30K  pO3TJSAYBaHOI 3a7adi  pO3Mi3HABAHHS MPOdLIIO
MOKAa3HUKA 3aJIOMJICHHSI OMIPOMIHEHOT TUTiBKU AS,S3.

[licns mpoBeAeHHS PO3paxXyHKIB OyJ0 OTPMMAaHO Taki KBa3l0NTUMAabHI
3HAYeHHs IIyKaHuX mapameTpis (puc. 4): dv = 20 uM, dp = 30 M, Ad = 8 HM, sKi
JO3BOJISIIOTH  BIATBOPIOBATH  €KCIEPUMEHTANbHI  CHEKTPalbHI  XapaKTEPUCTUKH
OTPOMIHEHHUX MPOTATOM S5 XB. IIBOK AS»Sz. JI7s BIATBOPEHHS CHEKTpPaIbHUX
XapaKTEPUCTHUK TUTIBKU, OMPOMIHEHOI mpoTarom 10 XB., 3HaYEHHS WX MapaMeTpiB
nacrynui: dv =~ 120 HM, dp = 60 HM, Ad ~ 12 HM. To6TO OXHHM 3 BapiaHTIB s
BUOpaHOi TOBIIMHHM TUTIBKH MOe OyTH pO3Mip MPUITOBEPXHEBOI 00JACTI MIPUOIU3HO
120 HM 3 TIOKa3HUKOM 3aJIOMJICHHS 2.4, po3Mmip mepexigHoi oOiacTi MpuOIU3HO
60 aM 3 mokazHUKOM 3amomiieHHsS 2.2 (puc. 4). 3pocTaHHS TOBIIMHU TUTIBKU TICIIS
€KCIIOHYBaHHS MPH LIbOMY IPUOJIU3HO piBHE 12 HM.
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I3OMEPHI BIZTHOILEHHSA Y PEAKIII *2Sb(y,5n) 16m9Sh

B.LBepect!, O.A.besmuiiko!, O.M.Boain?|, JI.O.I'oninka-Besmmiiko?, I.M.Kanenko?,
K.O.Kpsuox!, B.A.Kymmnip?, B.B.Mitpouenko?, C.M.Omiitauk?, C.A Ilepexorin?,
C.Vallerand®

YKuiscoxuti nayionanonuii ynieepcumem imeni Tapaca Illesuenxa, Kuie
2HIIK “Ipuckopiosay” HHI] XTI HAH Yxpainu, Xapxie
3Laboratoire de I'Accélérateur Linéaire (LAL), Orsay, France
e-mail: lyalkagb@gmail.com

Metoa 130MEpHHMX BIJHOIIEHb - OJWH 13 HAWMOTYXHIMIMX 1 METOJUYHO
NPOCTUX METOJIB JJI JIOCHIIPKEHHS XapaKTePUCTUK CTPYKTYpPHU siipa Ta MEXaHI3MIB
aepHUX peakiii. JlaHuii MeToa IIMPOKO BUKOPUCTOBYETHCS IS JTOCIIIKECHHS
MIPOJIYKTIB PEAKIlii 3 BAXKKUMHU 10HAMH, CIIOHTAHHOTO TMOUTY, peakiii Goronoainy,
doTosnepuux peaxuiit ¥") i3 3aceneHHsM JUCKPETHUX PIBHIB.

BukopucTanHs BUCOKOCHEPTETUYHUX raMMa-KBaHTIB K HAIITAIOYMX YACTUHOK
B SAJIEPHUX PEAKI[ISX Ma€ JIedKl 1ICTOTHI MepeBaru Jjisi BUBYEHHS JIEPHOI CTPYKTypHU
Ta MEXaHI3MIB SJEpHUX peakuii. B eHeprii 30y/pKeHHS CKJIAIEHOTO siApa BIACYTHS
EHEpris 3B’SA3Ky HATNITAI0Y0i YAaCTUHKH, TaMMa-KBAaHTH HE BHOCSATH BEIIUKOTO
KyTOBOI'O MOMEHTY B si/ipo. HasBHICTh MPUCKOPIOBAYiB 3 PEryJIbOBAHOIO EHEPTIEI0
raMMa KBaHTIB J]Ja€ MOXJIMBICTb JIJIsl POBEJICHHS TAaKUX JOCJI1I>KECHb.

Came 3aBASIKM OCTaHHIA OCOOJIMBOCTI YK€ ACTAIBHO JOCTIHKEHO Alana3oH
€HEeprid B OKOJI TIraHTChbKOro aumnoiabHoro pezoHancy (I'/IP) ta B obGnacti enepriii
BHILIE TIOPOTY yTBOpeHHs MioHIB. HatomicTe obOnacte enepriii Bix 30 go 100 MeB
JOCIiKeHa Ha0araTo MEHIEe, B OCHOBHOMY 4Yepe3 Te, 10 3HA4YCeHHs Iepepi3iB B
IIbOMY JIiana3oHi Jy)Ke Mayli 1 IHTGHCHUBHUX JDKEpesl TaMMa-KBaHTIB 3 MOKJIMBUM
TJIAaBHUM PETYIIIOBAHHSIM €Heprii He Tak Oararo.

VY pamkax 1i€i poOOTH MPOBENECHO BUMIPIOBAHHS 130MEPHHUX BITHOIICHD IS
agpa ™ISk mo e nmpoxykTom Qorosmeproi peakuii (y,5n) Ha *2!Sh. Onpominenns
MPOBOJIUJIOCS TaMMa-KBaHTaMU TaJbMIBHOTO CIIEKTpa 3 TPAHUYHOIO EHEPTi€0 0
74.8 MeB. [IxepenoM raMMa-KBaHTIB CIYT'yBaB IMpHUCKoproBau enektponiB JIVE-40
HAK «IpuckoproBauy HHI[ X®TI. T'anpmiBHa MillleHb MpeACTaBIsIa COOOIO
TaHTAJIOBY IUIACTUHY, TOBIIMHOW 1,05 MmMm. Jlnsg BuMiproBaHHS HaBEJICHOI
Y-aKTHUBHOCTI 3pa3KiB BUKOPUCTOBYBABCS CIIEKTPOMETP Ha 0asi
HamiBnpoBigHukoBoro HPGe-nerekropa 3 BinHOCHOWO edektuBHIcTIO 20% 1
EHEPreTUYHOI0 PO3AiIBHOIO 31aTHicTIO 1,9 keB ms y-minii 1332 keB °Co.

B po0oTi 130MepHE BIJHOILIECHHS PO3pPaxOBYBaJOCh SIK BIJIHOIICHHS BUXOIY
peaxinii 3 yTBOPEHHSIM KIiHIIEBOTO si/ipa y CTaHl 3 BUIIUM CIIHOM J0 BUXOJy PEaKIlii 3

H

. . . Y .
YTBOPCHHAM KIHIOCBOI'O sAApa y CTaHl 3 HWXYHM CIIIHOM D= Y— . OckinpKH
L

MeTacTabinpHuii cTal sapa 1%M9Sh mae cnin Ta mapHicTh — 87, a OCHOBHHUIA CTaH Mae
cmin Ta mapHicte — 3%, To mis mpoxykry peakuii 21Sb(y,5n)eMISh izomepne
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BIIHOIIICHHS] BU3HAYAETHCS SIK BIIHOIIECHHS BUXOJIy METACTa0IILHOTO CTaHY SApa 10
OCHOBHOTO.

[IpoBeaeHO MOPIBHIHHS OTPUMAHOTO 130MEPHOTO BIAHOILIEHHS JJisi MPOAYKTIB
peakuii '?'Sh(y,5n)'MISh 3 excnepuMeHTANBHMMM JAHUMHU JUIsS 1€l peakiii,
B3sTUMU 3 0a3u nanux EXFOR [1], Ta pesynbraTamu po3paxyHkiB mjig 6 Mojenei,
Kl BUKOHAaHO 3 BUKopucTaHHsM konxy TALYS [2]. ExcnepumeHTanbHe 3HAYCHHS

700pe y3ro/KY€EThCS 3 JaHUMH 3 0a3u JaHuX [1] Ta TCOPETUYHMMHU PO3paxyHKaMH
(muB. Puc. 1).

Yul Yo
1.0
0.5-
e
0.0-
T T T T N T T T N T T 1
40 50 60 70 80 90 100
E, MeV

Puc. 1. Banexuocti Yw(E,)/YL(E,) Bin MakcuManbHOi eHeprii Y-KBaHTIB LIS
rabMiBHOTO CIIEKTPA Ta PO3PAXOBAaHUX 3 BUKOpHCTaHHAM kony TALYS mna 116M9Sh
npoxykry peakuii 2Sb(y,5n)1eMISh. Cyuineni koma — maHi, oTpEMaHi aBTOpOM,
MOPOXKHE — JaHi, B3ATI 3 [1], KOMBOPOBI JiHII — po3paxyHKH mjsi 6 mojenen 3
BUKOpUCTaHHAM kKoxy TALYS.

HaykoBa po6ora aBTopiB 3 KHiBCHKOro HaI[lOHAJIBHOTO YHIBEPCHTETY IMEHI1
Tapaca IlleBuenka 1 LAL mnpoBoauiacs B pamMKax MIKHAPOJHOI AacolLiioBaHOi
naboparopii LIA IDEATE.

[1] [Enextponnuii’ pecypc]: Experimental Nuclear Reaction Data /

https://www.nndc.bnl.gov/exfor/exfor.htm
[2] A.J. Koning, S. Hilaire, M.C. Duijvestijn. AIP Conf. Proc. 769, 1154.
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BIIJIUB TEMIIEPATYPHU CIIIKAHHSA HA EJIEKTPUYHY NPOBIAHICTD
KEPAMIKMH 3 ZnO

€.M.Ocrposepx?, JI.J1. Koanenko?, A.B.Camenrok?, M.M.BpuueBchkuiil,
H.O.JIucynenxo?, O.J].Bacunses?, A.C.Octposepx?

Ynemumym npo6aem mamepianosnascmea im. I.M. @panyesuya HAH Yrpainu, Kuie
2 [ncmumym 3a2anvHoi ma neopaaniunoi ximii im. B.1. Bepnaocvbkozo
HAH Ykpainu, Kuis
e-mail: anna.ostroverkh84@gmail.com

Po3BUTOK BOAHEBOI EHEPreTUKW MOTPeOye BIPOBADKEHHS IIUPOKOTO
BUKOPUCTaHHA Hale(eKTUBHIIIOTO TMepeTBOpIOBaYa €HEprii, a caMe MaIuBHOI
koMmipku (I1K).

Cepen posmaitts 1K kepamiuni nanusHi koMipku (KIIK) 3 TBepmrookcumnum
KepaMiYHUM €JIEKTPOJIITOM BITHOCSATh /O Hale(EeKTUBHIIIUX IEePETBOPIOBAYIB
eHeprii, ajge MmopiBHSHO BHcOka poboua Temmeparypa (600-900 °C) ymnoBiuibHIOE
IIMPOKE BIPOBAKEHHS EHEPIeTUYHUX CUCTEM Ha IXH1M OCHOBI.

B po6GoTi mpoBeneHo IOCHIKEHHS €JIEKTPOINPOBIIHOCTI OKCHJI-LIMHKOBOT
KepaMiKd y BHUIIIAAI AuckiB js 3actocyBanHs B KIIK B sxocti enekrpomity [1].
3pa3ku KepaMikd JiaMeTpoM 15 MM 1 TOBUIMHOIO 2 MM OJEP>KYBaJM OJHOBICHUM
npecyBaHHsM Tipu TuckoBi ~30 MIla 3 momampmuM CroikaHHIM B iHTEpBai
temrepatyp 800 — 1250 °C 31 mBuakictio HarpiBy 200 rpaa/roa Ta 3 130T€PMIYHOIO
BUTPUMKOIO 2 To7 y nosiTpsHii neui VMK 1600, Linn High Therm (Himeuunna) 6e3
No/laBaHHs Oy/Ab-sIKMX JIOMILIOK, sIKI O BIUIMBAJIM Ha CIIKaHHA. Bylo BHKOpHCTaHO
JIBa TUIIM HAHOTMOPOILIKY Pi3HO1 po3MipHOCTI Ta unctoTu: Tin I ta Tun II. Ilopomok
TUmy | MICTUTH MPaKTUYHO BABIYl MEHIIl 32 PO3MIPOM YACTHHKH 1 BIIJIOMY 3HAYHO
yuCTIMK 3a nopowok tuny II. Hali01apmmmu 3a BMICTOM AOMIIIKAMHU Y MOPOIIKY
tuny I € Cd, Ni ta S, a y nopomiky II Tuny - myxHi meranu Ca, Na ta Pb.

JlaH1 11010 eNEeKTPUYHOI MPOBIAHOCTI 000X ZnO KepaMiK, CIIEUEHUX 3a PI3HUX
TeMIlepaTyp, MpPEACTaBlieHI Ha puc. | B KoOpAMHATaX pIBHAHHS AppeHiyca.
3a3Buyai, 111 3aJeKHOCTI € JIHIMHUMU B JIOBOJI IIMPOKUX 1HTEpBajIax TEMIIEpaTyp.
Tomy wMeTOOMYHO [OBOJII JIETKO MOHA BHUPAXOBYBaTH CHEPril0 aKTHBAIi
TEPMOAKTUBOBAHUX MPOIECIB, SKUMH 1 € audy3is WOHIB KUCHIO Ta EJIEKTPOHIB y
OKCHJTHUX KepaMiKax.

[TopiBHIOIOUH ZnO KepaMiKd 000X THIIIB 3a3HAYMMO, IO MPOBIAHICTH ZnO
KepaMiKu 3 TOpomiKy tumy | € naemo Bumioro, Hix kepamiku tumy II. ZnO kepamika
tuny I, cnedena npu 1200 °C, pocsirae cBO€l MakCMMallbHOT MPOBIJTHOCTI BXKe MPHU
TemmepaTypi BunpoOyBanHs 265 °C, ne BoHa craHoBuUTh 8,54:10° Cm/cm. ZnO
kepamika tuny Il moka3ye cBOO MakCHUMalbHY MPOBIAHICTH, SIKA CTAHOBHUTH JIMIIE
1,6:10° Cm/cM, ipu 3HauHO BMIIii Temmeparypi, a came mpu 600 °C, ane Oymayum
CIIEUEHOIO0 MPHU 3HAYHO HIDK41M TemmnepaTypi — npu 1000°C.
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Puc. 1. Enextpuuna npoBigHIcTb 3pa3kiB ZnO kepamiku tuny I ta tumy I, cieyennx
IIpH PI3HUX TeMIlepaTypax (BKa3aHi 3Bepxy) [2].

Ha npeacraBnennx Ha puc. 1 KpuBUX €NeKTPUYHOI poBiAHOCTI ZnO Kepamiku
MPOCIIIKOBYETHCSl CKJIaJIHA TOBEMIHKA, KA 3aJIeKUTh BiJI TEMIEpPAaTypH CIIKaHHS,
o BiAMoBigae 3a (GopMyBaHHS CTPYKTYpHU Marepiaidy, TOMY MOTpIOHE peTelibHe
BUBYCHHS OyJOBM KepaMiKd 1 BIUIMB Ha CKJIaAoBl i mpoigHocTi. Kpim TorO,
BOXJIMBUM TapaMETPOM BIUIMBY Ha €JNEKTPUYHY MPOBIAHICT OKCHA-IIMHKOBOT
KEepaMiKH € THCK TIpu (opMyBaHH1 3pa3KiB.

[1] Chen Xia, Zheng Qiao, Chu Feng, Jung-Sik Kim, Baoyuan Wangand Bin Zhu,
Study on Zinc Oxide-Based Electrolytes in Low-Temperature Solid Oxide Fuel
Cells, Materials 11, 40 (2018).

[2] € M. Octposepx, 1.O. Ilomimko, J[.M. BbpoanikoBcekuii, JI.JI. Kopayenko,
A.B. Camemok, O.J[. BacunweB, A.C. OctpoBepx, MexaHiuyHa MOBEJIIHKA Ta
CJIEKTPUYHA MPOBITHICTh OKCHI-ITMHKOBOT Kepamiku, UM 1, 14 (2020).
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KATAJITUYHUM AP BOJHEBOI ITAJTUBHOI KOMIPKH

A.C.Octposepx?, M.Jly6ay?, € M.Octposepx?

Ynemumym npo6aem mamepianosnascmea im. I.M. @panyesuya HAH Yrpainu, Kuie
2Kapnie ynisepcumem, Ilpaza
e-mail: anna.ostroverkh84@gmail.com

Ha mexi XXI croniTrst mpoOieMu CroXUBaHHS PECYPCIB TUIAHETH CTAHOBJISITh
3arpo3y camMoOMy ICHYBAaHHIO JIIOJMHU. 32 YMOB 3pOCTAl04Oro CHOKMBaHHS €HEprii
nepexiyi Ha «BOJHEBY EHEPreTUKY» 1, BIJIMOBIAHO, Ha «BOJHEBY EKOHOMIKY» €
HEMUHYYUM JJs BWXKHUBAHHS JIIOJWHU, OCKUIBKM JIMINE TEXHOJIOTi, $KI He
3a0pyIHIOIOTh JOBKULISA, AAIOTh IIAHC JIIOACTBY 1 €KOCHUCTEMI IJIaHETH 3eMJysl Ha
ICHYBaHHS.

OTpumanHs eHeprii 3 TEPETBOPEHHS BOJHEBOTO TMajlBa  JIO3BOJISIE
3a/I0BOJIBHUTH BEJIMYE3H1 cydacH1 Ta MallOyTHI eHepreTuyHi notpedu. CTaHOBICHHS
BOJIHEBOI €pH, 3aCHOBAHOI Ha BUKOPHUCTAHHI BOJIHIO Ta CIOIYK, SIKI MICTSTh BOJCHD,
JUIsl OTpUMaHHS €Heprii 1 3a0e3ledeHHs HE YCIX MoTped, € MepIIoYeproBUM
3aBaaHHsAM. ToMy po3poOKa, onTumizalis 1 BApOOHUIITBO naiuBHO-KoMipuaHux (1K)
OPUCTPOIB 3 BHUKOPUCTAHHSIM BOJHIO Ta BHUPOOHMUILITBO CaMOro BOJHIO €
NEPLIIOYEPTrOBUM 3aBJAHHAM JIOCHIHUKIB IIOJ0 IIMPOKOTO 3alpPOBAKEHHS X Y
noBcskaeHHs. Cepuem tunoBoi [IK 3 momiMepHUM eneKTpoJiTOM € MeMOpaHHUN
KOMILJIEKC, SIKMM CKJIAJa€eTbcsl 3 MEMOpaHU MOJIMEPHOIO EJEKTPOdITY Ta JBOX
eNeKTpoaiB (aHoA Ta Karonx). EnekTpoxiMiuHi peakuii BiAOyBalOTbCS B
npuMeMOpaHHiii o6nacti B 00’emi kartamituuHoro mmapy (KII), skuit pasom 3
MIKpOIIOPYBAaTUM IIIapOM Ta Ta3zoaudy3iiHiM mapoMm ¢opmyroTs enektpon [1K.
3okpema, KIII mae ToHKI TpudaszHi Mexi, 1€ BIA0OYBalOThCA €IEKTPOXIMIUHI PEaKIii.
Kosxen KIII cknagaeTrbest 3 e1eKTponpoBIHOI a3y KaTanizaTopa, HOHHO-IPOBIIHOI
MOJTIMEP-EJIEKTPOJIITHOT (ha3u Ta MOPHUCTOI (Ha3u TPAHCTIOPTYBAHHS PEAreHTY.

Crannaptauit KIII oTpumyeTbest 3 KaTadiTUYHUX YOPHWI, OCHOBOIO SIKUX €
KaTaJITHYHUN MaTepiall Ta KOMIOHEHT enekTpoiity. Hampukman, ana [IK 3
MOJIIMEPHUM €JIEKTPOJIITOM, KAaTAIITUYHUNA Marepiaa - 1€ HaHOYAaCTUHKH Pt 4m
HaHOYAaCTHHKU Pt Ha ByrneneBoMy Hocli. J[nsi mocsrHeHHs cTaOUIBHOTO Mepediry
OKHCHO-BIJTHOBHUX peakiiii y poOounx (JAEMOHCTpAIIHHUX) EJIEeKTPOXIMIYHHUX
IPHUCTPOSX KiIbKICTh IUIATUHU CTAHOBUTEH 1-4 Mr cM™ Ha KOXHOMY 3 enexTponis 11K,
B HaykoBHX JOCHIIKEHHSX, OCOOJIMBO B TeCTaxX Ha cTaOuIbHICTH podoTu 1K, BMicT
mnatuau ckaagae Big 0,4 -0,8 mr cm? i Ginpme. KII gns nomimepnoi TIK e
riApoQIILHUM 1IAPOM, OCKUIBKM MICTHTh KOMIIOHEHT MoJiiMepHOi MeMOpaHu. [
BU3HAYCHHS KIHETHMKM Ta MEXaHI3MiB OKMCHO-BiAHOBHMX peakuiil IIK y peanbHux
YyMOBaxX €JIEKTPOXIMIYHOTO TIEPETBOPEHHS [JIsi TOAAJIBIIOI ONTHUMI3allii BMICTY
KaTaJITUYHOTO Marepiany (IJIaTUHU) NOTPIOHO BHU3HAYMTH MIHIMAJbHO HEOOXIIHY
KUIBKICTh IILOTO MaTepiany, sika 3abe3neuye ctabiibHy nmoTyxHIicTh [IK Ha piBHI 3
xoMmepuiiino HaseHumu IIK (BmicT mnatmam crtaHoButh Bin 0,4 Mmr cm?). Ha
TenepilHid yac OUIbIIICTh PIllIeHb, MOB’SI3aHUX 31 3HMKEHHSM BMICTY IUIATHUHU B
peanpHux ymoBax IIK, opienToBani Ha Takux mocmimkeHHsx KIII: 30inbmieHHs
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KUTBKOCT1 BYTJICIIEBOTO HOCISl, BHECEHHS JOJATKOBHUX TiApo(oOHUX/TiapodiabHUX
KOMITOHEHTIB, 3MiHa PO3MIPHOCTI KaTaJiTHMHOTO MaTepiaay 1 HOCis Ta 6araTo 1HIIUX.
Ha xanp, Takli MJOCHIIKEHHS JOCI HE BHUPINIYIOTh MHUTaHHA 3a0€3IMeUeHHs
e(eKTUBHOrO Tepediry OKMCHO-BITHOBHMUX peakiii Ha enekrponax [IK 3 HU3bKHUM
BMICTOM IUIATMHH. 3a JaHUMU AMepHKaHChbKOro eHepretuuHoro arenrcrsa DOE,
BIJICOTOK KaTamiTHyHO akTuBHOI ruiatuHU B KIII cranoButh < 50%. Ha puc. l.a
cxematnuHo mnpezactaBieHo KIII, skuii ckiagaeTbcss 3 MIATUHOBUX YacCTUHOK Ha
BYTJIEIIEBOMY HOCII, Ta cxemMaTtu4Ho BimoOpaxeno KIII B peanpHux ymoBax IIK
(puc. 1.6, B), KOMM KITBKICTh KATAJIITHYHO AaKTUBHOTO MaTepialy 3HAYHO
3MeHInyeTbesl. CralibHEe eNEeKTpOXiMiuyHEe TMepeTBopeHHs Ha enekTtpoaax [IK
3a0e3MevyyeThCsl MOCTINHUM MepeOiroM HamiBKOMIPYaHUX OKMCHO-BITHOBHHUX PEAKIIii,
MMOYATOK SIKUX B1IOYBAETHCS HA MOBEPXHI KATAIITUYHOTO MaTepiary MpHu MOCTIHHOMY
Bi/[BEJICHHI NPOTOHIB Ta ENEKTPOHIB 10 mojimepHoro enekrponiry (Nafion™) Ta
€JIEKTPOHHOTO TMPOBIJIHUKA BIAMOBIAHO (YAaCTUHKHM BYTJIEN0). ToMy KaTajmiTUYHO
aKTUBHA TUIATMHU BUJUICHA >KOBTUM KOJIbOPOM, 1 BIJAMOBITHO KOPUYHEBUM —
MJIaTUHA, SIKa HE BHOCUTH BKJIAJ B €(EKTUBHICTH €JIEKTPOXIMIYHOTO MEPETBOPEHHS

Puc. 1. Cxemarnune 300paxkeHHs KataimituuHoro tmapy IIK: karamituyHO
akTuBHa Pt (okoBTHI KoOmip), HeakTuBHa Pt (kopuuHeBUi Kouip), Byrjiens (cipuid
KoJip), nomiMepHuii kommnonent (Nafion™).

3MiHa BMICTY OJHOTO 3 KOMIIOHEHTIB YW JOJABaHHS IHIIOTO CTPYKTYpPHO
3miHioe Bech KIII, tomy mocmimxenHs npoueciB [IK B ymMoBax HHM3bKOro BMICTY
KaTaJiTHYHO-aKTUBHOTO MaTtepialy CTaHOBUTH CKIIQJHE 3aBHaHHSA 3 Oararbma
HEBI1JJOMUMHU.

Jlist 3a0e3neueHHs KiJIbKICHOTO JIOCHIIPKEHHS Ta OLIHIOBaHHA €(EeKTUBHOCTI
EJIEKTPOXIMIYHOTO TEPETBOPEHHS HEOOXIHO OTpuUMaTH e(PEKTUBHUN mepeoir
EJIEKTPOIHUX TPOIIECIB, TOOTO OTPUMATH BUCOKE 3HAYCHHS MUTOMOI MOTYKHOCTI B
peansuux ymoBax IIK - Bim 0,1 Bt cm? Tomy nNOTpiOHO 30CEpeMTHCH Ha
KoMIiekcHOMY aochipkerHi [1K Biiomy, 30kpeMa oTpuMaTi pO3BUHEHY MTOBEPXHIO
cyoctparty s HanecenHs K 3 mmatuaum. [Ipu iboMy BUMOTH 10 MaTepiary caMoro
cyOcTpaTy MOBHWHHI BIJMOBIJIATH BJIACTUBOCTSAM EJIEKTPUYHOI Ta, 3a HEOOX1THOCTI,
MIPOTOHHOT MPOBITHOCTI BiAMOBITHO [1].

[1] A. Ostroverkh et al., International Journal of Hydrogen Energy 44, 35 (2018).
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PO3PAXYHOK HEPEPI3IB IBOEJIEKTPOHHOI'O 3AXOIIJIEHHSA
ITPU 3ITKHEHHI ATOMIB I'EJITIO 3 AJIb®A-HACTUHKAMUAX
B PAMKAX CDW-METOHY

B.B. Anekciii, B.1O. Jlazyp, C.I. Muranuna

JIBH3 « Yaceopodcwvkuil Hayionanvuuil yHigepcumemy, Yoceopoo
e-mail: vitaliy.aleksiy@uzhnu.edu.ua

®i3uyHi  0COOIMBOCTI TMPOILECIB PO3CIIOBAHHS AaTOMHUX YacCTHHOK TpHU
MPOMDKHUX €HEprisiX 3yMOBJIEHI CUJIBHUM CHOTBOPEHHSIM E€JIEKTPOHHHX XBUIIBOBHX
GyHKIIM BHACTIAOK HASBHOCTI JAJEKOAII0YOI KYJIOHIBCHKOI B3a€EMOMIT MIXK
YaCTUHKAMM, B pe3yJIbTaTl SIKOi peanbHI MEPEeXOAH EJIEKTPOHIB 3 MOYaTKOBOTO B
KIHIIEBUI CTaH CYNPOBOKYIOTHCS MACOIO 1HIIUX, BIPTYaJIbHUX, IEPEXO/IIB.

Hns ommcy mux coernudiyHUX OCOOJIMBOCTEM KYJIOHIBCHKOI B3a€MOJIT
BUKOPUCTOBYIOTh pI3HI HaOJMKEHI BaplaHTH WIPEIIHrepiBCHKOro (opmalizmy,
HANOUTBII MOMYJISIPHUAM 3 SIKUX € METOJI CIIOTBOPEHUX XBWJIb HETIEPEPBHOTO CIIEKTPY
(CDW) [1, 2]. BukopuctaHHs BKa3aHOTO METOJYy B 3ajayax OJHOEJICKTPOHHOI
10H13alli 1 OJTHOEJEKTPOHHOI Mepe3apsAaKd MPU3BOJIUTH 10 XOPOILIOTO Y3TOJKEHHS
TEOpii 3 EKCHEPUMEHTAIbHUMHM JaHUMH TpPU BETUKUX 1 CEpeAHIX BIJIHOCHUX
mBuakocTax [3]. Yemimnae 3actocyBanass CDW-merony 0arato B oMy OB SI3aHO 3
MpaBUJILHUM BpaxyBaHHSIM KYJIOHIBCHBKHX ACHMIOTOTUYHUX YMOB B 000X KaHamax
peaxiiii.

VYcnixu, TOCATHYTI Yy BUBYEHHI OJHOEJIEKTPOHHHMX IMPOLIECIB Mepe3apsikKu Ta
ioHizauii Ha ocHoBl CDW-metony [1, 4], cnoHykaiu Hac po3poOHUTH
HIPEIIHrepiBCKU  opMaizM METOAYy CHOTBOPEHHUX XBWIb JUIsl OINHUCY IMPOLECIB
JBOEJIEKTPOHHOTO 3aXOIUICHHS.

OTxe, Ha OCHOBI IHTerpaJibHUX piBHAHb Jlogma-I'paitnepa st cucremu
YOTUPHOX YACTUHOK OMHCYETHCS MPOCTHH (opMaii3M, II0 BUKOPUCTOBYETHCS AJIs
aHai3y TIPOIIECY JIBOCNEKTPOHHOI TIEpe3apsiiIKiu TMPU CEepPeAHIX 1 BEJIUKHUX
IIBUJKOCTSAX BiHOCHOTO pyxy. Lleit dopmanizam anamoriunuii gpopmanizmy CDW-
Metony [1, 4] nns 3aga4l OJJHOEIEKTPOHHOT Mepe3apsiKU 1 BUSBIISETHCS JUIIE TPOXU
OlBII  TPOMI3AKUM, HDK OCTaHHIM. AMIUNTYJa peakiii JBOEIEKTPOHHOTO
3aXOIUICHHS PO3PaxXOBYETHCS B HAOIMIKEHHI MEXaHI3MYy OJHOYACHOTO 3aXOTUICHHS
HAJIITAI0Y0I0 YACTHHKOIO JBOX EJIEKTPOHIB MIIIIEHI.

3acTocyBaHHS 3arajbHOI TEOpii MPOLTIOCTPOBAHO HA TPHUKIAAl  Peakinii
JIBOCJICKTPOHHOT TIEpe3apsiIKU TIPH 3ITKHEHHI aTOMIB Tefiio 3 anb(a-yacTHHKAMU:

He?* + He (1s%) — He (1s?) + He?".
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Pesynbratu oOuucieHnp nepepiziB A00pe Y3rOMKYIOThCS 3 TEOPETUYHHMHU Ta
eKCIIEpUMEHTAIbHUMU JaHuMHU (puc. 1).
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Puc. 1. Pe3ynbratu po3paxyHKiB nepepi3iB ABOCICKTPOHHOT Mepe3apsiKy i yac
31ITKHEHHS aToMa TeJIii0 3 0.-YaCTUHKaMHU.

[1] V.Yu. Lazur, M.V. Khoma, Advances in Quantum Chemistry 65, 363 (2013).

[2] Dz. Belkic, R. Gayet, A. Salin, Phys. Rep. 56, 279 (1979).

[3] Dz. Belkic, Quantum theory of high-energy ion-atom collisions (Taylor &
Francis, London, 2008).

[4] V.Yu. Lazur, V.V. Aleksiy, M.I. Karbovanets et al., SPQEO 22, 171 (2019).

[5] S. Ghosh, A. Dhara, C.R. Mandal, M. Purkait, Phys. Rev. A 78, 042708 (2008).

[6] M. Purkait, S. Sounda, A. Dhara, C.R. Mandal, Phys. Rev. A 74, 042723 (2006).

[7] M.S. Gravielle, J.E. Miraglia, Phys. Rev. A 45, 2965 (1992).

[8] D.S.F. Crothers, R. McCarroll, J. Phys. B 20, 2835 (1987).
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ON THE FINE STRUCTURE OF THE DIFFRACTION CONE
OF PROTON-PROTON AND ANTIPROTON-PROTON SCATTERING
AT THE COLLIDER ENERGIES

N.Bence

Uzhhorod National University, Uzhhorod,
e-mail: bencenorbert007@gmail.com

In the elastic hadron-hadron scattering the knowledge of the fine structure
parameters of diffraction cone such as the slope

d do(s,t)
B(s,t)=—| In :
(s:) dt( dt j 1)
and curvature
d
CGs, D =1(d—5’(s, t)), (2)
2 \at
where da(gi't) - differential cross-section, s, t — Mandelstam variables,

are a sensitive indicators of the transition to the “asymptotic” regime.

Recently the TOTEM (CERN) experiment at vS=8 [1] and 13 TeV [2]
discovered the novel and unexpected non-exponential behavior of the diffraction
cone of elastic PP differential cross-section. Below we propose a simple procedure
to reveal the “experimental” curvature thanks to which we will be able to assess the
onset of the mentioned regime. There we shall study the $ - and t -behavior of slope
and curvature within the framework of the phenomenological model which considers
naturally the curvature as the revelation of the threshold behavior of the scattering
amplitude in the t -channel and the shape of proton in the first cone region. To
determine the interval of momentum transfer for the experimental data, where it is
necessary to carry out the investigations, we shall use the experimental data points at
given fixed energy normalized by a linear exponential R(® . Within the boundaries

the normalized differential cross-sections R(®) has a concave form, where the
approximation of the differential section by formula (3) is acceptable:
dO'(t) — aea‘t+y to—t (3)
dt
where a, 6 and y - fitted parameters, to is the effective threshold, tending to the

lowest 2-pion threshold. Within this model the slope and curvature may be defined
with the help of egs. (1) and (2). To look for the fine structure of the diffraction cone

of PP and PP elastic scattering (as a sequent of such behavior) at LHC energies

and close to it, we have separate those experimental data for PP and PP elastic
scattering which contains sufficiently large number of experimental points. Namely
we consider the energies: Ecm = 546 GeV for PP scattering, 7, 8, and 13 TeV for

PP scattering. The result of calculating the curvature for all the selected 5 sets by
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model (3) is shown in Fig. 1. The next step is to choose the “effective” Pomeron
contribution to the scattering amplitude, which corresponds to the observed behavior
of the curvature €, 0), We will choose a common form of the Pomeron contribution

to the cross-symmetric scattering amplitude as [3]:
A5, 1) = g(s)s 2P DeP® (4)

apH=1+a't +]f( ’4m§r —t—zm,,), (5)

where @p@®) is a non-linear Pomeron trajectory. Non-exponential residue function is

@) =bt + f(WamZ -t -2m,,), (6)
where Mz is the mass of pion, 96 is an unknown parametric function,
§=-isi, s, =1 GeVz,
1]
The differential cross section has the form
do T )
— =—|Als;t (7)

Next, we will perform an overall (Pomeron) fit of all the above selected 5 sets of data

by (4)-(7). We consider three variants of the combination of the contribution of the

non-exponential behavior of @) and the nonlinear trajectory of the Pomeron @(@:
By =0 ), B #0, y=0 UD, B =0, y =0 dID.

Figure 1. The curvature C(s,0)
calculated by (1)-(3) with the
parameters obtained from the fit by
(3) for all 5 selected sets of

experimental data. Black circles: PP
scattering, black squares: PP
scattering. The bar represents the
b i verant fitting  uncertainty. The  lines

10 10° represent the calculated €, 0) by the
mlen 4;)_ @ y

C(t=0), [GeVT*
~
T ‘ TT | TTT | T

—_
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Only the behavior of €, 0 jn case (1) has a decreasing character, which
completely corresponds to the behavior of the curvature determined directly from the
experiment (black circles and squares). The absolute values of curvature parameter

depending on S changes its sign at asymptotically large energies.
[1] T.G. Antchev et al. Nucl. Phys. B 899, 527 (2015).

[2] T.G. Antchev et al. Eur. Phys. J. C 79, 785 (2019).
[3] L. Jenkovszky, I. Szanyi, C.1. Tan, Eur. Phys. J. A 54, 116 (2018).
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FIRST RESULTS OF *™Tc PRODUCTION
IN ALL-UKRAINIAN CENTER FOR RADIOSURGERY

B.M.Bondar!?, B.Yu.Leshchenko?®, I.M.Kadenko?, Ya.V.Kmetyuk*

LAll-Ukrainian Center for Radiosurgery, Clinical Hospital «Feofaniyay, Kyiv
2Department of Nuclear Physics, Taras Shevchenko National University of Kyiv, Kyiv
3National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic
Institute “, Kyiv
e-mail: borys.bondar@gmail.com

There are 64 medical radioisotope laboratories in Ukraine and 85% of all
nuclear medicine examinations are being performed with %™Tc tracer [1, 2]. Despite
a very high demand, there is no production center of *™Tc in Ukraine. The traditional
way to produce technetium is the parent nuclide ®*Mo(T1,=66 h) extraction from the
fission products of 2°U(n,f)**Mo reactions in nuclear reactors. An alternative way is
cyclotron based technologies [3], which enable to produce *™Tc via proton induced
reactions on Mo isotopes. This approach provides lower yield in comparison with the
traditional one, but it has some advantages such as absence of contamination, low
cost and decentralization.

Calculations and analysis in Ref. [4] showed that it is possible to get sufficient
yield of **"Tc¢ from enriched ®®Mo sample via ®Mo(p,2n)*®"Tc nuclear reactions
using two low-energy medical cyclotrons in Ukraine, which are both in Kyiv and
operated only for 8F production: 11-MeV Eclipse RD (Siemens) and 16-MeV
PETtrace (GE) [5, 6]. Therefore, since 2018 the joint work between All-Ukrainian
center for radiosurgery of the Clinical Hospital “Feofaniya” and Department of
Nuclear Physics of the Taras Shevchenko National University of Kyiv is ongoing to
study a cyclotron-based production of ®MTc.

Within the framework of cooperation, a new target assembly for solid samples
irradiation in medical cyclotrons was designed, manufactured and tested under the
proton beam [7]. For the sample preparation the powder of molybdenum with 92.2%
enrichment by %Mo isotope was pressed into the solid pellet with size of
@15 mm x 3 mm and then enclosed in the target assembly. The sample irradiation
was realized in 11-MeV medical cyclotron Eclipse RD with the proton current of
6,3 LA during 280 seconds. The y-spectrum of irradiated Mo sample was measured
with application of Nal(Tl) and HPGe spectrometers. 13.1 MBq of **"Tc were
produced, which is in good agreement with activity of 17.4 MBq, predicted in Ref.
[4]. The difference can be caused by lower enrichment and lower energy of incident
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protons. *Tc and *®Tc were determined as the main impurities with total radioactivity
of 0.038% of the produced **™Tc at the end of the Mo-target bombardment.

[1] O.V. Shcherbina, Ya.V. Kmetyuk, Radiological Herald, 4, 17 (2014).

[2] W.C. Eckelman, “Unparalleled Contribution of Technetium-99m to Medicine
Over 5 Decades”, J. Am. Coll. Cardiol. Img. (2009).

[3] J. Beaver, H. J. Hupf, Nucl. Med. 12, 739 (1971).

[4] B.M. Bondar et al. Res.bull. Nat. Techn. Univ. of Ukraine “Kyiv Polytechnic
Institute”, series Engineering, 6, 53 (2017).

[5] B.M. Bondar et al., Proc. of 2-d Int. Workshop “Medical physics — the current
status, problems, the ways of development, innovation technologies”, Kyiv,
Ukraine 70 (2012).

[6] B.M. Bondar et al., J. Kyiv Univ. News. Ser. Radiophysics and electronics 21,
16 (2014).

[7] B.M. Bondar et al., Problems of atomic science and technology 128, 93 (2020).
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CBIYEHHA I'VIIOUARY IIIA AI€IO EJIEKTPOHIB

.M. Bpannic, B.B.Ky3pma, M.LIadparsom, A.M.Kpyuas,
A.-M.C.Konecuiuenko, M.1.Cyxosis, [.€. Murpononscokuii, I.I.11Iappanborn

JIBH3 «Yorcecopoocvkuil nayionanvruil ynisepcumempy, Yaceopoo
e-mail: vasja_kuzma@ukr.net

BrumiB pi3HOTO POy YMHHUKIB HAa 010JIOT19HI MOJICKYJIM 1 CYITPOBOJDKYIOUI I
npolec CTPYKTYpHI 3MIHM MPEACTaBISIOTH COOO0I0 BaXKIMBY 3aJadyy B paMKax
byHIaMEHTAIBHUX TPOOJeM B3a€EMOJIl, 30KpeMa 3apsAKEHUX YacCTUHOK 3
pEYOBHHOI, 1 TpaHcdopmallii eHeprii B 010JIOriyHUX MoJiekyiax. OcoOnuBuit
1HTEpeC SIBJII€ BUBYCHHS MDKMOJICKYJIIPHUX B3a€EMOJIIM Y BOJHIN Ta TBepaii ¢azax
aMIHOKHCJIOT B yMOBaX OINPOMIHEHHS €JIEKTPOHAMH. AMIHOKHUCIOTH, K BIJIOMO, €
OCHOBHMMHM Oy[1BeJIbHUMH OJlokaMu OLIKIB 1 Oe3nocepeHbo OepyTh Y4yacTh Y
JOHOPHO-aKIeNTOpHUX B3aemofisax B moiinentupax. [mimua (HaN-CH,-COOH) €
BIJIHOCHO HaMIPOCTIIIO aMIHOKHCIOTOK 1 OOOB’SI3KOBO HAsBHMM Yy CKIaji
3’€IHYBAJIbHUX MOJITICHTH/IIB.

Mertoto po6otu Oys0 AOCHIHKEHHS 3a IOIOMOTOI0 METOTYy €JIeKTPOH-(POTOHHOT
CHEKTPOCKOMIi BIUIMBY OMNPOMIHEHHS IIy4YKOM €JEKTPOHIB Ha CTPYKTypy 1
BJIACTUBOCTI TJIIMHY Yy BOJHIM Ta TBepail (azax. Jng amanranii JaHOro METORy
JOCIIKEHb, MOJIEKYJIH TIIIUHY OyJin iIMMOO1JI130BaH1 Y MOBEPXHIO TBEPAOI MaTpPHIIL
(rpagit). B sikOCTI po3uMHHMKA BUKOPHUCTOBYBaJlacsi AUCTHIIbOBaHa Boja. Bucanka
MEBHOI KIJTBKOCTI aMiHOKHCJIOTH 3 BOJHOTO PO3YMHY 3A1MCHIOBANIACS KPAIUTMHHUM
[IUISIXOM 3 MOAAJIBIINUM MpocyiryBaHHsAM. Kpim 11010, Oyiiu miiIr0TOBIIEH1 3pa3Ku, sKi
OTPUMaHI NUIAXOM JO0JIATKOBOTO O€3MOCepeHhOT0 BTUPAHHS TMOPOIIKY TIIIMHY B
MOBEPXHIO Tpadiry.

ExcniepuMeHTH NOpOBOAMIIMCS HA  YHIBEpCaJbHIA  HAJIBUCOKOBaKYyMHIN
ycranosui YCVY-4 (107 I1a). BUKOpHCTOBYBaNucs Iy4KH €JIEKTPOHIB 3 EHEpricio
600 eB i ryctunoro crpymy j=1.4 MA/cm2. Emicis GoToHIB y 001aCTi JOBKHUH XBHJIb
A=200-600 am anamizyBajacsi 3a JIONOMOTOI0 CBITJIOCHJIBHOTO JTU(PAKIIIHOTO
MoHoxpoMaTopa MJIP-2, onTuyHa BiCh SIKOTO yTBOproBana KyT 45° 3 Hopmauiio 10
noBepxHi mimeHi. KyT magiHHs eJeKTPOHIB BITHOCHO HOPMATi J10 3pa3Ka BapirOBaBCS
Big 60 mo 70°. JlerekTyBaHHsS BHUIPOMIHIOBAHHS MPOBOIMIOCS (HOTOCIEKTPOHHHM
nomMHoxyBaueM tuity ®3VY-106.

Ha pucynky 1 noka3zanuii cHnexkTp JIOMIHECHEHIT MOJEKYa TIIUUHY [pHU
ONMPOMIHEHHI IMy4YKOM €JIEKTPOHIB CUCTEMH T'padiT+IIILKH (3 BOAHOTO po3uuHy). s
HBOI'O XapakTepHa mupoka cmyra B obmacti 270-500 um. IIposiB ocobnuBocTel y
CHEKTpP1 BUIPOMIHIOBAHHS Hece 1HPOPMAIIIO [P0 EHEPreTUYHyY Oy0BY IITIIUHY. Tak
MOKHA BUJILJTUTH SIBHO BUPaXEHI TOJIOBHI MKW 3 MAKCUMyMaMH Ha JOBKHUHAX XBUJIb
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350 uM, 411 um Ta 464 um. [IpuBeprae yBary HasiBHICTb MiKiB ipu 337 HM Ta 359 HM,
SAKI MOXKHa 1AeHTU(DIKYBaTH SK BUIIPOMIHIOBAHHS 3 TIPOJIYKTIB (PparmeHTari
mostekyau rmimuay Np (CHII,—B3Ily) ta CN (Z(v=1)—2Z(v=0)), Bigmosigro [1].
Cwmyry 3 MmakcumyMoM Ha 350 HM, sika Oepe MovYaToK 3 KOPOTKOXBUIIHOBOTO OOKY IpH
320 HM, crmocTepiraJii 1 B CHEKTpl JIOMIHECHUEHIli KPUCTaTIYHOTO TIinuHy (Y-
Mo udikallist) aBTopu podoTu [2].

7 b

[HTEHCHUBHICTB, B.O.

L) L T L} L) L) L L}

| | | | | | | |
200 250 300 350 400 450 500 550 um
Puc. 1. Cnextp nroMiHECUEHLII MOJIEKYJ IIIIUUHY PU OIPOMIHEHHI TyYKOM
€JIEKTPOHIB CUCTEMH IrpadiT+TIIiIHUH.

[Ipu ompoMiHEHHI MYYKOM €JEKTPOHIB 3pa3ka 3 JO0JaTKOBO HaHECEHUM
[JIIIMHOM Y BUJ1 MOPOIIKY CIOCTEPIraeThCs YTBOPEHHS CMYTH 3 MaKCUMyMOM IIpH
590 um. Sk Bim3HayaroTh aBTOpu [1], 11 MOSBY MOXKHA TOSCHUTH YTBOPEHHSIM
30ymxenux monekyn CO (BIZ—AI, A ~ 560-630 um) gucouianicro rpynu —~COOH.

[IpoBeneHi OOCHIIKEHHSI TOKa3ajiu, 110 OMPOMIHEHHS IYYKOM €JIEKTPOHIB
3/IaTHE BIUIMBATH HA XapakKTeP MIKMOJCKYISIPHUX B3a€EMOJIIH TIIIUHY Ta BUKITUKATH
BIIYyTHI 3MIHU B CTPYKTYp1 Ta BIACTUBOCTSAX TAKUX MOJIEKYIL.

[1] A.A. General, M.l.  Migovich, V.A. Kelman, Yu.V. Zhmenyak,
V.V. Zvenigorodsky, Journal of Applied Spectroscopy 82, 970 (2016).

[2] Ashok Kumar R., Ezhil Vizhi R.,Vijayan N., Rajan Babu D, Physica B. 406, 2594
(2011).
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3BYKEHHS EJJEKTPOHHUM YIAPOM MOJIEKYJI
BAJIIHA B I'A30OBII ®A3I

A.lLbyarakoBa, M.M.Epnesni, FO.A.bannypun

Incmumym enekmponnoi ¢isuxu HAH Ykpainu, ¥Yoceopoo
e-mail: alla.bulgakova.uzh@gmail.com

Banin HanexxuTh A0 Tpynmu MPOCTUX ali(aTUYHUX HEMOJSPHUX O-aMiHO-
KHCIIOT, SIKI MatOTh HAHOUIBIINKI ankiapbHUA 61uHui HaHIor Co 1 ICHYIOTh y BUTJISAI
pi3HUX KOH(OPMEPIB.

loHizyroue BUIIPOMIHIOBAHHS, B3aEMOIIIOUM 3 KUBUM OpraHi3MOM, MOXKE
BUKJIMKATH Pi3HI 3MIHU B T€HOTHITl BHACIIJOK BIUIMBY HAa T€HETUYHI MaKpPOMOJIEKYJIN
JIHK 1 PHK. 3actrocyBaHHs B JOCIHIIKEHHSX MOHOCHEPTeTUYHUX MYUYKiB €JIEKTPOHIB
pu 30y/DKEHHI CKJIAIHUX MOJIEKYJ B Ta30Bid (a3i J03BOJIsIE OTpUMATH 1HGOpMAILi0
PO CTaH 1 CTPYKTYPY €HEPTETUUHUX PIBHIB, a TAKOK OL[IHUTH BiAHOCHY UMOBIPHICTb
ix 30ymkeHHs. 3a cOpMOBaHUMH YSBJIEHHAMH [1] caMe 3 TOBUIBHUMU €1EKTPOHAMHU
MOB'SI3YIOTh OCHOBHY YacTHHY JACCTPYKTHBHUX 3MIH Ha MOJIEKYJSIPHOMY piBHI
010CTPYKTYp, IPUUOMY T'OJIOBHOIO MILIEHHIO € TEHETUYHI MaKpOMOJIEKYIH [2].

ExcriepuMeHT TpOBOAMBCSA 3 BUKOPUCTAHHSM IMAPOHANIOBHEHOI KOMIPKH, B
AKIA 3 aMIyJid 3 He3aJeKHUM HarpiBaHHSM CTBOPIOBAJIACS KOHIEHTpAIliS MOJIEKYI
BaJiHa B obnacTi B3aeMofii 3 enexrponamu mopsaky 6-101 cm™. Ilyuok enexkrponis
giametpom 2 mm, cwioro ctpymy 10-100 pA B intepBam eneprii 0-70 eV
aeTekTyBaBcs nuiaiHapom Papanes. MOHOECHEPreTHYHICTh EIEKTPOHHOTO ITy4Ka
(moBHa mupuHAa Ha HamiBBUCOTi) Oyna He ripme AE;»=0.5 eV 1 Buznayamacs
aBTOMATUYHO TIepel KOXXHUM  BUMIpPIOBaHHSM. EHepris  eneKkTpoHIB  mpH
BUMIPIOBAHHAX ONTHYHUX (QYHKIINA 30ymkeHHs (OP3) B 3agaHoMy I1HTEpBal
€HEpriii CKaHyBajgacsi aBTOMAaTU30BAHOIO CUCTEMOIO BUMIPIOBAHb 3 KPOKOM, SIKUH MIr
BapitoBaTucs B aianazoni 100-400 meV.

BunpomiHiOBaHHS 3 KaMepH 31TKHEHb Yepe3 KBaplOBE BIKHO HA O1YHIM CTIHII
BAKyyMHOI KaMepHu 3a JOMOMOro JiH3M (OKycyBajocsi Ha BXIAHY UIUIMHY
MoHoxpomaTtopa MJIP-2 1 perekTyBasiocs (POTOENEKTPOHHUM TOMHOXYBaueM
(DEIT). Cucrema aBTOMAaTHYHOTO KOHTPOJIO TApaMeTpiB 1 peecTparii KOPUCHOTO
CUTHAJTY JIO3BOJISIA TIPAIIOBATH B PEXKUMI PaxyHKY (DOTOHIB 1 HaJICUJIATH €IEKTPOHHI
imyniben 3 OEIT gyt oOpoOku 1 3amucy Ha MEepCOHANBHHM KoMIT'toTep. OnTuuHi
CIEKTPHU BUMPOMIHIOBAHHS B Jiana3oHi JOBXKUH XBWIH A=200-520 nm BuUMiproBasIMCs
3 kpokoM 0.547 nm, yac eKCIo3ullii HAKOMUYEHHs] CUTHAITy 0OMpaBcs B iHTepBail 1-5
S B KOKHI# TOUIIl, @ BX1J{HA IIIJIMHAa MOHOXpOMAaTOpa MMUPUHOIO 1 mMm 3abe3neuyBaa
CHEKTpaIbHUHN pO3MOALT AA=2 M.
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OnTUYHNM METOJIOM HaMHU TPOBENCHO JOCTIHKCHHS 30yIKEHHS MOJEKYI
BaJliHy B Jiana3oHi enepriit 0-70 eV. [Iponeaypa BuMmiproBaHb BKJItOUaa B cede JBa
eTanu: Ha MEPIIOMY 3alUCyBAIHCS CIIEKTPU BUIPOMiHIOBAHHS MOJCKYJ BATIHY IpH
(dikcoBanux eHeprisx enektponiB 30, 50 1 70 eV B aiama3oH1 JOBXHUH XBWIb 270-
440 nm, a Ha apyromy BuMiptoBanucs O®d3 HaWOULIBII 1HTEHCHBHHUX EMICIH SIK
MOJIEKYJISIPHUX CMYT BUIIPOMIHIOBaHHs, Tak 1 aromapHux JiHiil. Ha puc. 1 mokaszana
O®3, BumipsiHa AJ1s1 JOBXKUHH XBUII A=284 nm (MOJIEKyJIsIpHA CMyTa).

Valine

6000 - 2 =284 nm

4000

|, arb. un.

2000 -

S

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95
E,eV

Puc. 1. O®3 cnexktpanbHOi JUHII MOJEKYJIH BaJlIHA.

B pe3ynbrati mpoBeeHo1 poO0TH 3p00IE€HO BUCHOBKH, 110 Y BUITPOMIHIOBAHHS
Ha JOBXWHI XBWI1 A=284 nm, IMOBIPHO, BHOCUTH BKJIaJl CMyTa 3-1 MO3UTUBHOI IPYyIH
monexymu CO, nepexin b*Z* — a®II (pisens 0-0 i A= 284 nm).

BHacniiok enekTpoHHOTO yAapy MO0 MOJEKYJ BalliHy YTBOPIOIOTHCS 30yKEeH1
mostiekynmu OH* 1 CO*, saxi € ¢parmentamu. 30UIblIeHHS €HEprii OomMOapayrounx
enexkTpoHiB 3 30 1o 70 eV mpu3BOaUTH A0 MEPEPO3MNOAITY YaCTKH KOXKHOTO 3 IHX
(¢parMeHTiB, 10  TPOSIBISETHCS B  HEOJHAKOBIM  3MiHI  1HTEHCHUBHOCTI
BUINPOMiHIOBaHHSA. JIJIS MepeBipKU IILOTO MPHUMYIIEHHS MM TPOBEIW BHUMIiPIOBAaHHS
O®3 sk U1l LIUX MOJIEKYJIIPHUX CMYT, TaK 1 AJIs COEKTPAJIbHOI JIiH1T aToMa BoaHIO Hp
486 nm. EnxepretnuHi moporu s BCIX BHUIIB eMiciii ckiagaroth 10-11 eV
(oueBHUIIHO, TI€ 1 € EHEPreTUYHUN Mopir QparMeHTtaiii MOJICKYJIu BaliHy), a
30UTBIIIEHHS KBAaHTOBOTO BHIXOAY 3 POCTOM €HEprii 0oMOapayrodmX eJIEKTPOHIB €
IHIUBIAYyaJIbHUM  JUIsi  KOXKHOTO 3  BUIIPOMIHIOBAYiB, 10 CBITYUTH PO
1H(HOPMATUBHICTD MOAIOHUX JOCIIKEHb IPU (PparMeHTallli BaliHY.

[1] O.B. CmupHoB, A.A. Bacanaes, B.M. Boiitio u np., XKT® 84, 121 (2014).

[2] C. Sonntag, The chemical basis for radiation biology, London: Taylor & Francis
press (1987).
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MAC-CHEKTPOMETPISA MOJIEKYJI BAJITHA
EJEKTPOHAMMU B I'A30BI ®A3I

A.l.bynrakoBa, A.M.3aBinomyso

Inemumym enekmponnoi ¢isuxu HAH Ykpainu, ¥Yoceopoo
e-mail: alla.bulgakova.uzh@gmail.com

Bauin - amidaTtudna o-aMiHOKHCIIOTA, OJHA 3 BOCBMH HECHHTE30BAHUX JIFOJICHBKUM
OpraHi3MOM aMIHOKHCIIOT, HEOOXigHa Il POCTY 1 CHHTE3y TKaHUH TiJIa, M'S30BOi
KOOpAMWHAIlT; a30THOr0 OOMIiHYy; pEryJjloBaHHsS HEPBOBHX MPOIIECiB, cTabimi3alii
ropMoHasibHOTO hony [1].

B exkcnepumeHTI B SAKOCTI aHAIITUYHOTO TPWIALy BUKOPUCTOBYBABCS
MOHOTOJNIbHUN Mac-criektpomeTp MX 7304A, sxuil po3milryBaBcs y BaKyyMHIi
YCTAaHOBII 3 0Oe3MacisiHUM BIJKauyyBaHHSAM, [0 3a0e3ledyBajlo THUCK MapiB
sanuiukoBux TrasiB He ripme 2-:10° Torr B poGounx ymoBax. MopepHizoBaHe
JOKEPEJIO 10HIB MPAIIOBAIO B PEXKUMI CTa0UII3aIli eIEKTPUYHOTO CTPYMY 1 JI03BOJISLIIO
OTPUMYBAaTH TMYyYKH EJEKTPOHIB perynboBaHoi eHeprii Bim 5 go 80 eV, ctpym B
mexax 0.05-0.5 mA, npu midimanbHOMY po3ku/i 1o eHeprii AEY2 =200 meV. [1ydok
MOJICKYJl BajJiHy (opMyBaBci 3a JOIMOMOIOI OaratokaHaibHOTO e(dy3iitHOro
JDKepenia, KOHIIGHTpallis JOCIKYBaHMX MOJEKyl B o0JacTi B3aeMomdii 3
enextponamu Oyna 10%°+10'! cm™. CnenianbHuii mpuCTpii 31 3BOPOTHUM 3B'SI3KOM
3a0e3MeuyBaB BHCOKY TEMIIEpaTypHy CTaOUIi3allil0 HarpiBy BUKOPHUCTOBYBAHO1
pedoBunu B iHTepBani 300-600 K.

Ha puc. 1 mokazanmii mac-criekTp MoJyieKynu BayiHa B miama3zoni Mac 0-120 Da,
OTpUMaHUN TIpH Temreparypl okepena monekyn 393 K 1 eHeprii 10HI3yrHOUMX
enexktpoHiB Ue = 70 eV. Sk BumHO 3 puc. 1 4iTKO BUAUISIOTHCS YOTUPU TPYIH JIiHIM, B
SIKAX HaWOUIbIIa IHTEHCUBHICTh HAJICKWUTH 10HaM 3 m/z = 28, 42, 56 1 72 Da,
BIJITIOBIJTHO.

100
Valine

T=393 K
80 4 E=70eV

Relative Intensity
(2]
o

S
=}
1

20

0 e ! et t 1 { Trthrhy 1 T
0 10 20 30 40 50 60 70 80 90 100 110 120
m/z

Puc. 1. Mac-criekTp MOJICKYJIM BajiHy.
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M/z=72 ocHOBHHMII HaWIHTEHCHBHIIIWI 10H-()pParMEHT BHHHUKAE€ B PE3YJIbTaTI
e(eKTUBHOI JHcOolallii MaTePUHCHKOTO 10HA MOJIEKYIH BajiHy mpu po3puBi C-C
3B'SI3KYy 3 YTBOPEHHSIM HeHTpaibHOro (parmenta kapoOokcuibHoi rpynu COOH
BIJIMOBIAHO JIO PEaKIIii:

CsH11NO; + e — NH2(CH3)2(CH)" + (COOH) + 2e".

TemmnepaTypa IOCHIKYBaHUX MOJIEKYN B Ta30Bil (a3l € BaXKIMBUM YHHHHUKOM,
0 BIUIMBAE HAa TPOIECH B3AEMOJII EIEKTPOHIB 3 MOJIEKYJaMUd aMiHOKHCIOT,
0CcOOIMBO Ha Mpollec AUCOIaTUBHOI 1oHi3amii [2]. Hamu BuMmipsHi TemmepaTypHi
3QJIEKHOCTI BUXOJIy MO3UTHBHUX 10HIB-()parMEHTIB MOJICKYJIM BaliHy. Sk mpukian
Ha puc. 2 MOoKa3aHl Takl 3aJeKHOCTI JIsl HalOUIbII 1HTEHCUBHUX 10HIB-()parMeHTIB
NH2(CH3)2(CH)* (m/z=72), NH,CHCOOH" (m/z=74), NHCHC(OH)* (m/z=57),
(CH3).CH" (m/z=43), CH,CCH3" (m/z=41) ta CH3; (m/z=15).

£ [ | |
2 g
o I | |
IS / | |
2 | J‘j _ ."/"I\II I
E. dl i -_,n'll IIL"-
[i#] F
o | /
|
| M y
Ny, /
0 gy T
S0 40
Mz 30

Puc. 2. 3ane:XxHOCTI yTBOPEHHS TO3UTHBHUX 10HIB-()parMeHTiB MOJICKYJIH BaJliHY Bij
TeMIlepaTypu

Xil KpUBHUX TEMIEpPAaTypHHX 3aJeKHOCTEd B 3arajlbHOMY MOJIOHUM.
CrnocrepiratoTbcst TpY AUISHKU: HA TIOYATKOBIM JIIJISIHIII 1HTEHCHUBHICTh Ma€ Maibke
JiHIMHE 3pOCTaHHS, MOTIM 3pPOCTaHHS OJM3bKE JO EKCIOHEHIIaJbHOIOo, MOTIM
HacuyeHHsT B oOmacti temmepatyp 400-418 K i1 gami - mocuTe pi3kuii crmaj,

MOB'S3aHUN 3 TIOYATKOM PO3KJIQJaHHS JOCTIDKYBAaHUX PEYOBUH, a TaKOXK IX
(dbparmMeHTis.

[1] J.F. Ward, Advances in Radiation Biology, New York:Academic Press, 181, 239
(1977).

[2] NIST Standard Reference Database. http:// www.webbook.nist.gov
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TEPMOXPOMHI HAHO- ta MIKPOKOMIIO3UTH HA OCHOBI
KPUCTAJIIB (NH2(C2Hs)2).CuCl.

1O.Yopmnii, C.Cemak, B.KanmycTtsauk

JIvsiscokuti HayionanbHul yHisepcumem imeri leana @panka, Jlveie
e-mail: ychornii@gmail.com

MeTol0 Hammx JOCTIIKEHb € CTBOPEHHS JEUIEBOTO 1 TEXHOJOTIYHOTO
TEPMOXPOMHOTO Marepiany nansi TepMorpadii Ta ONTHYHUX HAKONHWYYBayiB
iHpopMallli B KOMIT'IOTepax Ta IHIIMX Trajpkerax. o mpakTHUHUX 3aCTOCYBaHb
0COOJIMBO aKTyaJbHUM € BUBYCHHSI BIUIMBY PI3HUX THUIIIB MOJIMEPHHUX MaTPHIlh HA
BJIACTHBOCTI HaHO- 1 Mikpokomno3uTiB Ha ocHoBi kpuctayia (NH2(CzHs),),CuCl,
(DEACC). CtpykTypa 1IbOTO MOHOKpHCTaIa c(hOpMOBaHA KaTiIOHAMHU JUETHUIAMOHIIO
Ta MeTano-raioreHHUMU komruiekcamu (MI'K), 3'eqnanuMu BogHEBUMU 3B'sI3KaMU.
Bucokoremneparypua ¢asza (T >311K) xapakTepusyeTbCsi  CIOTBOPCHHM
TEeTpacApUYHUM OTOYEHHSM 10HAa MiJll, TOJAl SIK y HHU3bKOTEMIEpaTypHiil ¢a3i
CHIBICHYIOTh T€TpaeJpuyHe Ta TUIOCKE KBaJpaTHEe OTOUYEHHS [ 1, 2].

JlocnipKEeHO  TeMIepaTypHY  €BOJIIOIIIO
cmyr nepeHeceHHs 3apsany (I13) manokpucrarnis
T (HK) po3mipom 160 um B nosikapoonatHiit (I1K)
Matpull. TemmepaTypHa 3alIeXHICTh ONTHYHOI

0295 ryctuan npu A=406 am (24 630 cmt), mio
a BIAMOBiga€  Makcumymy  cmyru 113 B
nanokomno3uti DEACC (5%) — IIK, BusiBise
MOMITHY, ajie¢ HemepepBHY 3MiHYy B OKOJI | =
02501 313K  (Puc. 1), sxy MOXHa  BBa)xaTH
TepMoxpoMHUM edextom [3]. 3 iHmIOTO OOKY, HE
BUSIBJICHO  TIOMITHOTO  TiCTEepe3ucy  Ile€l

T 30 315 30 a5 3 SQUEKHOCTI, XapaKTEPHOro Ul TEPMOXPOMHHX

TK ¢dazoBux mnepexonis (PI) I pomy. Orxe,
Puc. 1. Tewmmeparypua sanexuicrs KOMIO3HT 3 HK posmipom mnopsiaky 160 Hm
onTMuHOi TyCTMHH HaHoKommosura 3a3Ha€ TepmoxpomHoro OITII pomy.
DEACC (5%)-IIK wna dikcoBaniit
nosxuHi xBu A = 406 M.

0,300

bepyun no yBarm, mo BusBieHa cmyra I3 BiAgmoBinae eIeKTPOHHOMY
nepexony Ha piBHi Cu 3dy.y, HenepepBuuii DIl y HAHOKOMIIO3UTI HE BIUIMBAE
CYTTEBO Ha KoopauHawiro ioniB Cu?*. HuspkoTeMmepaTypHa Ta BUCOKOTEMIIEpATypHa
(da3u xapakTepu3yIThCs JIUIIE TETPACAPUIHUMHI M1THO-TATOTEHHUMHU KOMILJIEKCAMH.
[Imocki KBaApaTHI KOMIUIEKCH, XapaKTepHl JUIsi HU3bKOTeMIeparypHoi (a3u B
00’eMHUX MOHOKpHcCTanax, 3HukaoTh B HK depe3 po3mipuuii edekr, nos’s3aHuil 3
MOBEPXHEBUMHU SIBUILIAMU.

Ha puc. 2 nang mopiBHSHHS HaBEJEHI TEMIIEPAaTypHI 3aJ€KHOCTI ONTUYHOL
IYCTUHH MIKPOKOMIIO3MTIB 3 JIaTEKCHOI Ta mnodictupoiibHoio (IIC) matpuisimu,
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OTpMMaHI TpW CTaJiil JOBXWHI XBWJI CBITJIa, Ta BIAMOBIIHI 3aJ€KHOCTI IS
00'eMHOro0 Kprcrtana. OCTaHHIN XapaKTepU3y€eThCs METIEI0 TCTEPE3UCy NPSIMOKYTHOT
dhopmu, sika BiJI0Opakae ricTepe3nuc TeMIeparypu (HazoBoro rnepexony.

—— S Komno3utu Ha ocHoBi MK DEACC 3

—e— HarpigasHs
DEACG

beriueran | JJATEKCHOIO MATPHUIICIO 3a3HAIOTH YITKOIO, ajie
Tpoxu po3mMuUToro repmoxpomuoro OII I pony
B okom 316K (mpu HarpiBaHHi), IO
CYIIPOBO/IKYETHCSI ICTOTHOIO 3MIHOIO KOJIBOPY
3pa3Ka BiJ HACHUYEHOTO 3€JCHOro a0 OIijo-
’KOBTOT'O [3]. Bussnene 3MIIIEHHS
temneparypy @OII B MK mnopiBHsSHO 3
00'eMHHM KpHCTaJOM, a TaKOX CIIOTBOpEHA
dbopmMa TeTHAl TICTEPE3UCY  TOSICHIOETHCS
BIUTUBOM SIK TMIOJIIMEPHOI MAaTpHIll, TaK 1
MOBEPXHEBUX SBUII, SIKI BCE I Ba)JIMBI B

34 a)

324 1

3.0

.

2,8+
264

2.4

224

D
-—
8-3-BENN-0-0-0

2,0
1.8 1
1,6 T

2.4

L

MK DEACC+NaTekc

2,2

.|

22 8) e e T P

S DEREESTE s | MI1KPOKOMITO3HTI.
: MIKpOKOMIIO3UTH 3  TOJIICTUPOIBHOIO
o 1e [ "I MaTPUIICIO TAKOXK XapaKTEPU3YIOThCS METIICIO
1 ricTepe3ucy, IyXe MOoAI0HOI 10 Ti€l, Mo
Al cmocrepiraetbcs B  00'eMHOMY  KpHCTaii
A A I A T e DEACC (Puc. 2). MikpokpucTaau 3a3HaIOTh
Puc. 2. TemneparypHi 3a1€xKHOCTI Tepmoxpomuoro ®II I poxy npu 337 K (mpu
ONTUYHOI TYCTHHH 00'€MHOTO KpHCTaja HarpiBaHH1), SIKHA TEX CYIPOBOJKYETHCS

DEACC (a) ra MK DEACC B natekci (6)  pi3kor0  3MIiHOK — KOIBOPY  3pa3ka  Bif

_ -1 ; -
nmpu = 633 um (15 800 cM™) Ta B MATPHI  gacyyeHOroO 3€€HOT0 10 OJIiI0-KOBTOTO.
T1C (B) mpu = 590 um (16 949 cm™)

3mimienHs temnepatypu @Il nos's3aHe 3 BIUIMBOM MOJICTUPOIBHOI MaTPHIL.
YiTka nemist TicTepe3ucy, L0 CIOCTEPIraeTbCsd y LbOMY BHUIAJKY, BUIJISAIAE
HalOIbII MPUBAOIUBOIO NIl MPAKTUYHOIO 3aCTOCYBaHHS LIBOIO MIKPOKOMIIO3MTA.
BusiBneHo momiTHUI BIUIMB MojiMepa Ha (Pi3MKO-XIMIYHI BIACTHBOCTI Kpucrtana. B
KOMIIO3UTI HA OCHOBI TMOJICTUPOTY 3MimleHHs Temneparypu DI mposiBiseTbes
Habaratro i1CTOTHIIIE, HDK y MIKPOKOMIIO3UTaX Ha OCHOBI jarekcy [3]. OckinbKu
MOJIICTUPOJT € OUIBII (GKOPCTKUM» TOJIMEPOM, BIH CYTTEBO BIUIMBAE€ HAa aHIOHHY
TE€OMETPII0 KPUCTAJIB 3aB/ISIKUA T'€30XPOMHOMY €(eKTy, 10 MPU3BOAUTH JO OLIBII
ICTOTHOTO 3MIIIIEHHS TEMIIEPATYPH TEPMOXPOMHOTO (ha30BOr0 MEPEXOy.

[1] D. R. Bloomquist, M. R. Pressprich, R. D. Willett, J. Am. Chem. Soc. 110, 7391
(1988).

[2] V. B. Kapustyanyk, Yu. M. Korchak, J. Appl. Spectrosc. 67, 1045 (2000).

[3] V. Kapustianyk, Yu. Chornii, S. Semak, J. Phys. Stud. 24, 4707 (2020).
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TEMIIEPATYPHA EBOJIIONISI ABCOPBIIMHUX CITEKTPIB
CET'HETOEJIACTOEJIEKTPUKA
TETPAXJVIOPKYIIPATY AMOHIIO IUT'TAPATY

1O.Yopniut, B.Kanyctanuk, C.Cemak, M.Pyako, A.BacekiB

JIvsiscoruti HayionanbHul yHisepcumem imeri leana @panka, Jlv6ise
e-mail: svitlana.semak@Inu.edu.ua

[Touryx HOBUX KpUCTamiuHUX (PEpOiKiB € aKTyallbHUM 3aBIaHHIM ChOTOJCHHS,
OCKUIbKM TaKi MaTepiajii IIMPOKO 3aCTOCOBYIOTh Y MPUCTPOSX (PYHKIIOHAIBHOT
€JICKTPOHIKH, 30KpeMa y PI3HOMAHITHUX CEHCOpax, MOAYJISITOpax, MepeTBOpPIOBavax
tomo. OcobMuBO 1IKaBUMHU JJIsi HAYKOBLIB € (DepOiKH IPYroro MOPSAIKY, M0 SKUX
BITHOCSTh CETHETOENACTOENEKTPUKH, Ta MAarHiTHI MYJIbTUQEPOiKH, Yy AKUX
CIIBICHYIOTH P13H1 THUITU BIIOPSIIKYBaHHSI — MarHiTHE 1 CETHETOCJIEKTPUYHE.

Kpucran terpaxiopkynpaty amoHito aurigpary ((NH4).CuCls-2H,0) Bomomie
dbepomarnitTHoro (azoro, mnpu Temmeparypi, Hmwkuid 3a 0,7 K [1], 1
ceraeroenactoenekrpuyHoro (CEE) ¢dazoro, mo JIeXuTh HUXKYE Bl TeMIlepaTypu
T.=200K [1, 2]. ¥ CEE ¢a3i (T <T;) MakpOCKOIIYHUM MapaMeTPOM IOPSIKY €
KOMIIOHEHTa TEH30pa TPEThOTO paHry, SIKUA OIUCY€E I'€30€JIEKTPUUHUN e(]EeKT.
CerneroenacToeneKTpUUHI JJOMEHU BIAPI3HAIOTHCS 3HAKOM I[1€1 KOMIIOHEHTH, a
TaKOX KOMIIOHEHTH TEH30pa ONTHYHOI akTuBHOCTI. lle o3Hayae, mo pi3HI
OpIEHTAllIiHI CTaHW JOMEHIB MOXXHA TMEPEMHKATH OJHOYACHUM MPUKIAJaHHIM
MEXaHIYHOTO HAIPYKCHHS Ta €JICKTPUIHOTO IOJIS Y BiMOBIIHUX HampsiMax [1].

Kpucran (NH4),CuCls2H,O mnpu kiMHaTHIN TemmepaTypi HaJICKHTh JI0
npoctopoBoi rpynu  P4r/mnm. ®azoBuit mepexim apyroro poay npu I
CYIIPOBOJKYETCS 3MIHOIO TOYKOBOi cuMeTpii 4/mmm —> 42m Ta CIpUYMHEHUH
BIOpsAAKYBaHHAM TeTpaeapiB NHs" 1 nedopmarniero okraeapis [CuCls-2H20] [2].
Bigomo, mio abcopOiiiiHa CHEKTPOCKOIISI € 4YyJAOBUM METOJOM JIOCIIIKEHHS
CTPYKTYPHHUX 3MIH, NOB’sI3aHUX 3 Jedopmaliero XpoMo(OpHUX Tpyl, B POJi SKHX
BHCTYMAIOTh METaJI-TAJOTC€HHI KOMITJICKCH.

VY uiii poOOTI IPOBENECHO AETAIBHUI aHaIl3 TEMIIEPATYpPHOI €BOJIIOLIIT CIIEKTPIB
norauHanHg — ¢depoika  (NH4).CuCly-2H,O, 1m0 BiAMOBigAIOTH  CIEKTPOHHUM
nepexonam Mix piBHsamu ioma Cu?* y TemmeparypHOMYy miamasoni Bix 15 mo 290 K
JUTSL IBOX HE3aJIeKHUX HarpsiMiB mojsipu3zaiii ceimia (Puc. 1). 3naunuii mieoxpoizm
CHEKTPIB 1 pI3HE YMCIO CMYT, IO BIAMOBIAIOTH PI3HUM HAIpsiMaM MOJspHU3aIii
CBITJIa, CBITYUTH MPO ICTOTHY aHI30TPOIiI0 MeTaj-rajoreHHoro komiekcy (Puc. 1).
AHaii3 BKa3aHWX BHYTPINIHbOIOHHUX TIEPEXOJIB MIXK pPIBHSAMH, IO 3a3HAIOThH
PO3IICIICHHS MMiJ BIUIMBOM KPHUCTAIIYHOTO MOJIS JIraHAiB, CBIIYUTH MPO TE, IO
oktaeapuunuii komruieke [CuCls-2H,0] € pomGiuHO 316(OPMOBAHUM, MPHUOMY 3
MOHWKEHHSAM TeMIlepaTypu Huxk4de Bif 7. crymiHb nedopmartii 3poctae. Ll 3mina
MPOSIBIISIETHCS Y OUIBII ICTOTHOMY po3iierieHHi BianoBiaaux cmyr y CEE ¢aszi.
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X-nonsipuaauis

Puc. 1. Cnextp
MOTJIMHAHHS KpucTaia
(NH4)2CUC|4‘2H20,

OTPUMaHUMN pu
KIMHATHIM  TemImeparypi
opu pi3HIA moJspU3aii
CBITJIa; HA BCTaBIll CIIEKTP
nornuHanHsA mpu 7= 15 K

9000 15060 21000 27000
1
v, CM p

o kN W

o N W

9000 12000 15000 18000 21000 24000 27000

Puc. 2. Temneparypni 3aJIEKHOCTI
ONITUYHOI T'YCTUHU KpucTaia
(NH4)2CuCl,-2H,0 Ha ¢ikcoBaHil
JOBXKHMHI XBHJII, OTPUMaHI B PEKUMI
OXOJIOJKEHHS.

0 75 150 225 300
T, K

Cerneroenacroenektpuunuii  ¢gazoBuii mepexigy Il pomy npu 7. =200 K
MIPOSIBIISIETHCS Y BUTJISI 3MIHUM HAXWUJy HA TEMIIEPATYPHUX 3AJIEKHOCTSAX ONTHUYHOI
ryCTUHH Ha (iKCOBaHIM MOBXWHI XBwil (nuB. Puc.2), a HU3bKOTEMIEpaTypHi
anomauii nipu 71 =98 K 1 72 = 60 K mMoyTh BKa3zyBaTH Ha paHillie HEBioMi (a3oBi
nepexoju, iMoBipHO, [ pony.

Po6ora Bukonana 3aBnsku (iHaHcoBid miaTpumili HamionanbHOoro ¢oHIy AOCTIIKEHBb
VYkpainu B paMKkax NpoekTy «baratoyHKII0HaJIbHI OpraHI4YHO-HEOPraHIYHI MarHiTOEIEeKTPUYHI,
doToBONBTATYHI 1 cLIMHTWIALIMHI MaTepianny (Peectp. Ne 2020.02/0130).

[1] Z. Tylczynski, M. Wiesner, Materials Chemistry and Physics 149-150, 566-573
(2015).

[2] H. Suga, M. Sorai, T. Yamanaka, S. Seki, Bull. Chem. Soc. Jpn. 38, 1007-1015
(1965).
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FERROUS TO FERRIC TRANSITION
IN Fe-PHTHALOCYANINE DRIVEN BY NO: EXPOSURE

l.Cojocariut, S.Carlotto?, H.M.Sturmeit®, G.Zamborlini®, M.Cinchetti®, A.Cossaro?,
A Verdini, L.Floreano*, M.Jugovac?, P.Puschnig®, C.Piamonteze®, M.Casarin?,
V.Feyer!, C.M.Schneider!

LPeter Griinberg Institute (PGI-6), Forschungszentrum Jiilich GmbH,
Jiilich, Germany
2 Dipartimento di Scienze Chimiche, Universita degli Studi di Padova, Padova, Italy
3 Technische Universitit Dortmund, Experimentelle Physik VI, Dortmund, Germany
4 CNR-IOM, Lab. TASC, Trieste, Italy
> Institute of Physics, University of Graz, NAWI Graz, Graz, Austria
® Swiss Light Source, Paul Scherrer Institute, Villigen PSI, Switzerland
e-mail: i.cojocariu@fz-juelich.de

Due to its unique magnetic properties offered by the open-shell electronic
structure of the central metal ion, and for being an effective catalyst in a wide variety
of reactions, iron phthalocyanine has drawn significant interest from the scientific
community. Nevertheless, upon surface deposition, the magnetic properties of the
molecular layer can be significantly affected by the coupling occurring at the
interface, and the more reactive the surface, the stronger is the impact on the spin
state. Here, we show that on Cu(100), indeed, the strong hybridization between the Fe
d-states of FePc and the sp-band of the copper substrate modifies the charge
distribution in the molecule, significantly influencing the magnetic properties of the
iron ion. The Fe''ion is stabilized in the low singlet spin state (S=0), leading to the
complete quenching of the molecule magnetic moment. By exploiting the
FePc/Cu(100) interface, we demonstrate that NO, dissociation can be used to
gradually change the magnetic properties of the iron ion, by trimming the gas dosage.
For lower doses, the FePc film is decoupled from the copper substrate, restoring the
gas phase triplet spin state (S=1). A higher dose induces the transition from ferrous to
ferric phthalocyanine, in its intermediate spin state, with enhanced magnetic moment
due to the interaction with the atomic ligands. Remarkably, in this way, three
different spin configurations have been observed within the same metalorganic/metal

interface by exposing it to different doses of NO; at room temperature.
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Scheme 1. Schematic representation of the systems leading to the stabilization of
three different spin configurations of the Fe center. Left: at the FePc/Cu(100)
interface the Fe'' is stabilized in the singlet spin state due to the charge transfer from
the copper substrate; middle: at low dose, the atomic oxygen generated from the NO,
dissociation at the interface partially decouples the molecule from the substrate
stabilizing the Fe' in the triplet spin state; right: after high NO, dose the iron
undergoes the ferrous to ferric transition due to the coordination of two oxygen atoms
In cis position. Both at low and high NO; doses the surface is involved in the
oxidation process.

[1] 1. Cojocariu, S. Carlotto, H. M. Sturmeit, G. Zamborlini, M. Cinchetti,

A. Cossaro, A. Verdini, L. Floreano, M. Jugovac, P. Puschnig, C. Piamonteze,
M. Casarin, V. Feyer, C. M. Schneider, Chem. Eur. J. 27, 3526 (2021).
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PO NMO310BKHI EJJEKTPOMATI'HITHI XBUJII Y XBUJIEBOJAX,
IINTASMOHAX, AHTEHAX I JTABEPHHUX ITYYKAX,
IO IIEPETUHAIOTBCA

M.A.T'at'sH?, B.M.CI/IMYJII/IKZ, T.M.3asmp!

YIBH3 « Yarczopoocekuii nayionanvhuti ynisepcumemy, Yczopoo
2[ucmumym enexmpounoi pizuxu HAH Yrpainu, Yoceopoo
e-mail: hatian.mykhailo@student.uzhnu.edu.ua

3 4aciB CTapTy YKFOPOJACHKMX BUEHHX Yy IMX JOCTKEHHsAX [1, 2], ski Oynu
samoBieHl H.I1. XBopoctenko [3, 4], inTepec 10 1aHoi mpoOieMaTUKU Haa3BUYAHO
Bupic [5-19]. Cporoani He Mae HEOOXIAHOCTI OOOB’SI3KOBO IMPONOHYBATH
EKCIIEPUMEHTH, aJ[KE BEJIMKA 1 IIJIKOM JIOCTaTHS KUIBKICTh JIOCHI/IIB B3KE MOCTaBIICHA
[5, 8, 11, 13-16] i yekae Ha JOJATKOBI IMOSICHEHHS Ta TEOPETUYHI MOCIIL.

XBuieBoau. EnexrpomartiTHe mojie y XBUJIEBOJAX HE € YUCTO MOTICPEUHUM.
Came Ha OCHOBI XBWJIEBOMIB 3amaTeHToBaHUM «llpucTpiil myisi BUIPOMIHIOBAHHS
MO3J0BKHBO-CKAISIPHUX ~ eNeKTpoMarHiTHUX xBwib RU 2287212 Cl»  [5].
BigmiuaeMo HasiBHICTH TMO3/I0BKHBOI KOMIIOHEHTH TaKOXK 1 y BEKTOpa MarHiTHOTO
noJist (auB. [6] K AomoBHEHHs ). Huxkue TBEpIKEHHS MPO MO3J0BKHIO KOMIIOHEHTY
pOOUTHCS JTMIIE JIs1 BEKTOPA €IEKTPUYHOIO MOoJIs (1 JUIsl CYITyTHBOI CKaISPHOI XBUII1).

Ilna3MoHu. ABTOpU TE€OPETUYHOT POOOTH [7] BUBYAIM 3a/1auy MPO IJIa3MOHU Y
Bakyymi kBaHTOBOi enexktpoauHaMiku (KEJI). Tlokazano, mo ©6030Hi30BaHa Bepcis
(1+1)-BumipHoi KEJ] nonyckae icHyBaHHS KJAaCHYHHUX CTIHKHX, MEPIOAUYHHX Y Yaci
PO3B’S3KiB, TOOTO CTOSYMX XBWJIb TO3J0BXHBOTO EJIEKTPUYHOTO TOJS 1 TYCTUHU
noJisipu3aliii Bakyymy. HasiBHICTh TO370BXKHIX €JIEKTPOMArHITHUX XBWJIb y TUIa3Mi
00roBOprOETHCS Bke moHa S0 POKiB.

AHTeHH. Y [8] onmHMcaHO €KCIIEpUMEHTAIbHY PEECTPAIIiI0 KYJIHOBOK aHTCHOO
CKaJIIpHOI XBWJII TOTEHINANTy, pa3oM 13 MO3/I0BXKHBOIO EJIEKTPUYHOIO XBHUJICIO, Y
HaIpsSMKy pO3IMOBCIO/KEHHS. TuM He MeHIe, aBTopu [9—11] BUCTOBIIOIOTH CYMHIBU
1010 IILOTO PE3YJbTATy K 3 TeopeTu4Hoi [9, 10], Tak 1 3 eKCIEPUMEHTAJIBHOI TOUKH
30py [11]. ABTopam [11] He Bmamocsi moBTOpUTH pe3yabTaT [8], a y poboti [10]
JOBECHO, IO eKcrnepuMeHtaropu [8] peectpyBanu kimacuudi TEM  xBuii,
BUIPOMIHEHI CTPyMaMH, LI0 TEKJIW MO 3emyl, 1 Oylid CIOPUYMHEH] KYJIbOBOIO
AHTEHOI0, SKa BHUKOPUCTOBYBAJIACH Yy JOCHIAl. Y TeopeTuuHid pobdoti [12]
JOCIIKEHO BUIPOMIHIOBAHHS €JIEKTPOMArHITHUX MOJIB T'YCTUHOIO E€JIEKTPUYHOIO
3apsy, sika pO3MOUICHa PIBHOMIPHO Ha MOBEPXHI MPOBiAHOI cdepu. PesynbTyroue
CJICKTPOMATHITHE TIOJIE Ma€ sIK TOMEepPeyHl, TaK 1 MO3/I0BXKHI KOMIIOHEHTH. Portop
MarHiTHOTO TOJS Ja€ JIHMIIE TOMEPeYHl KOMIIOHEHTH €JIEKTPUYHOTO TMOJs, SIKi
sasiexkarh Big 1/r. [1o300BKHE eIeKTpUUHE MOJIe 3aJICKUTh IMPOCTOPOBO Bix 1/r 1 HE
B3a€EMOJII€ 3 ITONEPEYHNM MAarHiTHUM IT0JIEM, OCKIJIbKHM BOHO HE Ma€ poTopa.

JlazepHi my4yku, 1m0 nepeTUHAOTHCA. [ eHepallis paaiabHO MOJSIPU30BAHUX
MPOMEHIB Ha OCHOBI iHTepdepomeTpii cnoctepiranack y [13]. Hocmimkeno, o,
Oynyuu c(hOKyCOBaHUM, paialibHO MOJSPU30BAHUMN MPOMIHb MA€ YUCTE MO3JI0BXKHE
mojie, KOpPUCHE ISl MPUCKOPEHHS YaCTHMHOK 1 IIJIKOM MOXKJIMBO, IO Ma€ 1HII
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yHIKaJbHI 3acTocyBaHHs. [IpogeMoHCTpOBaHO /1Bl pi3HI METOUKH, SIKI 0a3yl0ThCS Ha
iHTepdepoMeTpii, MEpEeTBOPEHHI JIIHIMHO TMOJSPU30BAHOTO CBITJIA B pajdiajibHy
nonsgpuzamito. Y poboti [14] BuBYasioch 4iTKe (OKYCYBaHHS [JIsl pajiajbHO
MOJIAPU30BAHOTO TMpOMeHsl cBiTia. [lokazaHo, 10 pajiadbHO MOJSPU3OBAHE IIOJIE
MOke OyTH C(OKYCOBAHO O PO3MIPYy IUIIMH, 3HAYHO MEHIIOI, HDK IS JIHIMHOL
nonsgpuzamii. Ilpu cunpHOMY (GOKyCyBaHHI pajiajJbHO TMOJIIPU30BAHE IIOJIE
NPU3BOAUTE JO TMO3J0BXKHbOI KOMIIOHEHTH EJIEKTPUYHOIO Mojs y (OKycCl, SKUU €
YITKAM 1 BIIIIGHTPOBAaHUM Ha ONTHUYHIN oci. HemonaBuo B [15] OyB mpencraBieHuit
OPOCTUI  eKCIEPUMEHTAIbHUI METOJA TeHepalii 1HTEHCHUBHOTO I03/I0BXXHBOTO
EIEKTPUYHOTO TIOJIS 3 TTONEPEUHUX E€JIEKTPOMATHITHUX XBWJIb (JJa3€pHUX IMITYJILCIB),
AK1 MaloTh pajialbHO-CUMETPUYHY MOJISIpU3alliio. ['eHepoBaHe Ja3epoM MO3I0BKHE
CJIEKTPUYHE TI0JIe CIOCTEPIraioch y ABOX BUMIpax 1 BAPI3HSIOCH BiJ MOMEPEUHOT
CKJIaJIOBO1 3a IOMOMOTO0I0 MeToay ontuuHoro edexty Keppa. ExcnepuMenTanbHi Ta
TEOPETUYHI JIOCIIIKEHHS B poOOTI [16] 10BOIATH, 1110 TTO3JI0BKHS KOMITOHEHTA TOJIS
Ma€ MaKCUMaJIbHY aMILTITy1y, KOJU ‘3BUYaiiHa” KOMIIOHEHTA T0JIs JIOPIBHIOE HYIIIO.
3acTtocoByBaBcs notyxHuil npomucioBuii CO; nazep. Y [17] po3paxoBaHo mOjs Ta
XapaKTEPUCTUKU TOMIMPEHHS Yy BaKyyml HaJKOPOTKOTO MWIUIBHO C(OKYCOBaHOTO
padiaiibHO TOJIIPU30BAHOTO JIA3€pHOTO IMIylbey. Y [18] 3a momomoror MeTomy
BEKTOpHOT Judpakiii Moka3aHo, WO JUIsl TO3JOBXKHBOIO TMOJS MAaKCUMyM Y
2,2x10% B/cM nocsraeThest Ha OCHOBI pajiaabHO HonsipuzosaHoro 11,2-¢c, 11,2-7x
PIBHOMIPHOTO Y POl JIa3€pHOTO IMITYJIbCY.

BiaMiTMO 0COOIMBO HAABHICTH B Y3KIOpOAl SIK PI3HOMAaHITHUX J1a3epiB, TaK 1
MEPIIOTO TEOPETUYHOTO omucy [2, 19] MO3MOBXKHIX €JIEKTPO-CKAISIPHUX XBUIIb Y
paMKax 3BUYANHOI KJIACUYHOT €JIEKTpOAMHAMIKK MakcBena.

[1] B.M. Cumynuk, TM® 87, 76 (1991).

[2] I.Yu. Krivsky, V.M. Simulik, Uzhg. Univ. Sci. Herald: Ser. Phys. 2, 121 (1998).
[3] H.IT. XBopoctenko, U3B. BY3o08: Cep. ®us. 3, 24 (1992).

[4] H.IT. XBopoctenko, HUP «3¢up», M.: BHTHUL] Ne I'P 01910008626 (1990).
[5] FO.H. Kysneros, ITatent Pociiicskoi @eneparii, RU 2287212 C1 (2006).

[6] J.B. Driscoll at al, Optics Express 17, 2797 (2009).

[7] E.Yu. Petrov, A.V. Kudrin, Phys. Rev. A 94, 032107 (2016).
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[9] R. Bray, M.C. Britton, Europhys. Lett. 66, 153 (2004).
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[14] R. Dorn, S. Quabis, G. Leuchs, Phys. Rev. Lett. 91, 233901 (2003).

[15] G. Miyaji at al., Appl. Phys. Lett. 84, 3855 (2004).

[16] V.G. Niziev, V.P. Yakunin, N.G. Turkin, Quantum Electronics 39, 505 (2009).
[17] Y.1. Salamin, Phys. Rev. A 92, 053836 (2015).

[18] T.M. Jeong, S. Bulanov, S. Weber, G. Korn, Optics Express 26, 33091 (2018).
[19] V.M. Simulik, arXiv: 1606.01738v2, [physics. class-ph], 23 p. (2020).
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COLLISIONAL EXCITATION OF NH3z BY MOLECULAR HYDROGEN:
CLOSE-COUPLING CALCULATIONS FOR HIGHER KINETIC
TEMPERATURES

S. Demes and F. Lique

Institut de physique de Rennes (IPR), Université de Rennes, Rennes, France
e-mail: sandor.demes@univ-rennesl.fr

Ammonia (NHs) is the first polyatomic molecule, which was detected in the
interstellar medium (ISM) [1]. It has been widely used as a probe of physical
conditions in interstellar environments, like pre-stellar cores, molecular clouds,
external galaxies [2]. Due to the inversion motion of the symmetric top NHs, its
rotational energy levels are split into two sublevels, denoted by index e=+1. The
intensity of the inversion lines of NHj3; thus could be used in a role of a
“thermometer” to probe the temperature of the gas in the ISM [3]. The calibration of
such “ammonia thermometer” depends on the accuracy of the collisional rate
coefficients [4].
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Fig. 1. State-to-state cross sections for rotational de-excitation
of ortho-NH; by para-H,.

We have calculated state-to-state rotational de-excitation cross sections (CSs)
and collisional rate coefficients (RCs) of ortho(o)- and para(p)-NHs in collision with
0-H, and p-H,. The CSs were calculated up to 2600 cm™ collision energies by the
close-coupling method, using the HIBRIDON scattering code. We used an interaction
potential (PES) for the collision system, as it is proposed by Maret et al. [3]. The
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calculated cross sections depending on collision energy are shown in Fig. 1 for some
selected transitions in 0-NHsz+ p-H, collision. The initial and final states of the
transitions are denoted by ji¢, where j is the total angular momentum of NHs, K is its
projection on the Cs rotational axis, and = + is the symmetry index [4]. The state-to-
state rate coefficients were calculated in the 0—-500 K temperature range by
integrating the cross sections over a Maxwell-Boltzmann distribution of relative
velocities. Worth noting here that Bouhafs et al. [4] calculated the CSs up to
1600 cm™ total energies and the RCs up to 200 K temperatures for the NHs + H,
collision system using similar numerical techniques, however there is a high demand
on reliable collisional data at higher kinetic temperatures as well.
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Fig. 2. Thermal rate coefficients for rotational de-excitation of
ortho-NHj3 by para-H..

Our rate coefficients are presented in Fig. 2. for the same transitions, as
indicated in Fig. 1. The RCs are plotted as a function of the Kkinetic temperature.
Further results are to be presented in the conference.

[1] A.C. Cheung, D.M. Rank, C.H. Townes et al., PRL 21, 1701 (1968).

[2] P.T. Ho, C.H. Townes, ARA&A 21, 239 (1983).

[3] S. Maret, A. Faure, E. Scifoni, L. Wiesenfeld, MNRAS 399, 425 (2009).

[4] N. Bouhafs, C. Rist, F. Daniel, F. Dumouchel, F. Lique, L. Wiesenfeld, A. Faure,
MNRAS 470, 2204 (2017).
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CTPYKTYPHI, EJEKTPOHHI TA OIITUYHI BJIACTUBOCTI
CHsNH3PbBrs: PO3PAXYHOK 3 NEPIIUX ITPUHIIUIIIB

M.Koganenko, O.boerupa, O.Kozauenko

JIvsiscorkuti HayionanbHul yHisepcumem imeri leana @panka, JIvsie
e-mail: mariya.kovalenko@Inu.edu.ua

OpraHiyHO-HEOpPTaHIYHI ~ TaJOTeHiAHI  TepoBckitTh  (perovskite)  Ha
CBOTOJHIIIHINA JeHb OJHI 3 HaﬁnepcneKTnBHimHX MaTepiajiB sl CTBOPEHHS
ecbeKTHBHHX HEJOPOTUX, TOHKOILIIBKOBUX ONTOEIEKTPOHHUX npuctpoiB [1]. Lli
MaTepiali  MarTh BIIACTUBOCTI, BaXJIHBI SK 3 TEOPETHYHOTO, Tak 1 3
EKCIIEPUMEHTAJIbHOTO  MOTJSAY. BaXJIMBUM  acleKTOM  JIOCHIJKEHHS  TaKHX
NEPOBCKITHUX MaTepiaiiB € PO3YMIHHA iXHbOI €JIEKTPOHHOI CTPYKTYpPH, 0, Y CBOIO
4yepry, CTaHEe BaXJIMBUM KPOKOM 0 PO3ILIMPEHHS MOKIMBOCTEN 3aCTOCYBAHHS TaKUX
MarepiaiiB. SIKICHO TouHE 300pa)K€HHS EJIEKTPOHHOI CTPYKTYpU JOCIHIHKYBaHHUX
MEPOBCKITIB MOE JIaTW JOJATKOBI 3HAHHS TPO TPAHCHOPTHI BIIACTUBOCTI TaKUX
Marepiais.

Cepen BEIMKOTO PO3MAITTSl OpraHIYHO-HEOPTaHIYHUX T10PUAHUX MEPOBCKITIB,
CIIOJIYKUA Ha OCHOB1 OpOMITy CBUHITIO € I[IKAaBUMHU Ta B1JIOMUMU HaIIBIPOBIIHUKAMHU 3
OpSIMUMH ~ €HEPTeTUYHUMH  [IUIMHAaMHA. MoJenbHuM 00 €KTOM ISl IIHOTO
nocmimkenns crana cnoiayka CHsNH3PbBrs, ska nemonctpye temneparypo-3anexHi
(dazoBl mepeTBOpeHHs. B 1bOMY MOCHIKEHHI MPOBEACHO aHaji3 Ta MOPIBHSHHSA
CTPYKTYpHUX TapaMeTpiB, E€JIEKTPOHHOI CTPYKTYpH Ta ONTHYHHUX BIACTHBOCTEH
nepoBckiTy CH3NH3PbBr; 3 BukopucranHsM HaWOLIBII AOCTYMTHUX METOJIB TEOPii
¢ynkuionany ryctunu (DFT). KpiM Toro, Mu mpeacTaBisieMO KOMIUIEKCHUN OTJISI
11 KyOiuHO1, OpTOpOMOiuHOT Ta TeTparoHaabHoi Kpuctamiuaux a3 CH3NH3PbBrs; B
MOPIBHSIHHI 3 €KCIIEPUMEHTAIbHO OTPUMAHUMU 3HAaYCHHSIMH.

Binomo, mo TouHiCTH po3paxyHKiB y pamkax DFT cuiabHO 3alexuTh Bij
OOMIHHO-KOPEJISILIMHOIO TMOTEHIllally, SKMi BUKOPHCTOBYETHCS B pO3PaXyHKax.
BcranoBneno, 1m0  Hailkpamie — y3rO/[DKEHHS ~ MDK ~ TEOPETUYHMMH  Ta
EKCIIEPUMEHTAIFHUMU ~TIapaMeTpaMHu IPATKU OTPUMYEMO TpU BUKOPUCTAHHI
naomkenb GGA-PBEsol ta GGA-PBEsol+U. Po3paxyHku e1eKTpOHHOT CTPYKTYpH
MMOKa3aliu, 10 BC1 KpUCTaIIuHI dhazu CH;3NH3PbBr3; BOJIOJIIOTH
HaIIBIPOBITHUKOBUMH BJIACTUBOCTAMHM 3 MPSIMUMHU 3a00pOHEHMMHU 30HaAMU. AHAII3
ONTHUYHUX BJIACTUBOCTEH TPbOX KPUCTAMUYHUX (a3 AOCIIAKYBAHOTO MEPOBCKITY
BKa3ye€ Ha IIMPOKUI TeMIepaTypHUH Aiana3oH BUKOPUCTAHHS II€T CIIOJTYKHU.

Po6ora BukoHana B Mexax mnpoekty 2020.02/0130 “baratodyHKIioHalbHI
OpraHigyHO- HeopraH1qH1 MarHiTOCNEeKTPUYHI, (OTOBOIBTATUHI 1 CIUHTHISAIINAHI
marepiamun”  (peectp Ne 0120U104913) 3a paxyHOK TIpPaHTOBOI IMIATPUMKH
HarmionansHoro dhoHIy A0CTIHKEHb YKpaiHu.

[1] G. Zhang, G. Liu, L. Wang, J.T.S. Chem. Soc. Rev. 45, 5951 (2016).
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ATOMHA CUCTEMA BAHAIIO: PO3PAXYHOK CTPYKTYPHU

A.A.Kouemba, B.1O.JIazyp
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e-mail: alicekochemba2005@gmail.com

Bananiii HaneXuTh 10 €JIEMEHTIB, IO MAalOTh IIHPOKE 3aCTOCYBaHHS Y
MeauiuHi, (Gotorpadii, BUpOOHHUIITBI BaHAMIEBOI CTa 1 HAYKOBUX JOCIIIKCHHSX.
Bananiii 3acTOCOBYIOTH SIK KOHCTPYKLIMHMI MaTepial B SACPHUX peakTopax, a
CIUTABY HAa OCHOBI TUTaHy 3 J0OaBKaMH BaHAJIF0 — B aBlalliiHIA 1 paKeTHIA TEXHIIII.
[IpoTe ekcrepuMeHTaNbHE JOCHIIKCHHS aTOMHOI CHCTEMH BaHAIII0 € JyXKe
CKJIQJIHUM, 1 TIPAKTHUYHO €IMHUM JKEPENIOM JaHUX LIOJ0 XapakTepucTuk € +V Ta
hv + V™ -po3cisiHHS € TeopeTHuHi po3paxyHKH. [IpakTHyHa Ba)JIMBICTh MOMIOHHX
o0uYnCIIeHb, OKPIM BJAacCHE BHMBYEHHS CyYaCHHUX METOJIB PO3paxyHKy aTOMHOI
CTPYKTYPH, BHU3HAYA€TbCA HEOOXIJHICTIO IOAAJBIION0 3aCTOCYBAHHS OTPUMaHHUX
CSF-6a3uciB  mjis  OOYMCIICHHS XapaKTEPUCTHK EJIEKTPOH-aTOMHOTO PO3CISHHS.
HaGopn aroMHHMX KOHCTaHT, OAEpaHl Yy IpoLecl pO3paxyHKIB CTPYKTypHU aroMa
BaHAIl0, € BAXJIUBOI MEPEAYMOBOIO ISl MOJAJIBIIOI0 OTPUMAHHS XapaKTEPUCTUK
po3cisiHH € + V. 3HadeHHs OCTAaHHIX [OBUHHI pO3NIAJATUCA B 3arajibHOMY
KOHTEKCTI, TOOTO $K I NOPOSCHEHHS (YHIAMEHTAIBHHUX AaCIEKTIB MpoOieMu
31ITKHEHHS €JIEKTPOHIB 3 aTOMaMHU, TaK 1 IX peani3auli y NpUKIaJHUX 3aaa4ax (i3uKu
ma3Mu, acTpo(i3WKH, 3a7adl KEepOBAaHOIO TEPMOSAJIEPHOTO CHUHTE3Y, NOOYIOBH
JIa3€pHUX IIPUCTPOIB.

ATOM BaHaJll0 HaJIEXKUTh 10 eneMeHTiB VB rpymnu Ilepiognunoi cucrtemu,
nopsii 3 aromMamMu HiOO1t0, TaHTany, ayOHito. 3apsn sapa — 23. EnekTpoHHa
KOoH(Iryparliss OCHOBHOIO cTaHy Mae BUIIsi: 15%22522pf3s23pf3d34s? “F.

Cnextp Banamiro, 3rimHo manux NIST [1], € ckmagaum. HuxHbOMY piBHIO
BiIIOBINalOTh 4YOTHPU pi3HI Tepmu TOHKOI cTpyKTypH (*Fap, *Fsp, *Fro ,*Fop)
KoHQirypauii ocHoBHOro crany 30°4s? 3 eneprismu, Biamosizno, 0.0, 0.017, 0.04,
0.069 eB. 3nauenns eneprii OCHOBHOTO cTaHy B LS-HaGmkeHHI Mae OyTH OTpUMaHO
3a paxyHOK BaroBOoro YCEpPEJHEHHS pIBHIB TOHKOi CTPYKTYpH KBapTeTy
3d%4s2*F3507202 m1pum  mepexomi  Bim  LSJ-npencrasmenmns NIST [1]  mo
BUKOPHCTOBYBAaHOTO HaMu HaOmmxeHHs! LS-3B’s3ky. [locTiiiHO BimkpuTa BHYTPIIIHS
3d-000J10HKA TIPY 3aKPHUTIH/BIAKPUTIH 30BHIIIHIN 4S-000JI0HIII TPU3BOIAMTH JI0 MOSBH
Iy’)K€ BEJIMKOTO pO3MAaiTTsI $K MNPOMDKHMX, Tak 1 moBHUX LS-tepmiB. Tak,
xoH(irypamuis ocHoBHOro crany 3d%4s? mosxe mMatu mpomixHi (i, BiANOBiIHO, MOBHI)
tepmu “F, 4P, 2G, ?P, 2D, ?H — 3 nopsakoBuMu Homepamu LS-ctanis 1, 4, 5, 6, 7, 10,
BIAMOBIJIHO. [HI 30y/>KEH1 PiBHI CIEKTPY BaHAIII0 YTBOPEHI MEPEBAXKHO IMIISIXOM
30ypeHHs OJHOTO 4S-eJIeKTPOHA 3 BAaJlCHTHOI OOOJOHKM 4S° Ha SKMiich 13
CIIEKTPOCKONIYHUX piBHiB KoHpirypauiii 3d*(°D, 3H, 3P, 3F, °D, 3G, 'G,!I, 1D)4s, nl
(n=3,4,5,6,7,1=0,1, 2, 3, 4), 3d® (*F)4s4p(®P), 3d° ta 3d*(°*D)4p. [ns npuxiany,
npoOIEMHMM Ul pO3paxyHKy € 14-i, 15-i1 ta 19-i1 LS-pimi, 3d3(*F)4s4p(3P°)
®De°,5F°, 3d° °S. Bce 1e BuMarae BHECEHHS 3HAYHUX KOPEKTHB Y IMOPSIIOK PO3PAXYHKY
KOH(QIrypaliiiHuX CTaHiB aromMa BaHajil0. HasBHICTb y HWXKHIN YacTHHI CHEKTPY
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CTaHiB 3 po3MmopoxkeHuMmu 30- Ta 4S-00070HKaMH BKa3ye Ha HEIOCTaTHICTh
ypaxyBaHHSI B pO3paxyHKax TUIBKU 6aneHmHoi Kopenayii, 0€3 OJHOYaCHOTO
BpaxyBaHHS KOp-BJICHTHOi. BiIHOCHO HeBenuKWil 3apsia siapa 1 BIACYTHICTb
CHUJILHOTO PO3IICTUICHHS SIKOTOCh 3 piBHIB Ha LSJ-mijapiBHI, CBIIYUTH MPO BITHOCHO
Mainy pojb persimusicmcbKux egexkmis y po3paxyHKy HWK4YuX 20-25 eHepreTHYHuX
PIBHIB.

Ha pucynky 1 HaBegeHo eHeprii 30y/KEHHS Eexit CIEKTPOCKOIMYHUX CTaHIB,
orpumanux Hamu y ogHo- (HF) 1 6araroxondirypaniiinomy (MCHF) po3paxyHkax.
[x 3HaueHHs mNOpPIBHIOIOTBCA 3 ekcnepuMeHTanbHuMu jgamumu NIST [1]. B
3araJbHOMY TOYHICTH PO3pPaxyHKIB CHEKTPY C€HEprid NI aroMa BaHAIIIO CKJIaaae
0.02-0.8eB, mo € 30BCiM HEMOraHO, BPaxOBYIOUM OO €KTUBHY CKJIQJHICTb
JOCITIKYBaHO1 aTOMHO1 CUCTEMHU — HEHTPAIIBHOTO BaHAIIIO.

In T I N ] T ] N ] v ] N ] v ]
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[Topaakoeuii HOMED CTaHy

Puc. 1. Cxema po3MillleHHsSI €eHEPreTUYHUX MOPOTiB 30yMKeHHS Eeyit aTOMa BaHaI1O
3a nanumu NIST [1] (wopHi noBri mtpuxu). Jlani HaBeaeHi B LS-naGnuxenHi. Jlani
NIST nopiBasiHI 3 HammMm# OHO-KOHGIrypamniiitaumu HF-po3paxyHkamu eHeprii
CHEKTPOCKOMIYHUX PIBHIB (YEpPBOHI JOBI1 IMITPUXHU) Ta OaraTOKOHQIryparidiHuMu
MCHF-po3paxyHkamu (CHHI KOPOTKI IITPUXH).

[1] A. Kramida, Yu. Ralchenko, J. Reader, and NIST ASD Team, NIST Atomic
Spectra Database version 5.6.1 (2018), (https://physics.nist.gov/asd ).

[2] C. Froese Fischer, Comput. Phys. Commun., 64, 369 (1991).

[3] O. Zatsarinny, Comput. Phys. Commun., 174, 273 (2006).
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BIIV/IUB JIEI'YBAHHA ATOMAMM 111 I'PYIIX EJIEMEHTIB
HA EJIEKTPOHHY CTPYKTYPY ZnO

M.Kosanerko?!, O.bosrupa?, B. JI3ikoBchkmiil,
A Kamry6a?, I'.Inpuyk?, P.ITetpycs?, I.Cemkin?

YUlvsiscoruii nayionanvnuii ynisepcumem imeni leana @panxa, JIveie
2Hayionanvnuil ynisepcumem «JIv6iscoka nonimexnixay
e-mail: mariya.kovalenko@Inu.edu.ua

Oxcun 1mHKY (ZnO) — BIJOMHM  HIMPOKO30OHHHM  HAIIBIPOBIIHUK
(Eq=3,37 eB), 3 Benmkorw eHepriero 3B’s3Ky ekcutoHa (60 meB) 3a kimMHATHOI
temnepaTypu [1], skuil Biairpae BaXJIHUBY POJIb Y PI3HUX TEXHOJOTTYHUX OOJIACTSX,
TakKMX SK Ta30Bl ceHcopH, mpo3opi mnpoBinHi okcuau (TCO), piakokpucTadivHi
JUCIUIET, TTPO30pl TOHKOTUTIBKOBI TPAH3UCTOPH, COHSYHI €lleMeHTH Ta 1H. OgHuM 3
e(eKTUBHUX CHOCO0IB 3MiHM BiactuBocted ZNO € HOro jeryBaHHS Pi3HOTO POIY
nomimkamu. OctanHiM Yacom ZnO, neroBanomy aomimkamu Al, In Ta Ga,
NPUIUISIOTE BEJUMKY yBary sik cucteMi ZnO 3 N- TUIOM MPOBIAHOCTI, TOCHIIXEHb
Ipo IHIII TPUBAJEHTHI JAOMIMIKK 3HayHO MeHme. IIpore, BmactuBocTi ZnO,
neroBaHoro aromamu Tl, La, Y Ta Sc, BKa3zyloTb Ha NEpPCHEKTUBY HOro
BUKOPUCTAHHS SIK albTepHaTUBHOTO MaTepiay 1o TCO [2].

Y mii pobOTI TPOBENEHO TEOPETUYHI JOCHIPKEHHS CTPYKTYPHUX Ta
eNeKTpOHHUX BractuBocted ZnO, neroBanoro artomamu III rpymu ememeHTIB
nepioAnYHol Tabnuil, 30kpema aromamu 11, La, Y Ta SC, 3 pi3HOIO KOHIICHTpAIIi€l0
nomimmku. [lepmonpuHIMIHI po3paxyHKHU MPOBEAECHO B MEKax Teopii (yHKIIOHATY
ryctunu (DFT), BukopuctoBytoun HaOmmkeHHs y3aranbHeHoro rpagieHTta (GGA) 3
nonpaskamu ['ab6apnaa ayis TouHOTO onucy enekTpoHHoi cTpykrypu (GGA+U). s
PO3paxyHKy pI3HUX KOHIEHTpAIiil IETOBAHUX aTOMIB MU PO3TJISTHYJIN CYTIEPKOMIPKH
2 x2 %213 X3 X2, BSIKUX OJUH aTOM Zn 3aMIIICHUN OJHHUM aTOMOM JIETYHOYOi
JTOMIIIKH 1 BIJIMIOB1Ia€ piBHAM JieryBaHHs 6,25 1 2,78%, BIMOBIIHO.

Pe3ynbTaTi po3paxyHKiB MOKa3yloOTh, 1[0 TapaMeTpu Ipatku ZnO, JIETOBAHOTO
atomamu Tl, Y, Sc Ta La, niHiliHO 3pocCTaroTh 31 30UIBIIEHHSIM BMICTY JIET'YIOUOi
noMmilku. BHacnifok seryBaHHs piBeHb DepMi 3CyBaeThCsl Bropy MO €HEPreTHYHI
IIKaJII B 30HY MPOBIJHOCTI JIJIi BCIX JITOBAHMX CHCTEM HE3aJIe)KHO BiJ PIBHSA
KOHIIEHTpallii aomimku. Jlis Bcix JseroBaHux cucteM Zn(O BCTAHOBJICHO, IO
ONTWYHA IIUPHHA 3a00pOHEHOi 30HM 3pocTae, a ¢yHIaMEHTaIbHA [IHUpPUHA
3a00pPOHEHOT 30HU 3MEHITYETHCS 31 30UTBIIICHHSIM KOHIICHTPAIII] JIETYI0UO0i JOMIIIKH.
CnoniBaeMocs, 10 OTpUMaH1 pe3yJbTaTH MEPIIONPUHIIUITHUX PO3PAXYHKIB CTAHYTh
KOPUCHUMU [IJISl LUJIECTIPSIMOBAHOTO TMPOBEACHHS €KCIIEPUMEHTAIBHUX JTOCIHIKEHb
BIUTUBY JieryBaHHs atroMamu III rpymu enemeHTIB mepiogu4HOi TaOJWIll Ha TOHKI
mwiiBku ZnO.

[1] KJ. Kim, Y.R. Park, Appl. Phys. Lett. 78, 475 (2001).
[2] T. Minami, T. Yamamoto, and T. Miyata, Thin Solid Films: Japan, 366, 63 (2000).
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ELECTRON INTERACTION WITH FREE
AND CONFINED ATOMIC SYSTEMS

L.Sharma

Department of Physics, Indian Institute of Technology Roorkee, Roorkee, India
e-mail: lalita.sharma@ph.iitr.ac.in

In the talk | will present the recent research activities of our group at IIT
Roorkee. The first part of the talk will be focussed on endohedral entrapment of atom
inside fullerene cage which can be synthesized in laboratory owing to rapid
development in experimental technology. The confinement of atoms leads to distinct
and interesting changes in their physical and chemical properties. The spatial
entrapment of atoms or molecules is possible in nature as well as artificially e.g.,
impurity atoms in mesoscopic scale semiconductor artificial structures, molecular
zeolite sieves, fullerenes and quantum devices. | will discuss our latest results on
elastic scattering of electrons from entrapped Ca atoms.

Study of atomic processes in plasma environment has received a great attention
in recent years due to their important role in diagnostics of variety of plasmas. In
plasma environments, screening of Coulomb interaction takes place due to presence
of correlated many-particle interactions. As a result of screened Coulomb potential,
the electronic structures of atomic systems embedded in hot and dense plasma
environment may be remarkably different from their corresponding isolated
candidates. In this connection | will discuss our recent investigations on electron
Impact excitation of plasma embedded Mg* from its ground state (3s) to the first
excited state (3p) using relativistic distorted wave (RDW) theory together with the
relativistic coupled-cluster (RCC) method to obtain the wavefunction of the Mg* at
various plasma strengths.

In the last part of the talk, I will discuss our latest work on electron impact
excitation of highly charged Xe ions. Studies on electron-atom collisions have been at
forefront of the research in Atomic Physics for more than a century now. Nonetheless,
investigating structural properties of atoms and ions as well as their interaction with
charged or neutral projectiles continue to be intriguing part of the research. Extensive
theoretical and experimental work is available on excitation of one and two valence
electron atoms from their ground as well as excited states. However, electron impact
studies for open shell atoms and highly charged ions (HCI) are rare and in great
demand due to their various applications in understanding laser produced plasmas,
extreme ultra-violet (EUV) and X-ray laser developments, inertial confinement
fusion and astrophysics.
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BUSABJIEHHSA CJIIAIB EHIOTI'EHHOI'O AETOHY
OJIYOPECHEHTHUMU HAHOKOMIIO3UTAMU AEPOCUJI-KYMAPHH 4

S.I1.J1azopenko, B.I1.Mimaii, A.I'.Muctopa

Incmumym npuxknaonux npoonem gizuxu i biogpusuxu HAH Ykpainu, Kuis, Yxpaina.
e-mail: lazorenko85@gmail.com

VY ToBiTpi, IO BHUAWXAE JIIOJWHA, MICTUTHCA KUIbKA COTEHb PI3HHUX JIETKHX
pPEUYOBHMH-META0O0IITIB 1 Ta3iB, SKI MOTPAILIAIOTH 3 KPOBOTOKY B aibBEONH 1
OpoHXiaJbHI CTPYKTYPH JIETEHb. binpmiicth 3 HUX MICTHTBCS B YK€ HH3BKHUX
KOHI_IeHTpaI_IlHX 1 Kopeoe 3 IHTEHCUBHICTIO TICBHUX TPOIECIB KUTTEMISUTBHOCTI
Oprasizmy a0bo MaToJOTIYHUX MPOIECIB.

AUIETOH € OJJHUM 3 BaXXJIUBUX 1 HaWOLIBIII BUBYCHUX MapKepiB 3aXBOPIOBAHb
JIOJIMHU, TaKUX SK TOpPYIIEHHS OOMIHY pEUOBHMH TIpU IIYKpOBOMY Jia0erTi,
MaHKpPEaTUTI, CEepIeBI HEJOCTAaTHOCTI, paKy JIETeHIB, a TaKOX JCIKHX IHIIHUX
3axBOpIOBaHHAX. KOHIIEHTpaIllisi alleTOHy B TMOBITPI, SIKE BUIUXAETHCS, B MeEXKax
0.9 ppm (a6o 900 ppb) BBa)kaeThCsI HOPMOIO, a TIepeBuIleHHS Aianazony 0.9-1.8 ppm
BKa3y€ Ha PO3BUTOK 3aXBOPIOBAHHS Ha PaHHIM cTajli ab0 HAsIBHOCTI SBHOI MATOJIOT11
[1, 2].

Meron BHUMIpIOBaHHS Ta aHajll3y KOHUEHTpALil aleToHy Yy IMOBITPl, SKe
BUJIUXAETHCS, PO3TIIAETHCS SK HEIHBA3MBHHM, IO BHUKIIOYAE OOIIOYl MPOKOIH
HIKIpU 1 3a00pH KpPOBI IPHU 1HBA3UBHOMY METOJ1 IIFOKO30METPIi KPOB1 3 JOPOTHUMH
BUTpaTHUMHU  MmaTepiasaMud. OJHaK  HEOOXIJHICTh BHUCOKOI  YYTIMBOCTI 1
CEJIEKTUBHOCTI CEHCOPa, CTIMKOCTI O YMOB BOJIOT'OCTI 1 TEMIIepaTypH, CTaOIBHOCTI 1
A THIIMX XapaKTEPUCTHK OOMEXYIOTh MOIIYKM HOBUX CEHCOPHUX MaTepiamiB 1
AHATITUYHUX PIIICHb.

Y nHamiii poOOTI BUBYAIKMCS MOMJIMBOCTI TOCWUJIEHHS UYYTJIMBOCTI 1
CEJICKTUBHOCTI (DIyOPECIIEHTHOTO CUTHAITy HAaHOKOMITO3UTIB Ha OCHOBI1 JUCIIEPCHOTO
KpeMHe3eMy 1 KyMapuHOBHUX (iayopodopiB 10 HU3BKUX KOHIICHTpAIlid alleTOHY B
CEPEIOBUIII TTOBITPS, SIKE BUIUXAETHCSI.

Sk QIyopecleHTHO-UyTIMBI €JIEMEHTH HaMH JOCHIHKYBAIUCS TOPHUCTI
HAHOKOMITO3UTHI JUCIEPCHI CHCTEMH IMPOTEHHOr0 MAMOKCHAY KPEMHI0 (Si02)
aepocway Mapku a-380 3 mmTOoMOI moOBepxHew 380 M%/r, 3 iMOGiNI30BaHUM
(bIyopeclieHTHUM OpraHIYHUM OapBHUKOM 7-T1APOKCU-4-METHUIKYMApUHOM (TaKOX
Mae Ha3By KkymapuH 4). IlmiBkoBi 3pa3ku (opmyBanucs METOAOM MPSIMOIO
MpEeCcyBaHHS TOPOIIKY aepocwity. ImoOumizamiss OapBHHKAa Ha  MOBEPXHIO
HAaHOYACTHHOK aepOCHITY MPOBOAMIACS IIJISTXOM COPOILIii 3 pO3UHUHY B €TaHOJII.

DoToMFOMIHECIIEHTHI BJIACTUBOCTI CHUHTE30BaHUX HAHOKOMITO3UTIB
peecTpyBanucst Ha criektpodoromeTpi specord m-40 uv-vis (BupoOHUK carl zeiss) 3
NPUCTABKOIO Il BUMIprOBaHHs (uiyopeciieHIlii i Ha criekrpometpi sl40-2 (BupoOHUK
solar tii). BumiproBanHs KiHETUKH (IyOpecIeHIli 3pa3KiB MPOBOAWIOCT Y
CHeIiagbHO po3po0IIeHIN YCTaHOBIII Ha OCHOBI criekTpodoromerpa specord m-40 uv-
ViS 3 TPUCTABKOIO Jid BuUMiptoBaHHs ¢uryopecueriii. [Ipu mpomy 30y/KeHHS
dayopecieHIlii TpOBOAMIOCS Ha JOBXKHWHI XBUJI MaKCUMyMy CMYTH 30YyIKCHHS
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dbayopecrenii  3pa3kiB — 335 HM, peecTpailis IHTEHCUBHOCTI (DITyopecieHirii
npoBoawiacs B mianazoHi 360-900 HM, TOOTO 3 BHKOPUCTAaHHSM CBITIO(IIBTPA,
npo3oporo B Iii oOjacti. Ilim yac BUMIprOBaHHS BIAOYBajgoCs MPOKaYyBaHHS
MOJIENIbHUX CyMIIIEH TOBITPSI, K€ BUANXAETHCA, 3 3aJJAHUMU MIKPOKOHILIEHTpAIISIMU
aneToHy abo eTaHoJIy 4epe3 KBapleBy KOMIPKY 31 3pa3koM. OOcsr mpokadyBaHOi
CyMiIlll CTaHOBMB | JITp Mpu BCiX BuUMipax. MojenbHl 3pa3kd Ta30BUX CyMIIIEeH 3
3aJlaHUMH  MIKPOKOHILEHTPAIISIMA JIETKUX MOJIEKYJ OTPUMYBaJIM Ha CHELIaIbHO
pO3pO0JICHIN yCTAaHOBI 3 OTPUMAaHHS Ta30BHX CyMIIIEH Tak 3BaHUM CTAaTHYHUM
00'eMHUM METOJIOM.

B pesyapTari mpoOBENEHHX EKCHEPUMEHTIB BCTAHOBJIEHO, WI0 3pa3Ku
HAaHOKOMITIO3UTIB aepocwity a-380 3 1MOOLTi30BaHMM KyMapuHOM-4 TIOKa3yIOTh
BHUPaXXEHY CEHCOPHY UYTIUBICTH O MIKPOKOHIIGHTpAIIiil alleTOHY, SKa MPOsBIsIacs
NaJIHHIM 1HTEHCUBHOCTI (DIIyopeceH i 3pa3KiB 3a paxyHOK raciHHs (yopecieH il
KyMapuHy 4 mpu copOruii MOJEKyJ aleTOHy Ha TMOBEpXHI Mmop aepocuiy. Tak, B
pe3ynbTaTi JAOCTIIKEHHSI KIHETUKH (DIIYyOPECIICHINT CHHTE30BaHUX HAHOKOMIIO3UTIB
BUSIBJICHO, 110 TIPY MPOKAYyBaHHI YHCTOTO MOBITPs 0€3 J0/jaBaHHs alleTOHY (YMOBHO
KOHIIEHTpallisl aneTroHy O ppm), 1HTEHCHUBHICTh (PIIyOPECIICHIII] TUIIBKU 3aUIIaiacs
MpPaKTUYHO He3MiHHOW0. [Ipu mpokadyBaHHI MOJENBHHX CyMIIIeH MOBITPS, SKe
BUJIUXAETHCS (MOBITPS 3 JOMIIIKOIO alleTOHYy B Jiama3oHi 3-15 ppm) npotsrom 120
CEeKyHJ, CIIOCTEpIrajJocsi CTaTUCTHUYHO 3HAYYIEe 3HKEHHA 1HTEHCHUBHOCTI
bayopecnenmii  3paskie Ha 0,06-0,43 % BigmoBigHO (CepeIHHLOKBAIPATHIHE
BiaxuieHHs Oyno B Mexax 0,01-0,03%). 3MeHIlIeHHs] IHTEeHCUBHOCTI (PIIyopecLieHIIiT
OyJI0 CTPOro MPOMOPIINHUM KOHIICHTpAIIll alleTOHY B MOJEIBHUX CyMiIIax MOBITPS,
AK€ BHWIMXAETHCSA, IO BKa3ye€ HA MOXKIMBOCTI BUKOPHUCTAaHHS BEIMYMHUA 3MIiHH
IHTEHCUBHOCTI (JIyOpecleHIlli K CEHCOPHOIO CHUTHaly. 3roJIoM MpOKayyBaHHS
YUCTOTO MOBITPsI 0€3 JOMIIIOK alleTOHY 4Yepe3 KOMIPKY 31 3pa3skoM mpoTsirom 250
CEeKyHJ TPHU3BOJWIO JI0 TPAKTUYHO TOBHOTO BIJHOBJICHHS 1HTEHCHUBHOCTI
(bayopecieHIli MmIiBKK 1 ii CEHCOPHUX BIACTUBOCTEH. AHAJOTIYHI JTOCHTIIKEHHS 3
JI0JIaBaHHSIM €TAaHOJIY 3aMICTh alleTOHY B MOJEJIbHI TOBITPSHI CyMIIIl MOKa3ajo
ciabke 30UIBIICHHS THTEHCUBHOCTI (hIIyopecIieHIlii, ske OyJIo TaKoX MPOIMOPIITHO
KOHIIEHTpaIlli pe4oBUHM 1 OyJi0 B 8,8 pa3iB MeHiie (3a aOCOTIOTHOIO BEJIMYHUHOIO) BiJl
TaKUX 3MIH IHTCHCHUBHOCTI JIJIS aHAJIOT1YHMX KOHIICHTpaIii aneTony. el pe3ynbrat
BKa3y€ Ha 3HAYHY CEJEKTUBHICTh CEHCOPHOTO CUTHANY TaKUX IUIIBOK JIO allETOHY
MOPIBHSHO 3 €TAHOJIOM.

OtpumaHi pe3ynbTaTH CBiIYaTh MPO BHUPAKEHY CEHCOPHY YYTJIUBICTD
HAaHOKOMIIO3UTIB ~ aepocuwiay a-380 3 iMoOUII30BaHMM  KyMapuHOM-4 [0
MIKpPOKOHLIEHTpalii anetoHy (3-15ppm) B MOAENbHUX Ccymiliax MOBITPS, SKe
BUJIUXAETHCS, CEICKTUBHICTh 10 €TAaHONy, HEBEJIMKHH Yac CEHCOPHOTO BIATYKY
(120 ¢) 1 penakcamii (250 c), moO BKa3ye Ha MOXIIMBICTh 3aCTOCYBaHHS TaKHUX
CEHCOPHUX €JIEMEHTIB Yy HEIOpOTMX 1 YYTJIWBUX MEIUYHHX HEIHBa3WBHHUX
JIarHOCTUYHUX MpUIaaax.

[1] S. Das, M. Pal, J. Electrochem. Soc. 167, 037562 (2020).
[2] Y. Y. Broza, X. Zhou, M. Yuan et al., Chem. Rev. 119, No. 22, 11761 (2019).
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PO3POBKA ITPOCTOI'O EPEKTUBHOI'O 2D TEJECKOITIA
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Kuiscvkuti hayionanvruut ynisepcumem im. Tapaca Illesuenxa, Kuig
e-mail: vitalikklebed@gmail.com

Hama rmuianera  Ge3mepepBHO  ONMPOMIHIOETHCS — BHCOKOEHEPTETHUYHUM
KOCMIYHMM BUIPOMiHIOBaHHSAM. Lle BUMPOMIHIOBaHHS Maii’ke MOBHICTIO CKIIQAA€ThCS
3 MPOTOHIB BUCOKO1 eHeprii (y cepennbomy 10 I'eB) Ta KiTbKOX BIJICOTKIB sII€p TEIII0
(ampha-yacTuHOK). MarHiTHe mojie Ta atMocdepa 3eMil 3aXHINalTh HAC Bi IOTO
BurnipoMiHioBaHHs. [lpu B3aemoxii 3 sApaMu XIMIYHHMX €JIEMEHTIB aTtMocdepu
IPOTOHU YTBOPIOIOTH HOBI YACTMHKM — ME30HM PI3HUX THUIIB (BTOPUHHE KOCMIYHE
BUIIPOMIHIOBaHHS). Me30HM MaloTh KOPOTKHUI Yac KUTTS, Y pe3ysibTaTi po3nany m-
ME30Ha YTBOPIOETHCS MIOOH. MIOOH MOXHa Ha3BaTH CTaplIuM OpaTOM €JIEKTPOHA,
10 TAaKOXK Mae 3apsij, 110 PIBHUM 3apsny eJIeKTpoHa, Macy (mpubiauzno B 200 pasis
BaXUM) Ta Ma€ BEJIMKY IPOHUKHY 3JaTHICTb. Y CEpPEAHbOMY I1HTEHCHUBHICTb
MIOOHHOT'O BUITPOMIHIOBaHHS Ha PiBHI MOBEPXHi MOpa — MiooH/aM?. Ha BigMiny Bix
PaJI0aKTUBHUX 3pa3KiB, MIOOHH HE MOTPEeOYIOTh OCOOJMBUX BUMOT Jisi pOOOTH 3
HUMHU. TakuM YUHOM MIOOHU € JOCTYMHHMH Ta BIIKPUTUMH ISl JTOCHIKCHHS HE
TUIBKH JIs1 BYUCHHUX 31 CHEIIaIbHUMU J03BOJIaMU, a 1 JUIsl CTYJICHTIB Ta IIKOJSPIB.

VY poboTi mpencTaBieHo HEAOPOruid Ta epeKTuBHMM npotoTun 2D Teneckona,
[0 JO03BOJUTH TMEPEBIPUTH MOXJIUBOCTI MPOBOJUTA HE TIIBKM HaBUYaJIbHI
€KCIIEpUMEHTHU JIJIsl CTYACHTIB (HANpUKIIaJ, BUSHAUYCHHS 4acy JKUTTA MIOOHY), aje 1
BUKOPHUCTOBYBaTH TaKy CHCTEMY [UIsl LIJIOTO PsAYy MNPUKIAAHUX 3a4ad: TOIIYKY
SAJIEPHUX MaTrepiaiiB, MOPOXKHUH 1 TMOPYIIEHb MUIICHOCTI Y BEJIMKUX CIOPYJax
(crapomaBH1 Tipamiau, BYJKaHIYHI yTBOpeHHs [l], BedHMKi MPOMHCIOBI 00 €KTH 3
Oe3repepBHUM ITUKIIOM pOOOTH).

Po3pobnena ycraHoBka siBiisi€ cOOOI0 CHUCTEMY 3 KUIBKOX JETEKTOPIB THUITY
RPC. RPC (Resistive Plate Chamber) — 11e ra3oBuii AeTeKTOp 3apsAIKEHUX YaCTHHOK
(SIKUI IIUPOKO 3aCTOCOBYETHCA Y (Di3WIl BUCOKMX EHEPriil), 10 BUKOPHUCTOBYE
BEIIMKE TIOCTIMHE 1 pIBHOMIpHE EJEKTPUYHE T0JIe MK JBOMa MapayiebHUMU
€JIEKTPOJaMH, 110 BUTOTOBJISIIOTH 13 IUIACTHH 13 BUCOKHMM OMNOPOM, Kl PO3JLIEHI
00’eMOM rasy.

[Torparisirounn B 00MacTh BHCOKOI HAlpyrdw y Ta30BOMY IPOMIXKKY, MIOOH
BUKJIMKA€E JIABUHHY 10HI3aLlII0 MOJIEKYJ T'a3y, YTBOPIOIOYM TAaKUM YMHOM JOCTAaTHIM
I peectpamii 3apsa. Pospan nokamizoBanmii y HeBenmukii mmomi ~0.1 cm?, gepes
BHUCOKHI OMIp €JIEKTPOJIIB Ta XapaKTEPUCTUKU Ta3y. TpuBalicTh po3psny 3a3BUuai
CTAaHOBUTH JEKIJIbKa HAHOCEKYH] 3 MOXJIMBICTIO 3a0€3MEUMUTH YacOBY PO3JILIbHY
3MaTHICTh Yy HaWkpamux Bumnagkax Omm3pko 100 mikocekyHa. 3a JOMOMOTOIO
CJICKTPOIPOBITHUX 3UUTYIOUYUX CMYXKOK, IO PO3MIIIEHI 13 30BHINIHIX CTOPIH
EJIEKTPO/IIB MOKHA 3a0€3MEeUUTH PEECTpaIliio 3apsiay 13 HE3HAYHOIO 3aTPUMKOI0 B
yaci. PeecTpyroun curHaiay Ha KOHKPETHIA CMYXKI[l Ha MOBEPXHI JETEKTOpa, MOXKHA
OTpUMAaTH KOOPAMHATY MPOJILOTY MIOOHY Ha ruiouuHi 2D. 3a nonomoroto 18ox RPC

89



IE®-2021 IEP-2021
VYxropon, 26-28 tpaeus 2021 Uzhhorod, 26-28 May 2021

MOKHa OTPUMATH BIAMOBIAHO JABlI KOOPAWHATH MPOJILOTY MIOOHY Ha rmiomuHi 2D.
Buxopucrannss RPC no3Bossie moeHaTH XOpoIlly TPOCTOPOBY Ta YaCOBY PO3JILIIbHI
31aTHOCTI [2].

Po3pobnenuii AETeKTOp CKIAMAETHCS 3 IUIOLIUH, KOKHA 3 SKUX TMPEICTaBIISE
co00I0 JBa CKJISHI €JEKTpoau. B yTBOpeHMil 3a30p 3amyCKaeThCcsl CHEIiadbHO
HiAroTOBICHUN ra3. Bucoke enekTpuuHe moje 3a0e3nmedyeTbCs Ha 30BHINIHIX
JacTHHAX eJIEKTPO/IiB uepe3 npoigHe mokputta. Lle hopmye piBHOMIpHY Hanpyry Ha
BCIH TUJIOMIMHI AETEKTOpa. Y TBOPEHUH 3apsPKEHOI0 YACTHHKOIO CHTHAJI, HABOIUTHCS
Ha MPOBIIHUX CMY>KKaX, II0 HAHECEH1 Ha 130JITOp, KU y CBOIO YEepry PO3MIIICHUN
HA 3OBHIIIHIA TMOBEPXHI EJEKTPOAIB. 3a [OMOMOTOI0 (PPOHT-CHI EIEKTPOHIKH
JETEKTOPHOI CHCTEMH CHUTHAJl 3YUTYEThCS Ta aHami3yeTbcs. OTpUMaHI CHUTHAIU
MOKHa BHUBECTH Ha €KpaH MOHITOPY y BUIJISAI IXHBOTO PO3MOAUTY IO IUIOIIMHI
JETEKTOpa, CTBOPUTH JIIOIUHO-MAIIMHHUHN 1HTEpQeiic.

[ToTpiOHO 3abe3me4ynTH Taki YMOBH EKCIIEPUMEHTY, 00 pO3YMITH, IO
3apeECTPOBaHI YaCTUHKU TOYHO € MIOOHaMH. [[1s BUIIICHHS CHUTHAJIB BiJl MIOOHIB
Ta (poHy aB1 nerexktopHi miomuHU RPC po3MmillyroThCsi 0JHA HABIOPOTH OAHOI Ta
JOCIIKYIOTBCSL  CHIBMAJIIHHS ~CUTHATIB. HaHOCEKyHIHI CHUTHaIM JO3BOJISIOTH
OTpUMATH BUCOKY YacOBY pO3JUIBHY 3/JaTHICTh 1 BIJNOBIAHO €(EKTUBHE
B1JIOKpeMJICHHSI Bil (pOoHOBUX curHamiB. JlogaTkoBO ()OH MOKHA 3MEHIIUTH, SKIIO
MDK JIETEKTYIOUUMH TUTACTUHAMH PO3MICTUTH AP PEUOBHUHU 3 BAXKKOTO €JIEMEHTY,
Harpukiaag cBUHIO. OKpiM CBUHIIO NEpeBipsumMcs 1HIII maTtepianu. Takox Oyro
MPOBEJCHO JOCITIKEHHS ISl TIOKPAIIEHHS MPOCTOPOBOI PO3AIIBHOI 3JaTHOCTI Ta
MEepEBIPEH] pI3HI THUMH 3YUTYBAJIbHOI EJIEKTPOHIKU. SIKIIO EJEeKTpOHHA CXeMa
peecTpye 1Ba OJHOYACHI CHUTHAJIM 13 JBOX JAETEKTOPHHUX IUJIOIMH — YacTHUHKA
npoinuia pobounii 06’em B 000X JeTekTopax. SK HACHIJOK MaeMO Bl TOYKHU
MIPOXO/KCHHS YaCTUHKH, TPSIMY, 3a/IaHy IIUMHA TOYKAMH, Ta, 3aJIaHUHA MPSIMOI0, KyT
710 BEPTHKAJI, M SKUM pyXaBcs MIOOH. Lle 103BoJisie BUBHAUNTH Yac KUTTS MIOOHY,
BU3HAYAIOYH KIJTBKICTh YACTUHOK 1]l PI3HUMH KyTaMH.

[Ipu 11bOMY KiNBKICTh JJAHUX BUXOIUTH 3HAYHOIO — IIiJ] yCIMa KyTaMH Ha OJWH
KBaJpaTHUN JEIMMETP TMOBEPXHI JIETEKTOpa Maja€e OJWH MIOOH B CEKYHIy, BCl I
MIOOHH PEECTPYIOThCSA 1 iX KyT JI00pe BU3HAYCHUM, SKIIO JIETEKTYHOUl IIOIIHMHHU
pPO3TaIlIOBaHI JOCTaTHHO JAJICKO OJHA BIA OAHOI. SIKIO X pPO3MICTUTH JIBI
JETEKTYIOUl TUJIONIMHU BrOpi, /1Bl BHU3Y, & MK HMMH HEBIJOMHUI Marepiai, TO 3a
pPaxyHOK CHJIbHOI 3aJIeKHOCTI PpO3CISIHHS MIOOHIB BiJ Z po3citoBaya MOXKHA
3HAXOAWTH, HANPUKIAA SIAEpHI MaTepiajid, 1O MOXYTh MepedyBaTH B KymHax
METaJIEBOTO OPYXTY.

YcraHoBKa Tepin 3a Bce Oy/e BUKOPHCTaHA JJIsl TIPOBEICHHS J1aOopaTOpHOi
poboTu «Yac xuTTd MIOOHY» Ha Kadeapi siaepHoi (i3UKH.

VY noxanblioMy IJIAHYETHCS PO3POOUTH JACTEKTOPH OLIBIIOT TUIONI  JJjIst
HAyKOBUX MPUKIATHUAX JTOCTIIKECHbD.

[1] Inteprer-pecypc: https://nplusl.ru/material/2015/10/27/muons
[2] Detector Physics of Resistive Plate Chambers, Frankfurt am Main, 2003, p.193.
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CHUHTE3 I ONTUYHI XAPAKTEPUCTHKHA
KOJIOIJHUX KBAHTOBHUX TOYOK Ag-In-S

b.B.Jlonymranceka

JIBH3 « Yarceopodcwvkuil Hayionanvhuil yHigepcumemy, Yoceopoo
e-mail: lopushanska5@gmail.com

Pozuunni y Boai konoinni kBaHTOBI Touku (KT) Ag—In—S, Bimomi 3aBasku ix
IHTECHCHUBHIH JIIOMIHECIICHIIIT, € HaI3BUYaliHO TEPCIIEKTUBHUMH JIJIS1 3aCTOCYBAHHS SIK
JDKepeNa CBITJIa, COHSYHI eJIeMeHTH, y (orokaTtamizi ta Oiosorii [1, 2]. Hame
JAOCTI/DKEHHSI TMPHUCBIYCHO CHHTE3y Ta BHM3HAYECHHIO ONTUYHUX XapaKTEPUCTUK
¢dpakmionoBaHux 3a po3mipoM HectexiomeTpumunux KT Ag-In-S, cunTe3oBaHmx 3
BogHuX po3unHiB AgGNOjs, INCl; ta Na,S y mpucyrHocti riyrariony (GSH) uywu
MepkantoonToBoi kuciaotu (MAA). ®pakilioHyBaHHS KOJOiIHUX PO3YUHIB 32
po3mipom KT mnpoBoausocss mnuisixom Oaratopa3oBoro LEHTPU(YTYBaHHS TIpH
4000 06/xB 3 TOCHIIOBHUM JOJAaBaHHSM TOpLIA  IMOTaHOrO0  PO3YMHHUKA
(2 mpomnanoy).

Konoinni pozumnun 3 KT Ag—In—-S Oyno mnpoanasiizoBaHO 3a JOMOMOIOIO
ontuyHoro norauHanHs (Cary 50), doromominecnenmii (Shimadzu RF-6000) Ta
pamaniBcekoi criekrpockorii (LabRAM, A,; = 488 um ta XploRA Plus, 532 um).
Kpaii onTuyHOr0 moOrjavMHaHHS Ta MaKCUMyMHU (DOTOJIFOMIHECHEHIIT 3MIIIYIOThCS B
01K HMKYMX EHEeprid 31 3pocTaHHAM HoMepa ¢pakiii (3MeHIeHHsaM po3Mipy KT).
3HaueHHs MHUPUHU 3a00pOoHEHOT 30HU Eg 11 KoXkHOT ppakiiii BU3HAYAIN 31 CIIEKTPIB
OITUYHOTO MOIJIMHAHHSA, nepeOynoBanux B koopauHaTtax (ahv)? sk ¢pynxuis hv (ne
o — KOeQIUIEHT MOTJIMHAHHA) JUIsl TPSIMO30HHMX HAIIBIPOBIJIHUKIB HUISIXOM
EKCTPaMoJIAILii JIHINHOI AUISHKYU 70 MepeTuHy 3 Biccto enepriit. Cepennii po3mip KT
OyJI0 OIIIHEHO 3a 3HAYCHHSIMH IMUPUHU 3a00POHEHOI 30HU 3 YpaxyBaHHSIM BI1JOMOIi
kopemsiuii Mix po3mipom KT, BuszHauenum 3 JjaHux Eg, Ta Ha OCHOBI
MIPOCBIUYBaJIbHOI €JIeKTPOHHOI Mikpockorii [1]. Benmnunna 3cyBy Ctokca 3pocTae 3i
smeHmeHHs M po3mipy KT Big 0,14 eB (mns KT giamerpom 3,2 um) no 0,48 eB (s
KT, Mmenmux 3a 2 HM).

[TpoanamizoBaHO €BOIOIIIO CIIEKTPIB MorauHAaHHA cuHTe30BaHuX KT Ag—In-S
npu TpuBajoMmy (6 MicsIiB) 30epiraHHl KOJIOIJHUX PO3YMHIB MPU KIMHATHIN
temneparypi. [lokazano, mo poszumnu 3 KT, orpumanumu B mpucytHocti GSH,
JEMOHCTPYIOTh Kpallly CTaOUIbHICTh, Hi po3unHu 3 KT, cuate3oBanux 3 MAA.

AHani3 paMaHiBCbKUX CIIEKTPIB CHHTE30BaHMX HectexiomerpuuHux KT Ag-—
IN—S 103BONMB MOB'SI3aTH CHOCTEPEKYBaHI CMYTH 3 BIANOBIAHUMHU KOJIMBAHHSAMU
3B s3KiB Ag—S Ta In-S.

[1] A. Raevskaya, V. Lesnyak, D. Haubold, V. Dzhagan, O. Stroyuk, N. Gaponik,
D.R.T. Zahn,A. Eychmiiller, J. Phys. Chem. C 121, 9032 (2017).

[2] O. Stroyuk, A. Raevskaya, F. Spranger, O. Selyshchev, V. Dzhagan,
S. Schulze, D.R.T.Zahn, A. Eychmiiller, J. Phys. Chem. C 122, 13648 (2018).
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®OPAKTAJIBHI MOJEJII B’SI3KOHPY KXKHOCTI CTEKOJI
S1.1.JIucaueHko

JIBH3 « Yarceopodcwvkuil Hayionanvhuil yHigepcumemy, Yoceopoo
e-mail: yaroslavali44@gmail.com

Y nmaHiii  poOOTI JOCHIPKEHa MOXIIMBICTb BHUKOPUCTaHHS MPOIEAypU
IHTerpyBaHHs Ta JOu(EpeHIlioBaHHA JIpOOOBOTO TMOPSAKY JJs  TMOSICHEHHS
B’SI3KOTIPY>KHUX BIIACTUBOCTEU CTEKOJI, OCKUIBKM BHKOPUCTAHHS JAHUX OMeEpaTopiB
JUIA OMHCY CHIBBITHOLIEHh MK HalpYXEHHSIMHU Ta JedopMallisiMd Aalo 3MOTY
BpaxyBaTH  HAasBHICTh  HEOOOPOTHHMX  SIBUII, 3yMOBJCHHX  PEOJOTIYHUMU
BJIACTHBOCTSMU  Marepialy, a TaKOX CIIOCTEpEXKYBaHy EKCIIEPUMEHTAIBHO
HEEKCIIOHEHIIIAJIbHY peJlaKcalliio y TBepJUX TLIax.

[Tpu 1moOynOBI KJIACHYHUX PEOJOTIYHUX MOJIEIEH YacTO BUKOPUCTOBYIOTh
HAWUOPOCTIII CTPYKTYpPHI €JIEMEHTH, IKUMHU € 1/1eajbHa NMPY>KUHU 3 BU3HAYAIbHUM
CIIBBIJTHOILIEHHSAM y BUIIISAL 3aKOHY ['yka ¢ = E¢ Ta B'I3kuMil eneMeHT — HWiIiHap 3
NOPUIHEM, 3alOBHEHUH B'SI3KOI0 PIJMHOI0, 3 BU3HAYAJIBHUM CIIIBBIJIHOIICHHSAM Y
BUrIAAl 3akoHy HproToHa ¢ =nde/dt ne 6 — MexaHiuHe HampyxeHHs, € Ta de/dt —
BiJIHOCHA JedopMallis Ta MBHUAKICT 11 3MiHU, E — monynb npyxkHocti (FOnra a6o
3CYBY), M — koediiieHT B’ s3kocTi. KoMOiHOBaHI 3’€/THaHHS LIUX €JIEMEHTIB BIIOMI SIK
Mozeni Makcsena, KenbBina-®doiirra, cTaHIapTHOTrO JIIHIMHOTO Tija AAal0Th SIKICHE
MOSICHEHHSI B S3KOINPYKHUX BJIACTUBOCTEH KPUCTAIIYHMX Ta CKIOMOMIOHMX TiJ,
30kpemMa nojiiMepiB. Sk BUIHO 3 HaBeneHux ¢opmyn y 3akoHu ['yka ta HroTtona
BXOJSTh TMOXIJAHI HYJIbOBOTO Ta MEPIIOr0 MOPAIKY MO yacy Bia aedopmarii 1 ix
MO>KHA MPEJICTABUTH CIIJIBHUM PIBHSHHAM [3 ]

B Gl_aﬂa.dag _c a.dag
7 ate ' Tdee, (1)
ne 0 <o < - 1OBUIbHUI NapaMeTp, KUl IpeacTaBIge NOPSIOK MOX1IHOI, a T = /G
- xapaktepuuii yac. Komn a = 01 oo = 1 MmaeMo cripaBy 3S 3BUYHUM (IIUTOYHCEITHHUM)
OMepaTopoM MOXIJIHOT 1 BIAMOBIIHOIO TpaHCcPopMalli€ro MeXaHiuHOo1 Mozeni (puc.1):

I___—I o= o=0
- N

Puc. 1. Cxema npy>XuHHOTO JieMiiepa K eIeMEHTa, IKUIl € MPOMIKHUM M1k
171eaNTbHOIO TIPYXUHOIO (o = () Ta nemmdepom (o = 1).
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I'. V. Cxott-briep ta fioro cmiBpoOITHUKH BUKOPUCTOBYBaiu Bupasu tumy (1)
SIK CaMOCTIMHI PIBHSHHS; aje mi3Hime Kennep NpupiBHAB 10 KAaHOHIYHY MOJEIb
BIATYKY JO MEXaHIYHOTO €JEMEHTY, SKWW Ha3MBA€ThCA TPYKUHHUN aemridep
(«spring-pot»), iHomi Bimomui sik eneMeHT Ckorra-biepa, 1 BU3HA4uuB HOTo SK
dbyHIaMeHTAIBHUN OJIOK, 3 SKOTO MOTJIM OyTH T100yaoBaHI OUIBII CKJIAJIHI
peostoriuni Mojieni. SIkiio ¢ B piBHSAHHI (1) € oquHUYHOIO (yHKITIEIO XeBicaiiia
0, t=0 :
G=00-H(t}=00-{ } i og=1
1, t=0 , (2)
TO HOpMOBaHa peakilis cucteMu Y(t , HaMPHUKIIA]] MOBEIIHKA MOB3YYOCTI MPYKUHHO-
AeMII(EPHOTO MEXaHITYHOTO E€JIEMEHTa, ONMCYEThCS BUPA30M:
@ 1 t\*
yi) = ———-(-
I'l+a)\t (3)
Ha puc. 2 moka3aHa 3ajeXHICTh peakiiii CHCTeMH BiJi 0€3pO3MIPHOTO Yacy #/7
JUTS pI3HUX 3HAYEHb IMapaMeTpa d.

2 MY a=1

0 0,5 1,0 L3 20

Puc.2. 3anexxHicTh HOpMaIi30BaHOTO BIITYKY CUCTEMH )
BiJl O€3PO3MIPHOTO YaCy /7 JUIsl pI3HUX 3HAYECHb MapaMeTpa .

SAx BuaHO, IpyXKUHHO-AeMIbepHuil enemeHT Ckorra-brepa onucye riaakuid,
Oes3mepepBHUIl 1 MOHOTOHHMU Tiepexin Big npyxkHoi (o0 =0) mo B's3koi (o =1)
MOBEIIHKM Npu 3MiHI oy Mexax Big 0 go 1. [Tapamerp o xapakrepusye ¢ppakraibHy
CTPYKTYpY  (KOMIIOHEHTY, 10 JEMOHCTPYE TMPOMIKHY TMOBEIIHKY  MIX
KOHCEPBATUBHUMM (MPYKUHOI0) T JUCUNATUBHUMH (AeMII(epoM) eTeMEHTaMHU.

Takum yuHOM, (QpakTaibHa TMOXiAHA BUSBISETHCA JOy’K€ KOPUCHOIO B
JTOCJIIDKEHHSX YaCOBHUX 3aJICKHOCTEH (perakcarllii), OCKIJIbKM MOYaTKOBI YMOBH JIJIst
nudepeHiaIbHUX PIBHSAHb APOOOBOro MOPAJKY MOXYTh OyTH 3a/laHi Tak camo, SiK
JUTSE 3BUYAMHUX 3 BioMHM (i3nyHUM TiaymadeHHsM. J[poOoBi MOXimgHI CIy»KaTh
THCTPYMEHTOM JUIsI ONHMCY TaM'ATi Ta CIaJKOBUX BJIACTMBOCTEH PI3HUX MarTepiajiB 1
nporieciB. [le ronoBHa nepeBara hpakTanTbHUX MOJIETIEH Y TOPIBHSAHHI 3 KJIACUYHUMH,
B SKUX TaKi €()eKTH HE BPaXOBYIOThCS.
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TEHEPAIIISI HEUTPOHIB I'AJIbMIBHUMU TAMMA-KBAHTAMUA

!B.0. Maprummukin?, €.A. Tapanko?, LI. Taiicax?,
K. XymBakros?, A.A. ConHUMIKin

VIBH3 « Yaiceopoocwkuil nayionanshuil ynieepcumemy, Yaczopoo
206 eonanuii incmumym soepHux 00criodxcenv, JJyona, Pocis
e-mail: vasul.martushychkin@uzhnu.edu.ua

HasiBHICTP Yy HAyKOBO-AOCTIAHOMY IEHTPI HEHTPOHHUX MYYKIB JI03BOJISIE
peanizyBatd psii €(PEKTUBHUX METOMIB JIOCIIKEHHS KPUCTAIIYHOI CTPYKTYpH 1
JIMHAMIKH BIOPSAKOBAHUX KOHJICHCOBAHUX cepenoswmi [1].

B namriit poOoTi IpoBEAEHO MTOCIIHPKEHHS TeHepallii HEHTPOHIB Ha MIKPOTPOH1
M-10, skuii TPUCKOPIOE €IEKTPOHU 10 BITHOCHO HM3bKHX eHepriii 10 MeB. Cxemy
EKCIIEpUMEHTY Moka3aHo Ha Puc. 1. BuBeaeHuii mydok €JEKTPOHIB MaJa€ Ha
KOHBEpTalllifiHy BOJIb(PPAMOBY MIIlIEHb TOBIIMHOIO 2 MM. HEHTpoHH yTBOPIOIOTHCS B
peakuii y+°Be—n+a+o Ha GepuiieBiii MilleHi, TOBIIUMHOW 14 cM, Baroo 2 kr. Jlis
BU3HAYCHHS TYCTMHM TOTOKY HEUTPOHIB BUKOPUCTAHO AaKTUBAIIHHY METOJIUKY 3
3aCTOCYBaHHAM peakuii (N, Y) s akTupaniiinoi Mimeni *°Co ta '*°l. Famma-criektpu
AKTUBOBAHUX MIIICHEH BUMIPIOBAINCA CHUHTHISAIINHUM TaMMa-CIIEKTPOMETPOM Ha
ocaoBi kpucraimy Nal(Tl) posmipom ©@D63X63 Mm (Puc.2). Po3minbHa 3maTHICTB
cnekrpomerpa (FWHM) mns niniii %°"Co 58,6 xeB (i3omepnuii cran, T1,=10,47 xB.)
ckianae 28% ta 7% nys noope Bimomux JiHiA 1173 keB 1 1332 keB.

v

Microtron M-10 High power unit

Tungstentarget Beryllium target Crystal Nal(Tl)

D
12V power supply
5 e )}
B y " Sample (Detector) ‘
Scintillation detector D

Board SBS-40  PC: 1,4GHz 256RAM
HDD 40Gb +video

Puc. 1. Cxema ekcriepuMeHTy. Puc. 2. biok-cxema criekrpomeTpa.
7 T T

" Abrens (1973) ——

4,0E-04

S, (1/Ne)

2,0E-04

Cross Section (mb)

0,0E+00 J T
0,01 0,1 1

Eg., (MeV) E, (McV)
Puc. 3. 'anbmiBHUIA raMMa-CIIEKTP TIPU Puc. 4. EHepreTruHa 3aJIeKHICTh
eHeprii BuBeAeHoro my4yka 5 MeB. nepepisy aaepHoi peakuii °Be(y,n) [4].
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Ha Puc. 3 HaBeneHo ranpMiBHMI CHEKTp, IO Majae Ha OEpUIIIEBY MIIICHbD,
po3paxoBaHoro metogom MonTte-Kapio [2,3], BuBeaeHoro mydka enekTpoHis 5 MeB.
Tam ke nmpencTaBieHO JBlI  XapaKTepUCTHYHI JIiHIT aroMa  BoJibpamy
(Ko1 =59.3 keB, Kg=67.2 xeB) Ta anirimsmiiiaa minis 0,511 MeB. MogemoBanas
nokasye, 1o 1151 opMa raJbMIBHOTO CHEKTPY 30epiraeThcsl il eHEepriid eJeKTPOHIB
1o 10 MeB, a came, mik ciekTpiB jexuTh B Mexax 0,3-0,4 MeB. Ha Puc. 4 nmokazano
EHEpreTHUHy 3aleKHICTh nepepizy peakuii y+°Be—n+X [4], mopir sxoi cknanae
1,67 MeB.

INn-115 (ny,,y) In-116m

Co-59 (n,,y) Co-60m
1600 — Background
1
1400 In-116m
- L (4;1,23) Co-60m Co-60m
i (1173,24) (1332,50)
1200 — : : :
@ 1000 — : ;
= E In-116m : In-116m
0 goo - (1097.86); (1294,78)
] Pl K40
L1 (1486,31)
600 — 3
i In-116m
400 - (20§8,42)
200 - i
., Compton
1 - TATROL NS s
0 1T T T T T i

70 140 210 280 350 420 490 560 630 700 770 840

Channel
1 Ch. = 3,02 keV

Puc. 5. 'amMa-ciekTpu 3 CUMHTUJISIIIAHOTO CIIEKTPOMETPA BiJl AKTUBOBAHUX
Heiirponamu minreneit *°Co, °I ta dony.

Ha Puc. 5 moka3zano ramMmma-crieKTpy BiJ] aKTHBOBAaHUX HEUTPOHAMH MIIIECHEH
¥Co, I ta Qony. B cmekrpi iHmil0 4iTKO BHALIAOTHECS Tpu Jimii 431, 1098
1295 xeB. [lns cmekTtpy Bim KoOambTy BHIHO JBI BIOMI JIiHIT CTaHZApTHOTO
koOanbToBOrO JIXKepena 1173 ta 1332 keB.

[1] Measurement of residual stress in materials using neutrons. International Atomic
Energy Agency, IAEA-TECDOC-1457 (2005).

[2] A. Ferrari, P.R. Sala, J. Ranft, U. Siegen, FLUKA: A Multi-Particle Transport
Code. SLAC-R-773. (2015).

[3] I.l. Haysak, O.V. Takhtasyev, R.R. Holomb, K. Katovsky, A. Tanchak,
J. Khushvaktov, A.A. Solnyshkin Monte Carlo simulation of bremsstrahlung
spectra for low energy electron accelerators // 2020 21st International Scientific
Conference on Electric Power Engineering (EPE), Prague, Czech Republic,
2020, pp. 120-124.

[4] Handbook on Photonuclear Data for Applications. Cross-sections and Spectra.
International Atomic Energy Agency, IAEA-TECDOC-1178, 2000.
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JIEJEKTPUYHI BJACTUBOCTI CKJIOIIOAIBHOI'O
CEJIEHY IIOBJIN3Y TEMIIEPATYPU KPUCTAJII3ALII

B.B.MinskoBu4, A.A.I'opBar

JIBH3 « Yaceopodcwkuil HayionanvHuil yrigepcumemy, Yac2opoo
e-mail: mink_vv@meta.ua

JlocmipKkeH] TeMIepaTypHO-4acTOTHI 3aJeKHOCTI CKJIAJIOBUX KOMILICKCHOT
JIEJIEKTPUYHOI MPOHUKHOCTI €*= g'+ig" 3iCTapeHOro MpOTATOM JECSATKIB POKIB Y
HOpMaJbHUX YMOBAaX CKJIOMOAIOHOTO CEJIeHy Ta HWOTO OMOJOKEHHUX 3pPa3KiB,
OTPUMAaHUX TepEIUIaBICHHSAM, B niama3oni 4actoT Bix 10 I'm mo 50 k[ Ta mpwm
temmeparypax Big 293 K go 429 K. IlouyaTkoBo MacuBHiI 3pa3Kd CKJIOMOAIOHOTO
CeJIeHy OTpuMyBaldM Kuibka necatkiB (30-35) pokiB ToMy HazaJl 3BHYAWHOIO
METOJIMKOIO PI3KOTO0 TapTyBaHHS pO3IUIaBY BHMKOPUCTOBYIOUM BHCOKOUHUCTUH Se
(99,999%) y Buai rpanyi. CelieH po3IIaBsUIM B TOPU3OHTAIBHIN TIedi, HArpiBaiu 10
500-550°C (770-820 K) 1 BurtpumyBaiu MpH Mik Temmeparypi moHaiimeHine 24
TOJMHU 3 TEpIOJIUYHUM [EpEeMINIyBaHHAM. Pi3ke OXOJIOJUKEHHS pO3IUIaBY
3IMCHIOBANIM 3aHYPEHHSIM aMmmyJsl 3 PO3IUIABOM Y CYMIlll BOJAW Ta JiboAy. Takum
YUHOM OTpPUMaHI CKJIOMOJIOHI 3JIUTKH CeJeHy 30epirajucs TMpud KIMHATHIN
TEMIIepaTypl B TEMpsSBI Ha MOBITPI MPOTITOM JAECATHIITH. JlJIT OMOJIOMKEHHS
(nepeckiryBaHHs) 31CTapEHUI CKIOMOIIOHUIN CEJeH, OTPUMaHUil 32 ONMCAHOK BHILE
MPOLIETypOI0, MOBTOPHO IMIJJJaBAJIM AHAJOTIYHIA TEXHOJIOTIUHIM 00poOul 1 nepen
JOCIIKEHHSAM BUTPUMYBAIIM JIMILIE KUJIbKA JTHIB, N[00 YHUKHYTH IIBUIKUX MPOLECIB
pernakcartii.

TeMmnepatrypHi 3alieKHOCTI MICJIEKTPUUYHUX KOHCTAHT €' Ta €' Mpu 4yacToTax
OMOJIOJDKEHOTO 3pa3Kka CeJieHy IIiJi dYac TMepIIoro HarpiBaHHs, IIOKa3aHi Ha
puc. 1, a, b. Hwkue kimMHaTHOT Temmeparypu & Maike MOCTiliHE, a 3Ha4YCHHS & -
He3HauHe. ToMy BHUMIpPIOBAaHHS MPOBOAWIMCA JinIe il Temriepatyp Buine 290K.
[Ipu Ttemmeparypi, Oiu3bKIA 10 TemmepaTypu ckiyBaHHs Ty, 3HaueHHs €' 1 g
nounHaroTh 3pocTtatu. 3anexHicte €'(T) B obmacti Ty Ha AEKUIBKOX YacTOTax
MoKa3aHa y BCTaBIll 70 puc. la. Y ToMy X [iama3oHi TeMIepaTyp ieJeKTpUYHA
JUCTIEPCis CTAE TOCUTH MOMITHOIO. Y TeMIlepaTypHOMY Jliara30Hi KpUcTami3ali ckia
(365K - 375K) cnocrepiratloTbcss MakCUMyMH €' 1 €", s[Ki HakIaJaroThCsd Ha
MOHOTOHHE 3pOCTaHHS ITUX MapaMeTpiB 3 MiJBUIICHHSIM TEMIIEPATypH.

AHaJIOT14YH1 3aJICKHOCTI JIJIs 31CTApEHOT0 CKJIOMO/IIOHOTO CEJICHY MpeCTaBICH]
Ha puc. 1 ¢, d. JIist GBI YiTKOTO MOJAHHS OTPUMAHHMX pe3ysbTaTiB Ha puc. 1 C, d.
TEMIIEpaTypHI 3aJIeXKHOCTI € Ta €" mokazaHi B jorapudmiyHomy macmradi. Cruifg
3a3HauMTH, 0 B aiana3oHi temneparyp T < Ty 3HaueHHs €' 1 €" mus 3iCTapeHux
3pa3KiB CKJIONOAIOHOTO celleHy Hadarato BUIl (HaBITh y JECATh pa3iB 3aJIEKHO BiJ
4aCTOTHU BUMIPIOBAJIBLHOTO TIOJIS), HK Y TIOBTOPHO 3aCKJIOBAaHUX 3pa3kax. HahOimpIm
CYTT€BA PI3HUIIS B TIOBEIIHIN MIEIEKTPUYHUX KOHCTAHT CIOCTEPITaEThCcsl B 00J1aCTi
KpHCTai3allii, a caMe aHOMali, MOB's3aHl 3 KPHUCTAII3alll€l0 B 3ICTAPCHUX CTelaXx,
CIIOCTEPIratoThesl MpHU 3HayHO (Mpubam3HOo Ha 35K) HIKUMX Temmeparypax 1 MaroTh
Ty’Ke pi3Ky (opMy B MOPIBHSIHHI 3 OMOJIOPKEHUMH 3Pa3KaMH.
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Puc. 1. TemneparypHi 3anexxHocTi ailicHoi €' (@, C) Ta ysaBHOi €' '(b, d) wacTun
KOMILIEKCHOI JieJIEKTPUYIHOT IIPOHUKHOCTI €¥, OTpUMaHi B OMOJIOJDKCHOMY (8, b) Ta
3icrapeHomy (C, d) 3pa3kax CKJIONOIIOHOTO CeICHY

OtpumaHi pe3yabTaTH CBIAYATh MPO TOSBY BHACHIJOK TMPOIIECY TPUBAJIOT
CTPYKTYpPHOI pejakcarlii CKjia J0JaTKOBOTO MEXaHi3My MoJiIpu3allii, SKuii BHOCHUTH
ICTOTHHI BHECOK Y JII€JIEKTPUYHY TPOHUKHICTb.

Bimomo, 1m0 mporec KpucTamiszaiii CKia BH3HAYa€TbCs JIBOMa (haKTOpaMM:
YTBOPEHHSIM LIEHTPIB KpUCTati3auii (3apoJIKiB) Ta 3pOCTaHHIM Ha HUX KpuctaiiB. Li
MPOIIECH B3a€EMOIIOB’SI3aHl, 1 JIMIIE HAABHICTh IIUX ABOX (haKTOPIB MPU3BOAUTH 0
MOMITHOI KpucTajizalli ckia. [Iporiec 3apoiKOyTBOPEHHS TMOB'SI3aHUM 3 JIOKAJIHHOIO
3MIHOIO CTPYKTYPH, TOOTO CTPYKTYPHOIO peJaKcaIli€lo, ska BUMarae TpUBaJIoOro 4acy
MpU KIMHATHIN TeMIlepaTypi; [Ie MOXHa OXapaKTepU3yBaTH SIK Mpolec nepedynoBu
OJIMKHBOTO MOPSAKY. Y TOM K€ 4ac, yepe3 BiJIHOCHO BHUCOKY B'SI3KICTh CKja MHpH
KIMHATHIN TeMOeparypi, IBUIKICTh POCTY KPUCTAJIB € HU3bKOIO, OCKUIBKM BUMAarae
3HaYHUX ATOMHHUX MEPEMILICHb.

Mu npunyckaemo, 110 y 31CTapeHOMY B MOPIBHSIHHI 3 IIOWHO 3arapTOBaHUM
CKJIOTIOJIIOHUM CEJICHOM B pe3yJibTaTi CTPYKTYpPHOI perakcailii HasBHI KilacTepu
3apoAKiB KpuctaimiyHoi (a3zu B amopdHiil MaTpulll CKiia, a MepexigHi o01acTi Mix
HAMUA OOYMOBIIIOIOTH  JIOJATKOBUM  MEXaHI3M MoJjspu3ainii Ta  BIANOBIAHY
TENeKTPUYHY JAUCTIEPCIIO.
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KOMITIO3UTHI HAHOCTPYKTYPHI IVIIBKHA 3 ®JIYOPO®POPAMHU
I KBAHTOBUMHU TOYKAMMU I BUSABJIEHHSA JIETKUX MOJIEKYJI
AMIAKRY

B.Mimaii, {.J1azopenko, A.Mucropa

Inemumym npuxnaouux npooaem ¢gizuxu i oiogpuzuku HAH Yxpainu, Kuis, Yxpaina.
e-mail: vitapok@i.ua

[IBuaKUN PO3BUTOK HAHOTEXHOJIOTIA MPHU3BIB O BUHUKHEHHS TOB'SI3aHUX 3
HUMHU PI3HUX HaIlpsMKIB y TPHUPOJHUYMX HAayKax 1 MIJBUIUB IHTEpEC 10 iX
3aCTOCYBaHHS U1l BHPIMIEHHS PI3HUX MPUKIATHUX 3a7a4. Ha choromHimHii IeHb
aKTUBHO BEAYThCS POOOTH B 00NACTI CTBOPEHHS CEHCOPIB AJIsi BUKOPUCTAHHS B
OloJiorii, MEIOWIIMHI Ta €KOJOTii Ha OCHOBI HaHoMarepiamiB. [l 1mux miuien
BUKOPUCTOBYIOTHCA PI3HI BUJM HaHOMATepialiB: HAHOYACTHUHKH, HAHOKIIACTEPH,
HAHOKPHUCTAIM 1 KBAaHTOBI TOYKH, SIKI MOXKYTh OyTH BHECEHI B pi3HI OpraHiufi abo
HeopraHiyHi wmatpuui (MoHomapu a6o tutiBku) [1]. Takoxx BenMKuW 1HTEpec
BUKJIMKAIOTh  JOCHIDKCHHS TiOpUIHUX HAHOCTPYKTYp, SKI CKJIaJalOThCAd 3
HaIlIBIPOBITHUKOBUX HAHOKPUCTAIIB a00 KBAHTOBUX TOYOK 1 OPraHIYHUX MOJIEKYJI.

OntuuHi (GIyopeclieHTHI XeMOCEHCOPH OCHOBaHI Ha €(EeKTi 3MIHM ONTHYHHUX
BJIACTUBOCTEH MOJIEKYJM 1HAMKATOpa MHpH ii B3aeMoAili 3 aHaimiToM. Monekyna-
1HUKATOp 3a3BUYail sBIsi€ COOOI0 MOJIEKYNy OapBHMKa a0O0 1HIIOI PEYOBHHH, IO
BOJIOJII€ CHIEIU(DIYHUMHU CIIEKTPATbHUMU BIACTUBOCTSAMU. Taki CEHCOPH HAJIEKUTH 10
YKUCJia HaWOLIBII TEPCIEKTUBHUX Yepe3 iX BUCOKY YYTIUBICTH (PIIYOPECIEHTHOTO
CUTHaJy IO pI3HHX AareHTiB, IO Ja€ MOJIUBICTh JCTEKTYBaHHS HAaTHU3BKUX
KOHLIEHTpAIii aHaTITIB.

[IpoOnema BUSIBICHHS Ta BUMIPIOBAHHS MajluX KOHIEHTPALIM JIETKUX CIIOJIYK
aKkTyaJbHa SIK JIJI1 MOHITOPUHTY CKJIaay NMOBITPS B HABKOJMILIHOMY CEpEIOBHUII, TaK 1
JUTSI HEIHBA3UBHOI JIIaTHOCTUKU CTaHy 370POB's JTIOJIUHHU.

VY noBiTpi, sIKE BUAUXAE JIOJIMHA, BYCHUMHU Oyno BuUsiBIeHO Onu3bko 2500
crionyk. Jleski 3 HUX MOXHa BITHECTH J0 A1arHOCTUYHO-3HAUYIIMX Ol0MapKepiB, 110
BXOJIITh B CUMIITOMOKOMIUIEKC TMEBHHUX 3aXBOPIOBaHb. OAHIEI0 3 TaKMX CIOJNYK €
amiak, OlOMapkep TaKuUX 3aXBOPIOBAaHb, SIK HHUPKOBA HEAOCTATHICThb, PaK JIET€Hb,
3aXBOPIOBAHHS MIEUIHKU Ta iH. [2].

VY wmiif poboTi MM MOBIAOMIISIEMO MPO PE3YJIbTATH CHUHTE3Y 1 AOCIHIHKEHHS
ra30CEHCOPHOTO KOMIIO3UTHOTO MaTepially, OCHOBaHOro Ha ¢iayopodopHOMY
KOMIUIEKCI, 10 CKJIaAy SKOTO BXOAATH (hyopecueHTHI kBaHTOBI Touku CdTe 3 mikom
bayopecteHIiii Ha goBxuH1 XBuiIl 530 HM, cTab11130BaHI TIOTIIKOJIEBOO KUCIOTOIO 1
OpraHiuHi MOJIEKYJW KyMapuH-/ 3 JIOBKMHOK XBWII MOrJduHaHHS 435 HM,
YyTJIMBOMY JO JIETKMX MOJIEKYJ aMmiaky. Sk mosjiMepHa MaTpHIlsi Ta30CEHCOPHOTO
Marepialy Oyino BuxkopuctaHo etwieHBiHunanerar (EBA), skuii mae BUCOKY
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CTIMKICTh A0 PO3UMHHUKIB, € XOPOUIUM IIIBKOYTBOPIOBAUYEM Ta ONITUYHO MPO30PHM y
BUIMMINA 00J1acCTI.

JIns BUTOTOBJICHHS KOMIIO3UTHHMX CTPYKTYp Ha PO3IrpITI CKIISTHI TIKJIQJIKU
HaHocwiIKd 1map mnonimepy EBA, sikuil mokpuBaBcs MOHOIIAPOM MIKPOIMOPUCTOTO
auokcuny kpemuito (SiOz), 3 posmipamu rpaHyn 37-63 MIKPOHH 1 3 MHTOMOIO
momero nosepxui 500 + 50 m?%/r. Ha oTpuMaHuii JBOIAPOBUI KOMIIO3UT HAHOCHIIN
CYMIIII €TaHOJIBHOTO PO3YMHY OapBHUKA KyMapWH-7 3 BOJHHM PO3YMHOM KOJIOTTHUX
kBaHTOBUX TOYOK (CdTe/TGA) y cmiBBimHomenHi (1:1). OTpuMaHwii KOMIO3UT
nijaaBaiy cymii npu tremmneparypi 65-70 °C.

CriekTpu NOTJMHAHHS 1 CIIEKTpU 30y/KeHHS (IyopecleHIlli ra30CeHCOPHOro
HAHOKOMIIO3UTHOTO Martepiajay BUMiproBaiucs Ha cnekrpodoromerpi Specord M40
UV-VIS 3 npucrtaBkoro ayis BumiptoBanHs ¢ayopectenili. diyopecieHiiito 3pasKis,
a TakoX iX (pJIyOpecleHTHUH BIATYK Ha aMiaK peecTpPyBaJd HAa aBTOMAaTH30BaHOMY
bayopumetpi FIx-800T.

CrnekTp TmOrIMHaHHA OapBHUKAa KyMapuHy-7 1 cHEKTp (iryopecueHiii
kBaHTOBUM TOuoK CdTe MawTh NMEBHY CTYIiHb Nepekputts. HasBHICTH Takoro
MIEPEKPUTTS € HEOOXITHOIO YMOBOIO JIsl 3A1MCHEHHSI DepCcTepiBCHKOTO MEPEHECEHHS
eHeprii. Hamu mnoka3zano, mo BBeaeHHS kBaHTOBUX Touok CdTe po ckmamy
KOMIIO3UTY MiJBUIIYE I1HTEHCUBHICTh HOro dQuyopecueniii Ha 57% BIJHOCHO
IHTEHCUBHOCTI (IIyOpecLEeHIli KOMIIO3UTY 3 KyMapuHOM-7, ajie 0e3 KBaHTOBHUX
TOYOK.

JI71st CMHTE30BaHMX 3pa3KiB MaTepiany MpU KOHTAKTI 3 aM1aKOM PEeCTPYBAJIOCS
MaJIIHAS 1HTEHCUBHOCTI (PIryopecreHIlii BiTHOCHO BUX1aHOT BennurnHA. KoHIeHTparis
amiaky B Ta30Bii cymili (TIOBITp1) nmpuiiManacs 0a30BO0, BUBHAYAIUCS CUTHAIH TIPU
il mepeBunieHHi B moBiTpi Ha 0.5, 1, 5, 10 ppm. IIpu KOHTaKTI CHHTE30BaHUX 3pPa3KiB
3 aMiakOM BKa3aHUX KOHIIGHTpAIllil  CIOCTepiragocs MaaiHHS  BEJIUYUHU
IHTeHCUBHOCTI ix (uyopecuenuii Ha 1%, 2%, 6%, 14% BiAMOBIAHO; a TaKOX
BUSBJICHA 37aTHICTh 0aratopa3oBOro BIJIHOBJICHHSI CEHCOPHUX BJIACTUBOCTEU
CUHTE30BAHMX 3pa3KiB IICIs MPOKAYyBaHHS Yepe3 KIOBETY 31 3pa3KOM YHCTOIO
MOBITPSI.

[TponeMoHcTpOBaHM 1CTOTHUI BIATYK CTBOPEHOTO HAMH Marepialy Ha amiak, a
HASBHICTBH KOPEJIAIii MK 3HAUYSHHSIM MaJlIHHS CUTHATY (DITyOpECIEHITIT TOCIHKYBaHUX
3pa3KiB 1 3MIHOIO KOHIIEHTpaIlli amiaky B MpoO0i JTa€ MOXKIHUBICTh y TEPCIEKTHUBI
BUKOPHCTOBYBATH MW Martepiay sIK YYTJIMBHA C€IEMEHT MOPTATHBHHUX CEHCOPIB JUIS
HEIHBAa3UBHOI JIIarHOCTUKH 3aXBOPIOBAHb 1 MOHITOPUHTY HABKOJIMIIIHBOTO CEPEIOBHUIIIA.

[1] C.H. IlteixoB , T.}O. Pycanosa. Poc. xum. xypH. 52, 92 (2008).
[2] B.I1. Minaii., A.I'.Mucropa, C.B.Kpusenp, S1.I1.JIazoperko XKXypHan HaHO- Ta
enexktponHoi ¢izuku 8, 04032 (2016).
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DOMAIN WALL PECULIARITIES BELOW LOCK-IN PHASE
TRANSITION IN SN2P2SEs SINGLE CRYSTALS

A.Sh.Molnar, O.0.Shpenik

Ukrainian Hungarian Educational Scientific Institute,
Uzhhorod National University, Uzhhorod
e-mail: rodnashranlom@gmail.com

Recently much attention was paid to investigations of domain wall peculiarities
in proper ferroelectrics with incommensurate phase of type Il in the vicinity of a
Lifshits point in the concentration (pressure) — temperature phase diagram [1,2].
Interesting phenomena can appear by transformation of domain structure into
incommensurate (IC) modulation across lock-in transition near the Lifshitz point and
vice versa — when domain dimensions start to be comparable to modulation wave
length in the IC phase, we could expect their interference while going through IC-
commensurate phase (CP) phase transition.

In paper [3] it has been mentioned that similar to SC(NH>), and NaNO, proper
ferroelectrics with IC phase of type Il Sn,P,Ses crystal shows clearly defined
anomalies of temperature dependence of the dielectric constant below T.. This
behavior could be related to the peculiar form of domain walls and their temperature
dependence in such materials. These peculiarities probably exist because of the
strongly nonlinear potential of polarization fluctuation for crystals of Sn,P,(SexS:-x)
solid solutions.

To investigate the form of the domain walls in Sn,P,(SexS;.x) crystals we use
the well-known phenomenological theory®. The expansion of thermodynamic
potential density function for this case is given by

f _Zpe +EP‘1 +Lpe +§li~rrP3|z +Iwpy +%PZ(FP32 (1)
2 4 6 2 2 2
where the polarization is the order parameter, a=ar(T-To), To is the temperature of
the phase transition directly from paraelectric to ferroelectric phase, <0, y>0, 6<0,
>0, 2>0. Minimizing the free energy per unit volume F=(1/L)/o*f(x)dx and applying
boundary conditions of P=+P. for x—=+o0, where P; is the polarization in ferroelectric
phase, we can obtain the form of domain wall®. As well known the P; in ferroelectric
phase has to satisfy the relation aP; + fP:> + yP>=0. As it is usual we can put for the
function which describes the form of the domain wall P=P,+P. (where P, is a
variational part of spontaneous polarization and P,—0 as x—=+) and inserting it into
the Euler-Lagrange equation which corresponds to the variational problem with
thermodynamic potential density (1) we obtain the equation:
gPlV +16 + APZIPI" + [aP, + 3BP2 + syPY1P, = 0 (2)
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The solution of this equation defines the character of the approach of the order
parameter to P, when x—o0.

The differential equation (2) is nonlinear and as for now no particular solution
Is known for it. This nonlinearity of equation (2) represents the strongly nonlinear
character of potential for fluctuation of polarization. In papers [6,7] an approach was
developed to get a numerical solution to variational problem with potential (1) in the
temperature region of IC phase based on an multilevel genetic algorithm optimization
(GA). We used this approach to investigate the problem of domain walls e.g. the
finding of numerical solution of differential equation (2). In accordance with
principles of GA we create the population of N specimens. Each specimen is the
representation of order parameter distribution in the domain wall and actually is a
vector of dimension n. Selection of the specimens was carried out according to how
low the functional level can be attained. For the initial distribution we used different
functions:

PO =a-sin*00 (3)
P()=a - sn(bx, 1) (4).

The algorithm was implemented in Mathematica®. Calculations were performed
using different initial distribution in order to avoid dependence of final result on
starting conditions. Nevertheless the calculations showed that using the initial
specimen distribution (4) a deeper level of thermodynamic potential can be obtained.

With data on coefficients of equation (1), and values of Ty and P, from [8] we
have found that around temperature T,=185 K the change of character of the order
parameter approach to P, occurs. Upon the oscillatory approach of polarization to the
values of P in the domain wall the interactions between the domain walls also have
an oscillatory character.

[1] B.-K.Lai, I.Ponomareva, |.A. Kornev, |. Bellaiche, and G.J. Salamo, Phys.Rev. B
75, 085412 (2007).

[2] E.A. Eliseev, S.V. Kalinin, Y.Gu, M.D. Glinchuk, V.Khist, A. Borisevich,
V.Gopalan,L.-Q.Chen, and A.N. Morozovska. Phys.Rev. B.88, 224105 (2013).

[3] H.Mashiyama, M.Sakamoto and S.Jida, Ferroelectrics, 105, 273 (1990)
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[7] V.Yu. Korda, S.V.Berezovsky, A.S. Molev, L.P. Korda, and V.F. Klepikov.
Physica B: Condenced Matter, 426, 31 (2013).
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PEHTTEHOJIIOMIHECHEHIIISI APOMATHYHUX AMIHOKHUCJIOT
L.Momkoina, €.CeiTanunuii, B.Kpacuaunenp, O.I'omonai

Incmumym enekmponnoi ¢isuxu HAH Ykpainu, ¥Yorceopoo
e-mail:berchenil4@gmail.com
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I ! TUPO3UHY Ta (EeHITalaHiHy) Y MIKPOKpHUC-

3 000: |I TaJTIYHOMY CTaHl MiJ] JTI€I0 PEHTI€HIBCHKOTO

R BUIIPOMIHIOBaHHS.

10007 1 % 36 : ey i
Y YIKEHHS JIFOMIHECLIEHLIT 3/11HCHIOBA
250 350 450 550 650 750 JOCs 3a JIOIMOMOTOK PEHTIEHIBCHKOI TPYOKH

1600 N bCB-21 3 k00anpTOBUM aHTHKATOAOM, ILIO
1200: ‘ " ) npainoBana IpU MPUCKOPIOIOYUNA Hampysi

1o 35kB 1 crpymi 15 MA. Crektpu peHTTEeHO-
8007 . 1 mominecuenmii  (PJI) y  cmekrpamsHOMY

1. mianasoni 200-800 HM  BuMiproBanuca 3a
400i ' ey JIOTIOMOTOI0 aBTOMATH30BaHOI EKCIIEPUMEH-
ot wwanz,  TAJBHOI YCTAHOBKM Ha 0a3i MOHOXpOMAaTopa

i PP
250 350 450 550 650 750 MJIP-23. Sk mupuiiMau BHIPOMiHIOBAHHS

IaTencuBHicTh PJI, BigH. o1

400] .
1 3 BUKOPHCTOBYBABCS (OTOCTEKTPOHHUIMA
3001+ noMHokyBay ®DVY-106.
1 I Ha puc. 1 HaBenneHO CrIeKTpU PEHTIEHO-
200: [ ﬁ pﬁn‘ﬁ"q aromidecteHiii  tpunrtodany (1), deHnia-
t ikl HIEY .
100 1 @%"'-"*’J‘?ﬁ g ananiny (2) ta tuposuny (3). Jobpe BuiHO,
+ CERTYRIS TN Lt .
o Sl mo  Bei cmektpu  PJI XapakTepusyroThes

IHTEHCUBHUMH KOPOTKOXBUIILOBUMHU  (300—
400 HM) cMyramMu 10 € TPUTAMAaHHUMU
cnexktpaM Y O-TroMiHECIISHITIT IIUX MOJICKYJ 1
Kl 3yMOBJICHI TIEPEXOJaMH 3 TIEPIIOTO
30yPKEHOTO CUHIJIETHOTO PiBHS Ha OCHOBHHIA
CUHIJIETHUN piBeHb. OJIHAaK, Ha BIAMIHY BiJ CHEKTpiB Y D-IIOMIHECLEHIII B yCIX
TppoX crnekTpax PJI cmoctepiraloTbCsi Takoxk OUIbII JOBrOXBUJIBOBI IMOJOCH, IO
PO3PI3HAIOTECA K 3a nojiokeHHsAM: 580 uM (Tpuntodan), 440 um ((eninananin) ta
530 HM (THpO3WH), TaK 1 3a IHTEHCUBHICTIO. HalOinbIl 1HTEHCUBHUMH €
JOBTOXBMJILOBI TOJIOCH Y BUMAAKy TpunTodany i Tupo3uny. llpu npomy y BUMaaky
TUPO3HHY JOBFOXBHJIBOBA II0JIOCA 3@ IHTEHCHUBHICTIO IOCTYHNAEThCSI KOPOTKO-
XBUJILOBIM YCHOTO B JIBa pa3u, B TOW 4ac sk st Tpuntodany — y 5 pasiB. Hapasi
npupo/a LUX MaKCUMYMIB € HeBinmomowo. Ha Hamy aymMKy, BOHM TIOB’s3aHl 3
dbparMeHTaIli€er0  JOCHDKEHUX  MOJEKYyJl apOMAaTHYHHMX  aMIHOKHCIIOT,  sKa
B1I0YBAETHCS M1 TI€F0 BUCOKOCHEPTETUYHUX PEHTI€HIBCHKUX (POTOHIB.

250 350 450 550 650 750
JloBKHUHA XBUII1, HM

Puc. 1. Cnekrpu PJI Tpuntodany (1),
¢eninananiny (2) ta Tupo3uny (3).
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MOPIBHSIJIbHUAM AHAJII3 TIPUTOTYBAHHS
PEI'YJIAPHUX TA HEKJIACUYHUX CIIJIABIB Ar-Kr

ITPU HU3bKUX TEMIIEPATYPAX

H.C.Mucbko-KpyTtik, A.O.CoJjI000BHIK

QDi3uKo-mexHiYHUU IHCMUMYm HU3bKUX MmemMnepamyp
im. b.1. Bepxina HAH Ykpainu, Xapxis
e-mail: misko@ilt.kharkov.ua

Kpiokpucranu 3aiiMaroTh BaXJIMBE Miclie B (Di3UIll TBEPJOTO TiJIa K 3 TOUYKH
30py TEOPETUYHUX, TaK 1 MPUKIATHUX JOCHiKeHb. lle pedoBuHM, sKI mpuU
HOpPMaJbHUX YMOBaX 3HAXOASAThCA B ra3onojJi0HOMYy CTaHl, a B 00JIACTI HU3BKUX
TeMmrepaTyp peali3yeTrbcsi iXx mepexig B TBepay a3y [1]. BigHocHa mpocrtota
KPIOKPUCTAJIIB JO3BOJISIE IIUPOKO BUKOPUCTOBYBATH Il PEUYOBHHM ISl MEPEBIPKU
PI3HUX TEOPETHUUHUX MOJENEH 1 po3paxyHKiB [2]. PO3BUTOK CyyaCHUX HAyKOEMHHX
BUPOOHMIITB YaCTO OCHOBAaHMI Ha BUKOPUCTAHHI KPIOKPUCTAIIYHUX JOCITIIKCHb.
InTepec 10 BHMBUEHHs OIHApHMX CIUIABIB MOB’S3aHUN 3 TUM, IO ICHYIOTh CHUTYaIlii,
KOJIM TI€BHI BJIACTUBOCTI Ta CTaHM MOXJIMBO peali3yBaTH JIMIIE B JOMIIIKOBOMY
cTaHl. BiampamroBaHHS METOAMKM MPUTOTYBaHHSA PETrYJISPHUX PO3YUHIB €
BU3HAYAJIBHUM JUIsI (PyHIAMEHTanbHUX (I3UYHUX AOCTIIKEHb, & OCOOJMBO TEOpIi
PO3YHHIB.

VY rpyni npoctux Ban-nep-BaanbCciBCbKUX KpHUCTaliB HaOLIBIIT BUBYUEHUMH €
aTOMapHi KplOKpucTanu. BOHW yTBOpeHI aroMaMu I1HEPTHHMX Ta3iB, SIKI MAaloTh
3aMOBHEH1 30BHIIIHI O000JOHKH 31 chepuyHoro cumerpiero [3]. isi mpoBeneHHs
MOPIBHSJILHOTO aHali3y Oyno oOpaHo aToMapHO-aTOMapHUM CIUIaB aprOH-KPUIITOH 3
BiTHOCHO BIJJOMUMH CTPYKTYPHUMH XapaKTEPUCTUKAMH YUCTHX KOMIIOHEHT.

OcoOmuBi yMoBH OyJI0 MNPUAUIEHO BIANPALIOBAHHIO YMOB (POPMYBaHHS
PETYJIAPHUX Ta HEPErysIpHUX po3uuHiB. OCHOBHHM KPHUTEPIEM PETYISIPHOTO
PO3UYMHY € BUMAJIKOBUN pO3MOJUT KOMIOHEHT [4]. JochimkeHHs NpOBOIUIMCH Ha
enexktponorpadi EI'-100A 3 BukopucTaHHSIM reieBOro Kpiocrara. ['azoBa cymirn
yuctoTor0 99,98% mnpu KIMHATHIA TeMmeparypi 3MillyBajlach Y CHEI[laJIbHOMY
6anoni. OcapKeHHs CIJIaBy B1I0YyBaJIOCh Ha aJIFOMIHIEBY Ta 3MIILLIEHY 3 HUM BYT'UIbHY
nigknaaky npu temneparypax 20 K ta 5 K [5]. [ns npurotyBaHHS HEpEryJsipHOTO
cruiaBy OyJio 3MIHEHO IMPOILIEC Mojaydi ra30Boi CyMilll B KOJIOHY eJIeKTpoHorpada.

Brepire Oyno mpoBeaeHO MOPIBHSUTBHIN aHaJi3 PUTOTYBaHHS PETYISPHUX Ta
HEperyJsapHUX aTomapHo-aTomapHux crmiaBiB Ar-Kr. [IlomikpucrtaniyHi 3pas3ku
dbopmyBanics 0e€3 O3HAK TEKCTypH Yy BCIM 00JacTi B3a€EMHHMX KOHIICHTPAITi.
BiamparroBanHss METOJIMKH OTPUMAHHSI CIUJIaBIB IPU3BENIO 10 (hOPMYBaHHS PO3UMHIB
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3 pI3HUMH MOPQOJOTIYHUMH XapaKTEpPUCTUKaMU Ta IMeplojaMu iX I1CHYBaHHS.
JlocmiPKeHO KOHIICHTPALIMHUN 1HTEepBaJl CJIA0KUX po3uuHiIB 10 20 M0a% AOMIIIKY 3
000x OOKIB KOHIICHTpAIIHOT 3aJIe)KHOCTI Mapamerpa rpartku. ExcriepuMeHTanbHO
oJieprKaHi gaH1 OyJ0 BIIEpIIE MOPIBHAHO 3 TEOPETUYHUMHU PO3paxXyHKAMH BIATIOBITHO
no npaBuiia Berapaa, Teopii [Ipuroxuna ta Kj1acTepHOi MOJETI.

[1] B.U. Bepkun u A.®. Ilpuxorsko, Kpnokpucramiel, (Haykoa Jlymka, Kues,
(1983).

[2] V.G.Manzhelii, Yu.A.Freiman, Physics of cryocrystals, (New York: AIP Press,
(1997).

[3] M.L. Klein and J.A. Venables (eds.), Rare Gas Solids, (Academic Press, London,
(1976) Vol. 1; (1977) Vol. 2).

[4] J. H. Hildebrand, R. L. Scott, Regular Solutions, (Hardcover, Import (1962)).

[5] A. Solodovnik, N.S. Mysko-Krutik, Low Temperature Physics 45, 545 (2019).
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EHEPITETUYHA XAPAKTEPUCTUKA IIVIA3BMOBOI'O
ITOTOKY Y ITIPUCKOPIOBAYI 3 BIAIKPUTUMHU CTIHKAMHA

1.B.Haiiko, O.A.I'onuapos, A.M./{o6poBonbscbkuii, B.FO.baxxenos

Inemumym ¢izuku HAH Yxpainu, Kuis
e-mail: irynanaiko@gmail.com

Ha choroni BCi I’ SITh TUITIB €JIEKTPOPEAKTUBHUX KOCMIYHUX JBUTYHIB - 10HHI,
IMITyJIbCHI, cTamioHapHi TuiazMoBi ABuryHu (CILJ[), mpuckoproBadi 3 aHOJHUM
mapom (ITAIIl), wmarnito-mma3smoBi aABuryHu (MIIJ[) - Bxke MaloTh TIeBHE
NpeAcTaBieHHsS Yy (opmi JOCTIAHUIBKUX YM BUKOPHCTOBYBAHMX Mojenei. Bike
0arato pokiB Meplile Miclie Y BUPOOHULTBI JIBUTYHIB JUIsl KOcMiYHUX arapaTiB (KA)
nocigae CIIJ, skuit BukopucroByBaBcs y Oumbml sik 400 KA. Takuit ycmix CIIJ
3YMOBIJIGHUH BIJHOCHOIO TPOCTOTOI0 HOTO KOHCTPYKIII Ta EJIEKTPUYHUX CXEM,
MOJKJIMBICTIO OTPMMaHHS BHCOKHX IBHIKOcTed BHTOKY (40-50 km/c), a omHuM 3
OCHOBHHX HEJIOJIIKIB € ep03isi KOHCTPYKTHBHHUX YaCTHH IpUCKOproBaya [1, 2].

B Incturyti ¢pizuku HAH Ykpainu (M. KuiB) Oyiio 3anpornoHOBaHO HOBUM THI
IJ1a3MOBOTO MPUCKOpIOBava 13 3aMKHYTHUM Jpeii)oM €IeKTPOHIB 1 BIAKPUTHUMH
(ra3oBUMH) CTIHKAMU B UWJIIHIPUYHIA TEeOMETpli, SKUM € JOCUTh IIKABUM IS
TeHEPYBaHHS TIOTOKY 3aps/DKEHUX YAaCTHHOK 3 PI3HOI0 BEIWYHHOIO CTPYyMy 1
MIHIMAJILHOIO €pO3i€r0 KaToaa. Y TakoMy MPUCTPOi 3MEHIIEHHSI BMICTY Marepiaiy
CTIHOK B 10HHOMY ITOTOIl JIOCATA€ThCSA BHACIIIOK MiHIMI3AIlIl IJIOII TBEPAOTUIBHUX
cTiH. [IpuHIIUIIOBOIO OCOOJIMBICTIO JTAHOTO JIBUTYHA € T€, 10 10HU CXOASTHCS IO
pazilycy CHCTEMH Ha BICh, @ BUXOJATH B3/I0BXK Hel. [lepeBaroro mpuckoproBaya Takox
€ 30epexeHHS JHWHAMIKA EJIEKTPOHIB TUIa3MOBOTO  CEPEJOBHINA, OCKUIbKU
CKOPOYEHHSI IUIONI MOBEPXHI CTIHOK 3BOJWUTH JO MIHIMyMY YMOBH YTBOPEHHS
BTOPUHHUX €JEKTPOHIB 32 paXyHOK EJEeKTPOH-EJIEKTPOHHOI €eMicii 31 CTIHOK
MJ1a3MOBOT0 MPHUCKOpIoBaya. PoOoui pexxuMH AaHOTO MPHUCKOpPIOBaya JTyKe OJM3bKI
710 TAKUX Y KJIACHYHOTO TPUCKOPIOBaYa 3 aHOIHUM miapom [3].

MeTror J1aHOTO JOCHIIKCHHS € BHUBUYCHHS CHEPrii 10HIB Ha BHUXOII 3
MPUCKOPIOBaYa, SK XapaKTePUCTUKH, 10 OJHO3HAYHO TIOB’Si3aHA 3 TATOIO
€JIEKTPOPEAKTUBHOTO JIBUTyHAa. TOMy BHBUEHHS €HEprii 10HIB Ha BHXOIl 3
MPUCKOPIOBaYa € BAXKJIMBUM 3aBJaHHsIM. Bu3zHaueHHs (yHKIIT pO3MOIiIYy 10HIB 3a
EHEprisiMM B JIaHOMY TIPHCKOpPIOBayl MPOBOJUIOCH METOJAOM 3aTPUMYIOUOIO
MOTEHIIIATy 3a JOTIOMOTOI 3-X CITKOBOrO aHajizaTopa (CTpyM pospsay 2—40 MA;
manpyra 1,5-2,1kB; tuck B miamazomi 10741073 Topp). Pesymbratu nocCiigKeHb
nmokazaym (OpPMyBaHHS JOCUTh MOHOEHEPTETUYHOTO IMydKa 3 PO30LKHICTIO €HEprii
Ha piBHI 10% BiJx cepeIHBOr0 3HAYCHHS, SKE JOCATAIO JBOX TPETHH BiJ] BEIIMUHHH
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aHOJHOTO MOTeHIiaTy po3psny (3okpema, npu U anony = 1,8 kB, £ = 1,2 xeB).
3aBASKM IIMM OCOOJTMBOCTSIM TPUCKOPIOBAY 3 BIJKPUTHMH CTIHKAMH €

NpUBaOIMBUM JUIS 3aCTOCYBaHHS B CTBOPCHHI €KOHOMIYHUX MaIHMX Ta e(hEeKTHBHHUX

paKeTHUX JIBUTYHIB, pI3HOMaHITHUX TEXHOJOTIYHUX 3aCTOCYBaHb Ta JIIH3

MO3UTHUBHOTO MPOCTOPOBOTO 3apsdy s (OKYyCyBaHHS HETATUBHO 3apsKEHHX
MyYKiB.

[1] Physics of Plasmas 27, 120601 (2020).

[2] DM Goebel, | Katz. Fundamentals of electric propulsion: ion and Hall thrusters
(John Wiley & Sons, 2008).

[3] Review of Scientific Instruments 87, 02A501 (2016).
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PROTON IMAGING WITH PIXEL DETECTOR TIMEPIX3 AT
TANDETRON ACCELERATOR

V.Olgansky" 3, C.Granja?, A.Mackova!, C.Oancea?, V.Havranek!, D.Chvatil*, J.Bila®

! Nuclear Physics Institute CAS p.r.i., Rez near Prague, Czech Republic
2ADVACAM, Prague, Czech Republic
3 Department of Instrumentation and Control Engineering, Czech Technical
University in Prague, Czech republic
e-mail: olsansky@ujf.cas.cz

We examined the application of proton imaging [1] on thin samples at the
proton and light-ion Tandetron accelerator [2] of the NPI-CAS in Rez near Prague.
We make use of high-sensitivity hybrid semiconductor ASIC pixel detectors
Medipix/Timepix equipped with integrated per-pixel signal processing electronics.
We use the Timepix3 chip [3] equipped with a 500 um Si sensor operated with a fast
frame rate AdvaPix readout electronics interface.

Measurements were performed in air with a 2.9 MeV proton microbeam on
thin samples (< 100 um thick). Mylar and aluminum foils were variously stacked and
used as samples. The samples were placed in front of the detector in orthogonal
geometry (beam axis perpendicular to the sensor plane). Measurements were
performed with both a focused microbeam (few um size). The measuring setup is
illustrated in Fig. 1.

frame
with sample
I— exit window
AdvaPix
Timepix3
—— positioning
system

active layer
of detector

Figure 1. lllustration of measuring setup: The
proton microbeam goes through the thin sample
fixed in front of the detector is behind the sample.
The detector with the sample is mounted on a 2D-
positioning system.

The imaging principle and source of contrast are based on small changes in the
deposited energy of the proton after passing through the sample [4]. These changes
can be registered by detailed spectral-tracking analysis of the pixelated clusters in the
detector [5]. The track parameters we utilize for imaging contrast are deposited
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energy, cluster area (number of pixels) and cluster height (maximum energy value of
the pixels in the cluster) [5]. The position of interaction in the detector is registered in
sub-pixel resolution [4] down to few pum scale for the particles and geometry used
[6]. Radiographies are reconstructed based on these individual parameters imaged in
Image bins of adjustable size (few um up to few tens of um). Results and the sample
used are shown in Fig. 2.

Measurements were carried out at the CANAM infrastructure of the NPl CAS
Rez supported through MSMT project No. LM2015056.
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Figure 2. Proton radiograph (left) of a stacked aluminum foil array. The whole
detector sensor is shown (256 x 256 pixels = 14 x 14 mm?). The image is produced
by differences in area size of single cluster tracks (values range from 23 to 38
pixels). Photo of the sample assembled from several aluminum foils stacked in
stairs geometry (right). The rectangle in blue marks the scanned area (few mm size)
for the radiograph shown.

[1] Koehler A.M., Proton radiography, Science, 160, 3825(1968)

[2] Romanenko O., Havranek V., Mackova A, et al., Nuclear Physics Institute in Rez,
Rev. Sci. Instrum. 90, 013701 (2019).

[3] Poikela T., Plosila J., Westerlund T., et al., J. of Instrum. 9, C05013 (2014).

[4]J. Jakubek, J. of Instrum. 4, 03013 (2009).

[5] C. Granja, J. Jakubek, S. Polansky, et al., Nuclear Instr. Methods A 908, 60
(2018).

[6] C. Granja, K. Kudela, J. Jakubek, et al., Nuclear Instr. Methods A 911, 142-152
(2018).
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He NANODROPLETS AS AUNIQUE QUANTUM
CELL FOR FUNDAMENTAL PHYSICS RESEARCH

Y. Ovcharenko

European XFEL GmbH, Schenefeld, Germany
e-mail: yevheniy.ovcharenko@xfel.eu

Helium (He) nanodroplets, commonly called as the “ideal spectroscopic
matrix”, has been actively studied since their discovery in 1954 [1]. Usually they
mostly serve as a cold, weakly perturbing and transparent medium for high-resolution
spectroscopy and can be viewed as an isothermal nanoscopic reactor for isolation of
single molecules, clusters or even a single reactive encounter at ultralow temperatures
[2]. Since one of the unique and useful properties of He nanodroplets is their ability
to pick-up atoms or molecules, it allows to study of unique and unperturbed by the
environment fundamental processes of doped species. On the other hand, intrinsic
guantum properties of pure He nanodroplets still are subject of current research [3].
Thus, when weakly-bound complexes such as He droplets are multiply excited by
intense electromagnetic radiation, energy can be exchanged between neighboring
atoms through an interatomic Coulombic decay (ICD) [4].

Here we would like to present the ionization dynamics of He nanodroplets
irradiated by intense, femtosecond extreme ultraviolet (XUV) pulses, investigated by
photo-ion and photoelectron spectroscopies [5-7]. Helium nanodroplets are
resonantly excited to atomic-like 2p states with a photon energy of 21.5 eV, below
the ionization potential (Ip), and directly into the ionization continuum with 42.8 eV
photons. While electron emission following direct ionization above Ip is well
explained within a model based on a sequence of direct electron emission events [8],
a complex evolution of the electron spectra as a function of droplet size (250 to 10°
He atoms per droplet) and XUV intensity (10%-102 Wem™) is observed below the
ionization potential.

Despite the theoretical predictions in [4], where the main decay channel should
proceed via the ICD, the resonant excitation at high power densities provides
evidence of a new, collective ionization mechanism (CAIl) involving many excited
atomic-like 2p states [6]. Additionally, we find that at low and intermediate power
densities the resonantly excited He nanodroplets undergo ultrafast relaxation [9,10]
and ICD autoionization decay only follows the ultrafast interband electronic
transitions. With the help of a numerical simulation based on rate equations we were
able to analyze a whole chain of sequential processes including ultrafast electronic
relaxation, ICD decay, secondary inelastic collisions, desorption of electronically
excited atoms, multi-step ionization and collective autoionization.
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We hope that our results provide a detailed understanding of how
autoionization of droplets evolves from a regime of low numbers of excitations in the
droplets characterized by sharp electron emission lines, to complex autoionization
involving many different processes, which eventually results in a cold dense plasma
emitting electrons with a broad energy distribution. Additionally, in the agreement
with recent theoretical work the novel ionization process, i.e. CAl, is very efficient
and it is expected to be important for many other systems. By comparing the
experimental results with our simulations, we identify several interesting,
fundamental questions which still remain open. Namely, what happens on ultrafast
time scales, can we observe the migration or diffusion of excitations? How does a
transition from delocalized to localized states take place? How does a network of
excitations and subsequent plasma dynamics develop? While these topics need in the
first place more detailed theoretical work, from an experimental point of view,
performing time resolved measurements to directly access the complete time
evolution of the system is highly desirable and will give direct insight into the motion
of excitations, such as bubble formation followed by ejection of the excitation out of
the droplet or even merging of bubbles [7,10].

Another interesting and unique quantum property of He nanodroplet is his
microscopic superfluidity. Due to that fact, a significant fraction of superfluid helium
nanodroplets produced in a free-jet expansion can gain high angular momentum
resulting in large centrifugal deformation. To study this deformation, we measured
single-shot diffraction patterns of individual rotating helium nanodroplets up to large
scattering angles using intense extreme ultraviolet light pulses from the FERMI free-
electron laser [11]. It has been found, that the shapes of spinning superfluid helium
droplets exhibit the same stages as classical rotating droplets while the previously
reported metastable, oblate shapes of quantum droplets are not observed. Our three-
dimensional analysis represents a valuable landmark for clarifying the interrelation
between morphology and superfluidity on the nanometer scale.

[1] E. Whittle, D.A. Dows, G.C. Pimentel, J. Chem. Phys. 22, 1943 (1954).
[2] J.P. Toennies and A.F. Vilesov, Angew. Chem. Int. Ed. 43, 2622 (2004).
[3] M. Mudrich and F. Stienkemeier, Int. Rev. Phys. Chem. 33, 301 (2014).
[4] A.l. Kuleff et al., Phys. Rev. Lett. 105, 043004 (2010).

[5]A. LaForge et al., Sci. Rep. 4, 3621 (2014).

[6] Y. Ovcharenko et al., Phys. Rev. Lett. 112, 073401 (2014).

[7] Y. Ovcharenko et al., New J. Phys. 22, 083043 (2020).

[8] C. Bostedt et al., Phys. Rev. Lett. 100, 133401 (2008).

[9] M. Mudrich et al., Nature Communications 11, 112 (2020).

[10] A. LaForge et al., Phys. Rev. X, in press.

[11] B. Langbehn et al., Phys. Rev. Lett. 121, 255301 (2018).
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BU3HAYEHHS I3OMEPHOI'O BITHOINEHHA BUXOAIB IPOAYKTIB
BUCOKOIIOPOI'OBUX ®OTOAAEPHUX PEAKIIN 3 3APA/VKEHOIO
YACTHHKOIO Y BUXITHOMY KAHAJII

O.A.besmmiiko!, 0.M.Boxin?, J1.O.I'oninka-Besumiiko?, I.M.Kanenko?,
K.O.Kpsuok?!, B.A.Kymmnip?, B.B.Mitpouenko?, C.M.Onitinuk?, I1.B.I1aninivak,
C.A Ilepexorin?, C.Vallerand?

YKuiscoxuti nayionanonuii ynieepcumem imeni Tapaca Illesuenxa, Kuie
2HIIK “Ipuckopiosay” HHI] XTI HAH Yxpainu, Xapxis
SLaboratoire de I'Accélérateur Linéaire (LAL), Orsay, France
e-mail: lyalkagb@gmail.com

["amma-nipoMeH1 € 3py4YHUM IHCTPYMEHTOM IS JOCIIKEHHS PI3HUX MPOLIECIB
y sjepHii $izuii. POoTOHM 3 eHeprisiMU B iecaTKH MeB BHOCATH BITHOCHO HEBEJIHMKI
3MIiHU B sjipa (TIOPIBHSIHO 3 3aps/PKEHUMHU Ta MAaCMBHMMH YaCTUHKAMHU) 1 MOXYTb
BUKOPUCTOBYBATHUCA JJIsI OTPUMAaHHS 1H(POpMaLii PO HYKIOH-HYKJIOHHY B3a€EMO/IIIO,
KOJIEKTUBHUI pyX SAEPHOI PEYOBHMHHM (TIFAHTCHKUA JIUIOJNBHUI PE3OHAHC),
MEXaH13MHU 30yIP)KEHHSI SIIEPHOTO CTaHy, TOIIO.

[3omMepH1 BiAHOIIEHHS — 1€ BIJHOIICHHS BHUXOIB pEaKIliii yTBOPEHHS
KIHIIEBOTO s/ipa B 130MEPHOMY Ta OCHOBHOMY cTaHi. L{i BiJiHOIIEHHS 3ajeXaTh Bl
CIIHY si/ipa MIIIEH] Ta BBEJIEHOTO KyTOBOTO MOMEHTY.

[3omepH1 BigHOMIEHHS Yy (OTOAAEPHUX peakiisiX OyIu JOCUTH TOBHO
aocmmkeni s peakmid (y,n) ta (¥, }f‘], TOm SIK (¥, xnxp) peaxiil BHBYEHI
Habarato MEHII peTesibHO. BHUBYEHHS 130MEpHUX CHIBBIIHOIIEHh y PpEAKIAX 3
BUKHUJIOM 3apSAKEHUX YACTUHOK IMPEACTABIISIE IHTEPEC Yepe3 iX CYTTEBY BIAMIHHICTb
Big (Y, M) peakmiii: TaKAMHM peakilissMA 30Yy/DKYIOTbCS I1HINI CTaHH, AKi € YacTo
HEMOXIIUBUMH y (¥, M) KaHai.

["o10BHOIO METOIO JTaHOT pOOOTH € BU3HAYEHHS 130MEPHHX BiTHOIICHH BUXO/IIB
MPOJIYKTIB BHUCOKOIMIOPOTOBUX (POTOSIECPHUX PEAKIIN 3 3apsAKEHOI YACTUHKOIO Y
BHUX1IHOMY KaHaJIi.

A

Bm

o

Puc.1. Cxema po3snany 3 101aTKOBUM BHECKOM fJIpa MONEPEIHUKA.
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[MapanensHo 3 (Y, Xnxp) peakuisMud BigOyBaroThCs peakiii (¥, xn), ski
3HAXOMATHCA B 1300apHOMY JIAHIIOKKY pO3Maay BHILNE PEAKIiii 3 BHIBOTOM
3apaKeHoi 4YacTMHKM (Hampuknan, peakuis (¥, 2n) sume peakuii (¥, np)).
[Iponyktst 1MX (QOTOHEHTPOHHUX PEAKI[ii MPOJOBXKYIOTh HAaCHYyBaTH piBHI
JTOCIDKYBAHOTO sifpa (3 3apsAHKEHOI0 YAaCTUHKOI Y BHUXIAHOMY KaHall) IMicCIs
3aKIHYECHHS OMPOMIHEHHS.

JIy1s1 KOPEKTHOTO €KCIEPUMEHTAIBHOTO BU3HAYCHHS 130MEPHOTO BiIHOIICHHS
BHUXO/IIB BO)XXJINBO BPaXyBaTH 3aBAYKAIOUMI BHECOK TaKUX (POTOHEHTPOHHUX PEaKIIi.
VY Bumaaky yTBOpeHHs i30MepHOi mapu Bm Bg Ta sapa momepemHuka A, sike MOxe
HAaCHYyBaTH MPU CBOEMY pO3Majl i30MepHi piBHI sjpa B (nuB. Puc.1) MmoxkHa ckiactu
HACTYITHY CUCTeMY TU(EpEeHITIHHUX PIBHSHB:

LD _ v, (1) — 2N,(0)
BEnE Y, (0) = ANam (1) + PasmAaNa (0 ,
800 — Vg (8) = Ay Nag (t) + PamsgAsm Nam(t) + Pasg2uNa(®)
e NA, — 3aCeJIEHICTh OCHOBHOI'O piBHH AApa-IoIICPpCaAHNKA, IO B JAHIOIOXKKY Oera-

po3nagy € MaTepUHCHKUM SIAPOM IS JOCHIIKYBaHOI 130MEPHOI mapu, Y, — BHXIJ

A

peakuii 3 yTBOPEHHSM IbOTO spa, A, - CTaja po3Maigy sApa-NoNepeTHHKa,

Ngi» I=g(m) — 3aceyieHICTh OCHOBHOTO (METAacTabiILHOTO) PIBHS Sapa, IO
BHBYAETHCA, Y., I=g(m) — BuXia peakiii 3 YTBOPEHHIM sijpa, IO JAOCITIKYEThCS,
Agm (iBg) - cram po3maay MeTacTalbiapbHOro (OCHOBHOTO) CTaHy sjpa, IIo

BuBuaeThes, P;(i=ABm, ABg, BmBQg) - xocoimienT po3ramyxeHHs (BiIHOIICHHS
IMOBIPHOCT1 pO3Majy Ha 130MEpHUMN (OCHOBHHUM) CTaHH JOCIHIIKYBAaHOTO siipa JI0
MOBHOTO poO3Majy SApa-MonepeaHrKa, ad0 BIJHOIIEHHS IMOBIPHOCTI TMEpPEXoay 3
130MEpHOr0 CTaHy Ha OCHOBHMI J0 MOBHOI IMOBIPHOCTI pO3Maay 130MEPHOTO CTaHY
JOCJIIKYBAHOTO SI7Ipa).

VY naniit pobOTI MPOBEACHO aHATITUYHUN PO3B’SI30K JAHOT CUCTEMU PIBHSHb Ta
HAIMCaHO KOJ JJISi PO3PaxyHKYy 130MEPHOTO BIJHOIIEHHS 3 BpaxyBaHHSM BHECKY
sJIpa-TonepeIHIKa.

HaykoBa poGota aBropiB 3 KuiBChbKOro HaIllOHAJBLHOTO YHIBEPCHUTETY IMEHI1

Tapaca IlleBuenka i LAL mnpoBomuiocs B paMkax MIKHAPOMHOI AacoIliiioBaHOI
naboparopii LIA IDEATE.
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AN INVESTIGATION OF THE ELECTRONIC STRUCTURE OF
NITROGEN CONTAINING HETEROCYCLES BY SYNCHROTRON-BASED
SPECTROSCOPIC TECHNIQUES

O.Plekan?, C.Callegari!, M.Di Fraia!, K.C.Prince!, R.Richter!, H.Sa’adeh?,
A .Ciavardini®, M.Devetta*, D.Facciala*, C.Vozzi*, L.Avaldi®, P.Bolognesi®,
M.C.Castrovilli®, D.Catone®, M.Corenco®, E.Bernes’, G.Fronzoni’, D.Toffoli’,
and A.Ponzi®

Elettra Sincrotrone Trieste, Area Science Park, Basovizza, Trieste, Italy,
2Department of Physics, The University of Jordan, Amman, Jordan,
3University of Nova Gorica, Ajdovicina, Slovenia,

*CNR-Istituto di Fotonica e Nanotecnologie, (CNR-IFN), Milano, Italy,
SCNR-Istituto di Struttura della Materia (CNR-1SM), Monterotondo Scalo, Italy,
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"Dipartimento di Scienze Chimiche, Universita degli Studi di Trieste, Trieste, Italy,
8Institut Ruder BoSkovié, Zagreb, Croatia.
e-mail: oksana.plekan@elettra.eu

Heterocycles such as indoles represent a very important class of compounds.
Indole (I), 2,3-dihydro-7-azaindole (7-Al) and 3-formylindole (3-FI) (see Fig.1) are
prevalent substructures in naturally occurring and synthetic molecules playing key
roles in biology, chemistry and medicine [1]. Indole derivatives possess unique
biological characteristics such as: antioxidant, anticancer, antibacterial, antifungal,
anti-inflammatory, antiviral, anticonvulsant and antihypertensive properties, among
other applications. In addition, indole-based chromophores form the basic building
block units of the eumelanin pigments that occur frequently in nature and serve to
protect organisms from the potentially damaging effects of UV light [2]. 7-Al, whose
molecular structure is shown in Fig. 1(b), has received considerable attention since
the corresponding dimer has been recognized as a simple model for the hydrogen-
bonded base pairs of DNA and could provide information on the possible role of
tautomerism in mutation [3]. 3-formylindole is a heteroarenecarbaldehyde, that is, the
hydrogen at position 3 of indole has been replaced by a formyl group (see Fig. 1(c)),
and is known as a biologically active metabolite [4].

Because of their rich chemistry and biological activity, indoles have been
extensively studied using various spectroscopies. Experimental studies of electronic
properties of indole and its derivatives have employed optical (including vibrationally
and rotationally resolved) methods [5] as well as time-resolved ion and photoelectron
spectroscopy [6]. However, it appears that up to now experimental evidence
concerning the full electronic structure of these biomolecules under isolated
conditions is still limited. Since nitrogen containing heterocycles have been identified
as an important probe for studying protein interaction, and since little is known about
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their electronic structure in the ground state, information about inner-valence, core
level as well as unoccupied states becomes crucial.

(@) (b)
Fig. 1. Schematic chemical structures of the investigated indoles: (a) indole, (b) 2,3-
dihydro-7-azaindole (7-Al), and (c) 3-formylindole (3-FI). The C (black), N (blue)
and O (red) atoms are labelled.

The present work provides a comprehensive electronic structure analysis for
two indole derivatives - in direct comparison to the parent indole — based on
synchrotron radiation spectroscopic techniques. Valence band (VB) spectroscopy
allows us to experimentally determine the ionization energies of molecules that can
be correlated to the energies of occupied molecular orbitals. X-ray photoelectron
spectroscopy (XPS) provides localized ionization of a specific atom, and chemical
information about that atom. Near edge X-ray absorption fine structure (NEXAFS)
spectroscopy is an ideal method to probe the electronic properties of materials
through the absorption fine structure in the spectra which corresponds to transitions
from core orbitals to unoccupied orbitals. In addition, all experimental data have been
interpreted by density functional theory (DFT) calculations [7, 8].

[1] R. J. Sundberg, The Chemistry of Indoles (Academic Press, New York, 1996).
[2] P. Meredith, T. Sarna. Pigment Cell Res., 19, 572 (2006).

[3] K. Fuke, H. Yoshiuchi, K. Kaya. J. Phys. Chem., 88, 5840 (1984).

[4] L.S. Zhang, S.S. Davies. Genome Medicine. 8, 1 (2016).

[5] L. A Philips, D. H. Levy. J. Chem. Phys., 85, 1327 (1986).

[6] T. J. Godfrey, H. Yu, S. Ullrich. J. Chem. Phys., 141, 044314 (2014).

[7] O. Plekan et al. J. Phys. Chem. A. 124, 4115 (2020).

[8] A. Ponzi et al. Submitted to the JPC (2021).

114


https://onlinelibrary.wiley.com/journal/16000749

IE®-2021 IEP-2021
VYxropon, 26-28 tpaeus 2021 Uzhhorod, 26-28 May 2021

AOCJIIKEHHSI BILIUBY OIIPOMIHEHHSA ETJEKTPOHHUMH
ITYYKAMMH HA ITIOKA3HU MI/Ib-KOHCTAHTAHOBOI TEPMOITAPH

I.I'' Merena, O.M.Ilon

Incmumym enekmponnoi ¢isuxu HAH Ykpainu, ¥Yoceopoo
e-mail: oksana_pop@i.ua

VY 3B'A13Ky 3 BETUKOIO HIUIBHICTIO MOTOKY €JIEKTPOHIB Ha BUXO/II MIKpOTpoHa M-
30 BuHHKae MOTpeda KOHTPOIIIO TeMIIEpaTypH 3pa3KiB Ta 3a0e3mneueHHsT HeoOX1THOTO
il 3HaYeHHS MM Yac ONMPOMIHEHHS. 3 IIIEI0 METOI MOXKYTh BHKOPHCTOBYBATHCS
TepMonapu. 3a3Buuai, Ipu poOOTI Ha MIKPOTpoHI M-30 BaXJIMBUM € BUMIPIOBaHHS
temnepaTypu B mianazoni 77-400 K. Jlnsa mporo iHTepBaily TemmepaTryp 3py4HOIO €
MiJIb-KOHCTAaHTaHOBa TepMomapa. BaXiIuBUM € JOCTIAUTH MOKJIMBUN BIUIUB
OTPOMIHEHHS Ha XapaKTEPUCTUKHU M1b-KOHCTAHTAHOBOI TEPMOMIAPH.

3 1i€l0 METOW JIOCHiKyBajach JAudepeHIliaibHa MiJIb-KOHCTaHTaHOBA
TepMonapa Iicias JOBrOTPHBAJIOrO 3aCTOCYBaHHS ii JJIi BUMIPIB TEMIEpPATypH
3pa3KiB y MPOLECI ONPOMIHEHHS IPH PI3HUX Temmeparypax. Miib-KOHCTaHTaHOBA
TepMomapa Oyla ONpOMiHEHa iHTerpadbHuMU ToToKamu 5-10% em-cm? Ta
1-10%° en.-cm?. Tlicns 4oro mpoBejieHi KaniOpyBaHHS 3HA4eHb ii TEPMO-€.p.C. IIO
ToukaM, Tabu. 1, kuminns a3oty (77 K), mnaBnenus npoay (273 K) Ta kumiHHS BOAM
(373 K) (cToBmumK 2), micisi ONpoMiHEHHs iHTerpajdbHuM moTokoMm 5 108 em. cm?
(croBmuuk 3) Ta micas onpoMiHeHHs iHTerpadbHMM motokom 1 10%° em. cm?
(croBnuuk 4). B cTroBmumky | mpuBeneHO CTaHAApTHI 3HAYEHHS LUX MoKasiB [1].
Bumipu 3a1iicHIOBaIMCh BIIHOCHO TEMIEPATypy KUIIHHS a30TYy.

Tabmuus 1
Brumis onpoMiHEHHS €IEKTPOHAMH Ha ITOKa3HUKH MiIb-KOHCTAHTAHOBOI TEPMOIIapu

Temneparypa, Bnus Tepmo — e.p.c., MB
K 1 2 3 4
77 0,0000 0,002 0,001 0,002
273 5,4746 5,489 5,472 5,482
373 9,7506 9,772 9,763 9,768

Sk BUIHO 3 HABEJEHUX PE3YJIbTATIB, B MEXKaX MOXUOKH BIIUB ONMPOMIHEHHS HA
MOKa3u MiJb-KOHCTAHTAHOBOI TEPMOMApPH HE CIOCTEPIraeThCs, MO0 MIATBEPIKYE
OOTPYHTOBAHICTH 11 BUKOPUCTAHHS 11 KOHTPOJIIO TEMIIEPATypH MPU OTPOMIHEHHI.

[1] T.B. CamconoB, A.M. Kun, O.A. Kiozgenun, B.W. Jlax, U.®. [Nansusis, B.1.
Crannbik (K.: M3a. "HaykoBa nymka", 1972).
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ACUMIITOTUYHA TEOPISA 3APATOBOI'O OBMIHY MIK JIUITOJIBHO-
3B'SI3AHUMU AHIOHAMMH TA ITOJIAPHUMU MOJIEKYJIAMH

B.P.€Buu, M.B.ITon, M.A.€puu, M.1.KapboBanernp

JIBH3 « Yarceopodcwvkuil Hayionanvhuil yHigepcumemy, Yoceopoo
e-mail: m.karbovanets@gmail.com

JlunonibHO-3B’s13aH1 aHioHU (/[3A), ToOTO Bij’€MHI MOJEKYISPHI 10HU, B SKUX
HAJUIMIIKOBUI €JEKTPOH 3B’SI3aHMM 3 HEWTPAJIbHOI MOJEKYJIOW 3aBASKH il
BJIACHOMY JIUIIOJIbBHOMY MOMEHTY, BIPOJOBXK OCTaHHIX POKIB CTaHOBISATH 3HAYHHIA
1HTEepec K Ui eKCIIEPUMEHTATOPIB, TaK 1 st TeopeTukiB [1-3]. 3oBHIIHIN cnabko
3B’s3aHUil  enekTpoH y J3A yTpumyerhcs Ha AUQY3HIM opbiTami  BeIMKOi
HOPOTSKHOCTI (IECSATKHM aHICTPEM) 3 MaJlOl0 EHEpriero 3B s3Ky (necsatku MmeB),
BHACIHIOK 4oro [I3A mposBIsAIOTH BUCOKY aKTHUBHICTh Y PI3HOMAHITHUX PEAKIIisX,
30KpeMa, 3apsiIoBO-0OOMIHHUX. Y JaHiid poOOTI B MeXaX KBa3iKJIACUYHOTO BapiaHTY
aCUMITOTUYHOI Teopii [2] MAOCHIIKEHO HU3BKOCHEPTETUYHY OJIHOCJIEKTPOHHY

nepesapsaaky J3A A~ Ha nmossipHii Mojiekym B Bumy:
A+B->A+B". (1)
OpHoeneKTpoHHY OOMIHHY B3a€MOIiI0, sika Bu3Havae npoiec (1), oduncineno
METOJIOM MOBEpXHEBUX 1HTErpaiiB [2]. g 3HaxX0MKEHHS MPAaBUWIHBHUX aCUMIITOTHUK

XBUJILOBUX (DYHKLIA KBA3IMOJIEKYJIN (AB)_ Bukopucrtano Mmerog BKDbB, a mossphi
MoJsiekyu Ta JI3A po3risiatoTbes B MOl TOYKOBOTO JUIIOJIS.

OpepkaHO aHaJNITUYHE MPEACTABJICHHS JUIsl MOTEHIaly OJHOEIEKTPOHHOI
O0OMIHHOI B3a€MOJI1i MOJSPHOI MoJieKyu 3 [I3A 3 ypaxyBaHHSIM B3a€MHOI Opl€HTaLl
MOJIEKYJISIPHUX 3JIMIIKIB. Y MeXKax KOHIENIIi “TMHaMIYHOr0” MOTEHI1aly OOMIHHOT
B3a€EMO/III BpaxoBaHO e(PEKTH MEepPeHOCYy IMMyINbCy eneKkTpoHa y peakii (1), ski
CTal0Th 0COOJIMBO BITUYTHUMH NP MIBUAKOCTSX 3ITKHEHHS L >1 a.0.

OO06uucieHo Tepepi3u OJHOEIEKTPOHHOI mepe3apsaaku JI3A aineTroHITpuiy
CH3CN ~ Ha nosnsipHiit monexyni HitpomeTany CH3;NO, :

CHZCN "+ CH3NO, — CH3;CN + CH3;NO, (2)

3 BpaxyBaHHAM OOEpTabHUX CTaHIB MOJEKYJSAPHUX 3aluIIKIB. Po3paxoBaHi Hamu

nepepizu nporiiecy (2) 3aI0BUIBHO Y3TOHKYIOTHCS 3 €KCIIEPUMEHTAILHUMH JTAaHUMU

[1].

JlocniakeHo MOXKIIMBICTh YTBOPEHHS IUMEPIB y TUIMOJIBHO-3B’sI3aHUX aHIOHAX.

[1] Y. Liu, M. Cannon, L. Suess, F.B. Dunning, V.E. Chernov, B.A. Zon,
Chem.Phys.Lett. 433, 1 (2006).

[2] O.M. Kap6osanenp, M.I. Kap6osanenp, B.1O. Jlazyp, M.B. Xoma, Hayk. BicH.
Vxkr. yH-Ty. Cepis ®@izuka 25, 115 (2009).

[3] V.E. Chernov, A.D. Danilyan, B.A. Zon, Phys.Rev. A 80, 022702 (2009).
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CUMJisilIsA HAPAMETPIB ITYYKIB I'AJIBMIBHOTI'O
BUIIPOMIHIOBAHHS ITPU B3AEMO/III EJJEKTPOHIB
3 TAHTAJIOBUM KOHBEPTEPOM HA MIKPOTPOHI M-30

L.B.[Tunumuunens, €.B.0Oneitnikos, O.0.I1apnar, O.1.Jlennen

Inemumym enekmponnoi ¢isuxu HAH Ykpainu, ¥Yoceopoo
e-mail: igor.profi@gmail.com

Jlis BUBUEHHS XapakTEpUCTUK (OTOSIEpHUX peakiii (doTtomoniny smaep
aKTHUHIJIIB) Ta MPU MPOBEACHHI NMPHUKIATHUX TOCITIIKEHb (130TOMHUHN 1 KiJTbKICHHM
aHali3 AAEpPHUX MaTepialliB, paTiOaKTUBHUX BIIXOMAIB) IIMPOKO BUKOPHUCTOBYIOTHCS
MyYKH TaJIbMIBHOTO BHUIIPOMIHIOBAHHS, SIKI OTPUMYIOThCS TIPU B3a€MOJIIi €JIEKTPOHIB
13 KOoHBepTepamH (paaiaTopamu, TaJbMIBHHUMH MIIICHSIMU), BHUTOTOBJICHHUMH 3
TYTOIJIABKUX METaJIB, HA EJIEKTPOHHUX MPUCKOPIOBayax.

Sx Marepianl JUisi BUTOTOBJICHHS KOHBEPTEPIB LIMPOKO BUKOPHUCTOBYETHCS
tanTan (Ta) 3aBAsku cBOIM (Di3MKO-TEXHIYHMM 1 paialiiiHuM BiacTUBOCTsAM [1].
Buxig ranbMiBHOTO BUIPOMIHIOBAHHSI IPU B3a€MOJIl BUCOKOEHEPreTUYHUX ITYUKiB
eJIeKTpoHIB 3 Ta-KoHBepTepamu, B MeEplly 4epry, OyAe 3ainexaTtu Bl €Heprii
€JIEKTPOHIB Ta TOBIIMHU Ta-pamiaTopiB. Buxi raapMiBHOTO BHIPOMIHIOBaHHS MpU
B32€MO/I1i BUCOKOEHEPT€TUYHUX IYYKIB €JIEKTPOHIB 3 Ta-KOHBepTEepamu MepeayciMm
3aJIeXaTh BIJl EHEPIii eJIEKTPOHIB Ta TOBIIMHM Ta-paaiaTopis.

B pe3ynbpTaTi eKCnepuMEHTAIBHUX JOCHIKEHb Ta TEOPETUUYHUX PO3PAXYHKIB
BCTAHOBJIEHO, 1110 MAKCUMYM €()€KTUBHOCT1 BUXO/y T'aJIbMIBHOTO BUIIPOMIHIOBaHHS 3
Ta-koHBepTEpiB NOCATAETHCSA MPH iX TOBIIMHI, fKa cTaHOBUTH ~ 0.4 + 0.5 mpoOiry
CJEKTPOHIB i (ikcoBaHux 3HadeHb eHeprii [1]. Tomy, mydok raabMiBHOTO
BUIPOMIHIOBaHHS, OKPIM BHUCOKOCHEPTeTUYHUX (POTOHIB, OyJe MICTUTH 3aJUIIKOBI
€JIEKTPOHU, IO HEOOXITHO BpaxoOByBaTW TMpU TIUIAHYBaHHI  aKTUBAILIMHUX
EKCIIEPUMEHTIB Ha EJEKTPOHHUX IPUCKOpIOBauYax. BTOpHUHHI €NeKTpOHU MpHU
B3a€EMO/IIT 3 JOCTIIHPKYBaHUMH 3pa3kaMu (0COOJIMBO II€ CTOCYETHCA SIZIEp aKTHUHIJIIB)
MOJYTh 1HII[IFOBATH €JICKTPOHHO-sepHI peakiiii (€,f)-, Ta 101aTKOBO TeHepyBaTH B
HUX raneMiBHI (oToHM (€,y)- Ta ¢oToHelTponu (€,n)-. IX BHECOK MOke CyTTEBO
BIJIMBATH HAa TOYHICTh OTPUMAHHUX €KCIIEPUMEHTATbHUX JaHHX.

IcHye oOMexxeHa KUIBKICTh pOOIT, NPUCBAYEHUX EKCIEPUMEHTAILHOMY
BUBYEHHIO  TpaHcMicii  (TMOTJIMHAHHIO)  BHUCOKOCHEPTeTHUYHHMX  €JIEKTPOHIB
Ta-pamiatropamu  (mmactuHamu): oOxacth  eHepridi 4 + 12 MeB  (ToBumHa
0.018 + 3.6 cMm) [2] Ta o6macTh eHepriit 6.5 +~ 17.75 MeB (toBmunaa — 0.01 + 0.1 cm)
[1]. Cnig 3a3HaunTH, M0 HA Koe(DilieHTH TpaHcMicii (MOTJMHAHHS) eJIeKTpOoHIB Ta-
paaiaTopaMu, OKpiM iX eHeprii, BrumBaTume psn (akrtopis [3,4]: dopma (po3mipn)
JDKepenia eIeKTPOHIB, Ta-MillleHi W JEeTEKTOPH EJICKTPOHIB; BIACTaHI MIXK JHKEpeIoM
enekTpoHiB 1 Ta-pamiaropom Ta Ta-pamiaTopoM 1 JIETEKTOPOM; a TaKOX (i3WuHI
BJIACTHBOCTI JCTEKTOPA.

Tomy BupilmIieHHS 3a7adi MPOTHO3YBAHHS TapaMeTpiB (CITIBBIIHOIICHHS
BHCOKOCHEPTeTHYHUX (POTOHIB Ta 3AJMIIKOBHX EJIEKTPOHIB) MYyYKIB TajbMIBHOTO
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BUIIPOMIHIOBAHHS, SIKI B3a€MOJIIIOTH 3 JAOCTIKYBAaHUMH MIIICHSIMH, € HaJ3BHYANHO
aKTyaJbHe.

Y poboTi mpenacTaBieHl pe3ynbTaTH PO3pPaxyHKIB MapaMeTpiB  IMy4KiB
raJbMIBHOTO  BHUIIPOMIHIOBAHHS, = OTPUMaHUX TPH  B3AEMOJIII  E€JIEKTPOHIB
(Ee = 12.5 MeB) 3 Ta-xouBeprepamu (toBimuuoro — 0.01 +0.1 cMm) mas peaiabHHX
YMOB  TIPOBEJICHHS  EKCIEPUMEHTAIbHUX  JIOCHKEHb Ha  EJIIEKTPOHHOMY
npuckoproBadl —  MikpoTpoHi M-30. Jlnsg cuMynsiii  BUKOPHUCTOBYBaBCS
po3paxynkoBuii kog GEANT4 10.7 [5]. MoaentoBaHHS TMPOBOIUIIOCS IS PI3HUX
TUIIB BUXIJHOTO Iy4YKa €NEKTPOHIB, a came, “‘pensil beem” Ta “paralel beem” 3
HOpPMaJbHUM 1 PIBHO-IMOBIDHHUM BHXOJOM €JIEKTPOHIB Ta OTpPUMaHI HACTYIIHI
pe3yNbTaTu:
® CHEpPreTHYHI CIeKTpH (OTOHIB (y/€) i BTOPHHHHX €JIEKTPOHIB (€/€) B 3aJIC)KHOCTI

BiJ1 TOBITMHU T-KOHBepTepa Ta BijcTaHi g0 AerekTopa (0 + 200 mm). [lerekTop —
imitatop tmininapy ®Papazges (marepian — Miap, noBxkuHa — 120 MM, miamerp —
50 MM) BUKOpPUCTOBYBaBCA [isi 300py eynekTpoHiB Ta (oroHiB. Jlo1aTkoBO
dboToHU 30upalica AETEKTOPAMHU 3 30JI0Ta, Kl MaJd (OpMY JTUCKIB 31 3MIHHUMHU
paniycamu (10 + 50 mm) Ta ToBmuHOM (0.1 + 1 MMm);
® 3QJIEKHICTb CyMapHHUX BUXOJ1B ()OTOHIB Ta BTOPUHHHUX E€JIIEKTPOHIB BiJl TOBILIMHH
Ta-paniaTopa 1 BiICTaH1 10 IUIOIIMHKA PO3TAllyBaHHS JAETEKTOPIB;
® CHIBBIJHOIICHHS MK EHEPreTUYHUMU CIHEKTpaMH Ta CYMApHUMHU BHUXOJaMHU
¢doToHIB 1 BropuHHHX enekTpoHiB (Ta-pamiatop, ToBmmHa — 1 MMm) 310paHuX
AeTekTopamu noautbHUX Matepianis (Th, U, Pu), sxi Mmanu hopmy auckiB (paaiyc
— 10 mwm, ToBmmHa Bix 0.1 10 1 Mm);
® 3QJIEKHOCTI KOe(DIIIEHTIB TPAHCMICIT €JIEKTPOHIB BiJ TOBIIMHHU Ta-MileHl mpH
¢dikcoBaHuX BijcTaHsAx Ta-MilleHb — AeTeKTOp-iMiTaTop uiHapy Dapases.
Takox po3paxoBaHi:
® 3aJIe)KHOCTI BUXOMIB (POTOHIB BIJ TOBIIMHU Ta-MmilleHEH Y3romKyroTbes 3
ICHYIOYUMHU E€KCIIEPUMEHTAIPHUMU JTaHUMH [6] Ta pe3ynbTaTaMu CHUMYJISIII
MCNP xoxom [7];
® UNCENbHI 3HAYCHHS 3aJeKHOCTI KOEQIIIEHTIB TPAHCMICII EJIEKTPOHIB BiJ

ToBIIMHU Ta-pamiaTopiB npu (PiKCOBaHUX BIACTaHAX: Ta-MIlIEHb — JAETEKTOP-

iMiTaTop nmiiHApa Papanest y3roJaxyloTbes 3 eKCIEPUMEHTAIBHUMH JTaHUMH,

OTPHMAaHUMHU Ha eJIEKTPOHHOMY MPHCKOproBadi — Mikpotponi M-30 [1].

Pe3ynbTaTi po3paxyHKIB J03BOJISIIOTH ONTUMI3YBATH €KCIIEPUMEHTAIbHI CXEMU
JOCIIKEHb XAapPAaKTEPUCTUK (POTOMONAUTY s/ep aKTUHIAIB Ta CXEMHU MPOBEICHHS
MNPUKIAAHUX POOIT MO 130TOMHOMY 1 KUIBKICHOMY aHalli3y sSA€pHUX MarepiajiB Ha
€JIEKTPOHHOMY MpHUCKoproBaui — MikpoTponi M-30.

[1] I.B. IMununuusens ta id., HBYxY, cep. ®@izuka 45, 50 (2019).
[2] P. J. Ebert et al. Phys. Rev. 183, 422 (1969).

[3] R.K. Batra et al. J. Radial. Appl. Instrum. 4, 413 (1992).

[4] S. Yal¢in et al. J. Radioanal. Nucl. Chem. 266, 509 (2005).

[5] GEANTA4 10.7 (4 December 2020).

[6] V.P. Kovalev et al. At Energy. 31, 1028 (1971).

[7] Hai-Bo Xu et al. Chin. Phys. B. 19, 062901 (2010).
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X-RAY LUMINESCENCE SPECTRA OF UNDOPED Ga;03 CRYSTAL
M.Rudko?, V.Kapustianyk!, V.Mykhailyk?

lvan Franko Lviv National University, Lviv
2Diamond Light Source, Harwell Campus, Didcot, UK
e-mail: rudko_mykola@ukr.net

Recently, the scintillation properties of undoped Ga,O3 have been examined for
the first time, and it was shown that the material is a promising scintillator, exhibiting
a light yield of 15000 ph/MeV and a decay time constant of 8 ns at room
temperature [1]. This triggered further investigations of the material scintillation
properties.

In this work, we report the results of studies of X-ray luminescence of undoped
Ga O3 crystal as a function of temperature. By exploring and analyzing the
temperature dependence of these properties, we extended our knowledge of the
material and assessed the prospect of Ga,O3 for application as cryogenic scintillation
detector.
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Fig. X-ray luminescence spectra of Ga,O3; measured at different temperatures.
Two emission bands are marked as UV and B. The inset shows the emission
spectrum at T=12 K as a function of energy, decomposed into two Gaussians peaking
at 3.01 eV (blue emission) and 3.38 eV (UV emission), respectively
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Under steady-state X-ray excitation, Ga,O3 exhibits a broad emission band in
the UV-green region of emission spectrum that gradually increases in intensity with
cooling the crystal (see Fig.). The emission band peaking at 380 nm has a complex
character, which is a characteristic for a system where transitions occur within
different emission centers. This is demonstrated in the inset of Figure 1, where the
emission spectrum measured at a temperature of 12 K is plotted as a function of
photon energy.

The spectrum can be represented as a sum of two Gaussians at 3.01 and 3.38 eV,
indicating that at least two types of emission centers exist in the crystal under study.
Such a composite structure of luminescence spectra is a characteristic feature of
gallium oxide. Previous studies of luminescence properties of undoped Ga,0s;
reported at least three strongly overlapping emission bands in UV, blue, and green
parts of the emission spectra [2-5]. The UV band is generally independent of specific
Impurities and thus is assigned to the emission of self-trapped excitons. This emission
typically manifests fast kinetics in the nanosecond range. The blue and green bands
are attributed to transitions involving deep donors and acceptors. Electrons
recombining with holes at the defect sites are the origin of recombination
luminescence with long decay kinetics (microsecond range). The formation energy of
different types of intrinsic defects in 3-Ga,Os; was analyzed in a recent theoretical
work [6]. The results of that study confirmed that blue emission is due to complexes
of oxygen and gallium vacancies (Vot+Vga).
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In the present work we have studied the mechanism leading to an increase in
thermal conductivity with growing temperature in the DOD phases of molecular
crystals. As the subject of our study chose 1,1-difluoroethane (the purity of R152a
freon was not worse than 99%). Analysis of the experimental results showed that the
thermal conductivity increased with temperature, similar to how it occurs in
amorphous and glass-like substances above the plateau area.

Earlier, the increase in isochoric thermal conductivity with growing
temperature in the DOD phases of molecular crystals was qualitatively explained by a
decrease in the probability of scattering of acoustic phonons on collective rotational
excitations due to weakening of interaction between translational and orientational
subsystems [1].

A new mechanism for describing the behavior of heat transfer is proposed,
where an increase in thermal conductivity with temperature is associated with
thermally activated hopping of localized excitations. It was shown that an additional
contribution to thermal conductivity can be described using the Arrhenius expression
[2]:

kia(T) =k, -exp(-E/KT),
where E is the activation energy in kelvins; ko — pre-exponential factor, k —
Boltzmann constant.

The findings give clear evidence that the previously proposed mechanism,
related to the disinhibition of the rotational motion of molecules and a decrease in
phonon scattering is not completely coherent with the experimental facts observed. It
Is shown that the increase in thermal conductivity with growing temperature can be
described by the hopping thermal activation mechanism, with constant activation
energy and a pre-exponential factor depending on the density.

[1] V.A. Konstantinov, Heat Transfer - Theoretical Analysis, Experimental
Investigations and Industrial Systems, InTech Open Access Publisher 157 (2011).

[2] A. Jezowski, M. A. Strzhemechny, A. I. Krivchikov, O. S. Pyshkin, O. O.
Romantsova, O. A. Korolyuk, D. I. Zloba, Yu. V. Horbatenko, A. Filatova, AIP
Advances, 9, 015121 (2019).
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JIMIOMIHECHEHIIA MOJIEKYJI HUTO3UHY
ITPH PI3HUX CIIOCOBAX 3bY/KEHHSA

B.10.lllnenuk, M.1.ITadgpanbomr, b.M.Maprituy, M.I.Cyxosis, l11.b.Monnap,
0.0.1Inenuk, I.I.1Tadhpansom

JIBH3 « Yaceopodcwvkuil Hayionanvuuil yHigepcumemy, Yoceopoo
e-mail: shpenik@hotmail.com

JlromiHecHeHIlis BOJHUX PO3YHMHIB IIMTO3MHY MpU KIMHATHIA TeMmmeparypi
nocaipkyBasiacss B poborax [1, 2]. YV pobori [3] sBuImIe JIrOMiHECHEHIIIT
JTOCIIKYBaIA TIpy Y@ ONpOMIHIOBaHHI PO3YMHY IIUTO3MHY, SKUH 3aMOpPOKYBaBCs
70 TeMIepaTypu PiAKoro a3ory. PO3UMHHHMKaMH CIIYKWJIM MPOIUICHIJIIKOIb Ta/abo
MPOIJICHIIIKOJIb 3 BOJIOIO Yy cmiBBiHOMIEHH] 1:1. [lpu mopiBHSHHI pe3yJbTaTiB
pobotu [1] 3 pe3ynbpraTamu aBTOpiB [2,3] criocTepiraeTbes po30iKHICTh MAKCUMYMIB
JOBXHH XBUJIb Y criekTpax. L{i po301KHOCTI MOXKYTh OyTH TMOB’sI3aHi 3 TPYIHOIIIAMHU
peecTpaiiii ciaabkoi emicii BUIPOMIHIOBAHHSA CIOJIYK, HEJOCTAaTHIM CTYIEHEM
YUCTOTH IMPENapaTiB Ta BIUITABOM PO3YMHHUKA.

VY naHoMmy MOBiIOMJIEHHI WIAETHCS MPO BUSBICHHS Y HEUTPaJIbHOMY BOJIHOMY
cepeaoBUII (POTOMOMIHECIICHIIT [TUTO3MHY Ta ii MOPIBHSIHHS 3 JaHUMU poOiT [1-3] 1
3 JIIOMIHECLUEHLIEIO 11€i a30THUCTOI OCHOBU y Ta30Bii (a3l Ta y BUMIISAL TUIIBOK IiJT
JI€I0 MMyYKa eJIEKTPOHIB [4, 5].

@DOTONIOMIHECLIEHIIISI BUBYAJIACAd 3a JIONOMOrow crekrpodiayopumerpa REF-
6000 BupoOHMITBa KOoMmaHii Shimadzu. Bucoka YyTIMBICTH I[LOTO TMPHUIIATY
JI03BOJIMJIa BCTAHOBUTH HOBI, paHIIIe HEBIOMi, OCOOJIMBOCTI JIIOMiHECIICHIIIT
uTo3uHy. JlocmipkyBaHUN pPO3UYMH TOTYBaBCS HAa OCHOBI AWCTHIATY BOJHM Ta
npernapary IMTO3WHY, BHrotoBieHoro ¢ipmoro Sigma-Aldrich (uuctora 99 %).
30ymkenHss  (OToNOMIHECIEHIIT  BiAOyBaJlocs MiA  JIEI0  BHUIPOMIHIOBAHHS
KCCHOHOBO1 JIaMIM Ha JOBXHHI XBWJII 275 HM Ta 3a OJHOYACHOI Aii JIa3epHOTO
MpPOMEHsT 3 JOBXHMHOIO XBWil 530 HM, mo Oyno mpoBeaeHo Broepiie. Makcumym
JIOMIHECIICHITIT PO3YMHY ITUTO3UHY criocTepiraBcs B oomacti 360—380 am. Baxnmmeum
pPE3yNbTaTOM BHUKOHAHOTO EKCIICPUMEHTY € BHUSBJICHHS CHHEPTeTUYHOTO BILIUBY
JIA3€pHOTO BUIPOMIHIOBAHHS, 1110 CBIAYUTH PO OCOOIMBOCTI TpaHCcpopMallii eHeprii
30yIKEHOT MOJIEKYJIU IIUTO3HHY.

[1] H.C. Borresen, Acta Chemica Scandinavica 17, 921 (1963).

[2] S. Udenfriend, P. Zaltman, Analytical biochemistry 3, 49 (1962).

[3] J.W. Longworth, R.O. Rahn, R.G. Shulman, J. Chem. Phy. 45, Ne8, 2930 (1966).

[4] M.1. CyxoBus, B.H. Cnasuk, U.1. [lladpanso, JI.JI. [llumon, buomonumeps! u
kiaetka 7, 77 (1991).

[5] I. Shafranyosh, M. Zapatokova, M. Sukhoviya, I. Shafranyosh, and Yu. Svida,
Journal of Applied Spectroscopy 87, 256 (2020).
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JOCJ/IIIZKEHHA XIMIKO-®I3UYHUX TA BIOJIOT'TYHUX
EBOJIIOLIAHUX 3MIH ITIOKA3HUKIB BOJIA TA PO3UHUHIB
IJIIOKO3U/CAXAPO3U, OTPOMIHEHOI HA MIKPOTPOHI M-30
3 EHEPT'IE€IO 12,5 MEB

H.I.Caatiok®, H.B.Boiiko?,0.1.Cumkannu?, C.A. Tumoryk, O.M.ITor?,
O.M.Typxoscekniit, O.A.Tapuaii!, 0.0.I'pa6ap?, B.T.Macmrok’

Ynemumym enexmpounnoi ¢isuxu Hayionanvnoi akademii nayx Ykpainu, Yaceopoo
2JIBH3 « Yaiczopoocvkuti nayionanbhutl yuieepcumemy, Yacaopoo
e-mail: svatiuk@nas.gov.ua

Binomoio € akTyallbHICTh BHBUEHHSI XapaKTEPUCTUK BOJIU 1 BOJHUX PO3UMHIB
OpraHIYHUX CIIOJIYKY 0€3 Ta B ymMoBax [ii 30BHINIHIX ()aKTOpiB, BPaxOBYIOUM iX
dbyHIaMEHTaJIbHY POJIb Y KUTTI O10TH. Taki JaHi € BaKJIUBUMHU JJISl MPUKIATHUX
3aCTOCYBaHb, JI¢ BOJAAa CIYXHTh pOOOUYOI0 CYOCTaHII€El0, YU MEAlaTOpOM
TEXHOJIOT1YHHUX MpoIieciB. HaBiTh monpu mo3ipHy NpOCTOTY XIMIYHOTO CKJIaAy BOJH,
nuTaHHs 11 OyJ0BH, JJAOUTBHOCTI CTPYKTYPHUX OJUHUIL € MPEIMETOM MOCTIMHHUX
nuckycit [1]. PamiamiiiHa xiMis BOJM Ta BOJHUX PO3YHHIB BIJIKPUBAE III€ OJHH
HaIpSMOK JIOCTI/DKEHB, MOB’SI3aHUX 13 peaizallielo eK30TUYHUX XIMIYHHMX pPEaKIlii,
(OpMyBaHHSAM HOBUX XIMIKO-CTPYKTYPHHX KOMILUIEKCIB T4 BUBUEHHAM iX 010JIOTTYHOI
aKTUBHOCTI [2].

[Iponyktu paaionizy BOAM MarTh HenpsAsMuid BIUIMB Ha cTpyktypy JHK y
KUBUX OpraHi3Max, sKi € CHIBCTaBHUMHM 3 iX paJiallifiHOI JeCTPYKIIELO.
BpaxoByroun, 1mo Ha3zeMHa pajiaiis € MOCTIMHUM YUHHUKOM ICHYBaHHS O10TH,
BUBYEHHS KIHETMKUA Ta OCOOJMBOCTI XIMIKO-CTPYKTYPHHUX IEPETBOPEHb ISl BOAM,
BOJHUX PO3YMHIB Ta iX BIUIUB Ha METa0O0JII3MU KUBUX OPraHi3MiB € TaKOX
BAKJTUBUM.

Jlana po0OoTa TmpeAcTaBisie pe3yiabTaTH KOMIUIEKCHUX (I3MKO-XIMIYHUX Ta
O10JIOTIYHUX JOCTI/DKEHb XapaKTePUCTUK 1 KIHETHUKU PaJioii3y BOJU, PO3UYHHIB
[JIIOKO3M Ta Caxaposu, onpoMmiHeHux Ha Mikporponi M-30 (12,5 MeB, 1 MRad).
[IpeameTom BuBUEHHs Oyia YacoBa €BOJIIOIS IMX XapaKTEPUCTHUK HA MPUKIAJI
3pa3kiB piAuH (PO3YMHIB) 3 PI3HUM BMICTOM OpPraHIYHOiI KOMMOHEHTH. Bubpani
00’€KTH JOCHIIPKEHHS BOJa Ta TIJIOKO3a/caxapo3a MaroTh XIMIYHY CTPYKTYpY,
€JIEMEHTH SIKOI MaroTh Pi3HY YYTJIMBICTH 10 Aii paglalidHuX (PakToOpiB Ta LIUPOKO
BUKOPUCTOBYIOTHCSA B MEIMIIMHI Ta XapuyOBIi MPOMUCIOBOCTI.

Pe3ynbTaT AOCHIIKEHHS NEMOHCTPYIOTh PI3HMM XapakTep 3MiHU (13HKO-
XIMIYHUX  (ONTUYHUX, €JNEKTPOPI3UUYHUX Ta JIY>KHO/KHCIOTHUX) IapaMeTpiB
JUCTUIILOBAHOI BOAM Ta BOJHHUX PO3YMHIB TIIIOKO3W/caxapos3u. lle mposBiseTscs y
HUX PI3HAMH CTyNCHAMH eQeKTiB paialliifHOro IOIIKO/KEHHS Ta 3JaTHOCTI
BIJIHOBJTIOBAaTH CBOi XapaKTepUCTUKU 3 yacoM. HoBuM € BcTaHOBIECHHsS e(EKTiB
paaiaiiHOTO MPOCBITICHHS/3aTEMHEHHSI ONTUYHUX XaPaKTEPUCTUK JTOCIIKYBAHUX
MarepianiB. 3aJeKHO BiJ PEKHMMIB OMPOMIHEHHSI €KCIIEPUMEHT JIEMOHCTPYE PI3HY
TUHAMIKy 4YacoBHX 3MiH pH, mpoBigHOCTI Ta 01070TIYHOI aKTMBHOCTI OTPUMAHHX
BOJITHUX PO3YHHIB.
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3anpomnoHOBaHO ~ MOJENAb s TOSCHEHHS  OTPUMAHUX  PE3yJbTaTiB:
BUCOKOEHEPTeTUYHE SJIEPHE OMNPOMIHIOBAHHS B YMOBAaX JIAHOTO EKCIEPUMEHTY
CTBOPIOE 3 BHUXIJHUX OPraHIYHUX MaTepiajiB MAacHUBH €JIEMEHTAPHUX CTPYKTYPHHX
CEerMEHTIB PI3HOI MPUPOAM Ta XIMIYHOTO CKJIaTy, pelaKcaiis SKUX IMPOXOJIUTh
pi3HUMHU KaHanamu. KiHIeBuil cTaH MICTUTh HaOlp MeTacTabUIbHUX KOHDIrypartii,
nepexoar MOXKyTh OyTH CTHUMYJbOBaHI TeMIlepaTyporo Ta paaiaimietro. Curyaris
cxoxka 3 rporo Jlero [3], xomu mepeOip pi3HMX KOMOIHAIIM BUXIJHUX CETMEHTIB
JI03BOJISIE CTBOPIOBATH HOBI TIPOCTOPOBI CTpyKTypu. lle BigkpuBae MOKIMBOCTI
HAIPAaBIICHOI 3MIHM XapaKTEPUCTHUK BOJAHMX PO3UMHIB OPraHIYHHX MaTepialiB, IO
BKJIUBO s (hapMmarrii.

BcranoBieni 6i070TiYHI  XapaKTEpPUCTUKA OMPOMIHEHHX 3pa3KiB BOJIU Ta
PO3UMHIB TJIOKO3H/Caxapo3u CBiAYaTh MPO HAsBHICTH BHUOIPKOBOi MAii Ha TeCT-
MIKpOOPTaHI3MH 3 PI3HUX (PUIOrT€HETUYHHUX Tpyl. biosoriyHy akTHUBHICTH BKa3aHUX
PO3YMHIB OI[IHIOBAJIM 32 HASBHICTIO Yy HUX aHTHOAKTEPI1aJIbHOT YU CTUMYIIIOKOYOT il
CTOCOBHO BHOpaHUX TecT-Mikpooprani3mi: Staphylococcus aureus, Escherichia coli
ta Pseudomonas aeruginosa. siki € HeCIIOPOBUMH YMOBHO-TIATOTC€HHUMH OaKTepisiMH
1 BIAPIZHSIOTHCS 3a CBOEIO (DIJIOTEHETUYHOIO HAJICKHICTIO 1 MaToreHHicTio [3].
bionoriuni edektn, abo aHTHOaKTepiadbHa Jisl OMPOMIHEHUX 3pa3KiB, CYTTEBO
BIJIPI3HSIOTECS 32 CHPSMOBAHICTIO 1 BIUIMBOM Ha TMEBHUW BHJ TECTOBAHOIO
MIKpoOpraunizamMy. Mae wicie BIUIMB SK CHOCOOy  MIATOTOBKH — PO3YHHIB
TIIIOKO3HW/Caxapo3u, Tak 1 YMOBU HOTO OMPOMIHEHHS: 71032, COPT SIASPHUX YaCTHHOK
Ta MIUIBHICTh IOTOKY. Briepiiie oTpuMaHo pe3ynbTaTh JOCTIKEHb YaCOBO1 €BOJIIOIIIT
($13UKO-XIMIYHMX Ta O10JOTIYHUX XAPAKTEPUCTHUK MPOTITOM Yacy «OXOJIOIKECHHSD)
OMPOMIHEHUX PO3UMHIB. Pe3ynbTaTu MOCHIKEHb BaXKIUBI 1Ji1 PO3POOKH HOBUX
OlOMEIMYHUX  TEXHOJIOTIM  eKcHpec-peakiiii  3arpo3  BIPYCHHUX  MaHJAEMIi.
ExcniepumenTr moiOGHOTO POy MPOBOAMIUCH BIEpIIE, TOMY BOHH MalOTh BEITHKE
HAayKOBE Ta MPAKTUYHE 3HAYEHHS SIK Yy MPUKIATHUX HAyKaxX, Tak 1 B MEIUIMHI B
ILJIOMY.

[1] A. Myalitsin, S. Ghosh, S. Urashima, S. Nihonyanagi, S. Yamaguchi, T. Aoki
and T. Tahara, Phys. Chem. Chem. Phys. 22, 16527 (2020).

[2] Y. Muroya Radiation Chemistry of Water and Aqueous Solutions, 66, 425
(2017).

[3] O.l. Symkanych, V.T. Maslyuk, N.V. Boyko., S.A. Tymoshchuk, N.I. Svatiuk,
O.M. Pop, et al. Scientific Bulletin of Uzhhorod University. Series "Chemistry",
43, 92 (2020).
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OCOBJIMBOCTI PEHI'EHOJIIOMIHECHEHTHHUX XAPAKTEPUCTHUK
OPI'AHIYHHUX CITIOJYK, OITPOMIHEHUX HA MIKPOTPOHI M-30

O.1.Cumkanuy?, B.M.KpaCI/IJ]I/IHGHBZ, A.M.Conomon 2, H.I.CBaTiok?,
B.T.Macmok®, I'.®.Ilityenko?
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e-mail: svatiuk@nas.gov.ua

Bigomo, 10 pe3yabTaTu JTIOCJIIIKEHHS PEHTEHOIOMIHECIICHTHIX
XapaKTePUCTUK OpraHiYHUX CIOJIYK 10 Ta iCTIs OTIPOMIHEHHS
BHCOKOCHEPTETUYHUMH SACPHUMHU YaCTUHKAMHM MOXYTh JaTH LIHHY 1HGOpMaIliio
napameTpiB. O0’ekTamMu JOCTIPKEHHS B JaHI poOoTi Oyina opraHiuHa croiyKa-
IJII0KO3a, SIKA € TUIIOBUM IPEACTaBHUKOM CKJIQJHUX BYIJIEBOJHIB, Ta JXKEPEIOM
€Heprii JyIs )KUBUX OopraHi3MiB. L{IHHICTh BKa3aHOi PEYOBUHH, IMOJISITAE B ii JETKOMY
IPOHUKHEHHIO B yCl KIITMHHU, y4acThb y Ipolecax MeTaloJi3My JIOJUHU, 10
MOSICHIOE 11 IUPOKE BUKOPUCTAHHAM y MEJIMIIMHI Ta XapyOBii MPOMHCIOBOCTI.

Bubpanuit 00’€KT TOCTIKEHHSI Ma€ XIMIYHY CTPYKTYpPY, €IE€MEHTH KO MalOTh
pI3HY YyTJIWBICTH A0 nii  pamiamiiaux — QakropiB. Tak, T1IoKo3a €
MOJITIPOKCUANIBAETIIOM, IO MICTUTh AIBJETIAPUIHY TPpyny Ta 5 TiIPOKCUIBHUX
rpyn. s ix OyOBU XapakTEpHOIO € HAsBHICTh T1APOKCHIBHUX Tpy, 3D nukmiuna
¢dbopma, pi3HI THUIH XIMIYHOTO 3B’SI3KYy Ta Pi3HA YYTJIUBICTh CTPYKTYPHHUX E€JIEMEHTIB
oo Al pamianidiHux (akTopiB. Y po3uMHAax LYKpIB TOJOBHY pOJb BIAIIPaIOThH
TAPOKCUIIbHI PaJMKaIM, 10 YTBOPIOIOTHCS MPHU Pajioii3l BOAU 1 BIANOBIAAIOTH 32
PO3pUB 3B'A3KYy MK BYTJIEIIEM Ta BOJHEM, 1HIIA MOXJIMBA PEAKIls - TIAPOJi3 Ha
TUTIIKO3UIHOMY 3B'SI3KY.

JlocnmiKeHHsT CIEKTPIB PEHTTCHOIIOMIHECIICHINT 3pa3KiB OpPraHIYHUX CIOJIYK
MpoBOAWIIOCS Y crekTpaibHOMY miama3oHi 200—800 HM. PeHTreHomtomiHeceHTHI
METOJM BXOJSTHh y BEIUKY Tpymy (I3UYHHX METOJMIB aHami3dy, SKi KOHKYPYIOTh 3
XIMIYHUMU 1 HaBiTh (I3UKO-XIMIYHUMH MeToAamMu. HepyilHIBHI pEHTTEHIBChHKI
MeTO1 3a0e3IeuyIoTh AyXKe MBHAKWNA aHam3. Bomoaitoun HaAMBUIIOKO JTOKAJIbHICTh
cepel METOJIIB aHaji3y XIMIYHOIO CKJaJy PEYOBHMHHU (10 OAHOTO MIKPOHA), BOHHU
NpUAATHI JJI1 MPOBEACHHS aHajizy B TOYLl, KyAu (DOKYCYe€TbCS PEHTTEHIBCHKUMN
nydok. lle no3Bossie OTpuMyBaTH KapTUHY pO3MOAULY €JIEMEHTIB Ha BIJTHOCHO
HEBEJIMKIM TOBEpXHI, TOOTO 3IMCHIOBATH «EJIIEMEHTHY TOMOrpadiro» MNOBEPXHI
3paska. [Ipy 1boMy BUXOIUTH AKICHO HOBA 1H(OpMalis Npo (GopMy 3HAXOIKEHHS
€JIEMEHTIB B CKJaJl JOCHII/PKYBAaHOTO PEUOBMHM B IIoMy. MeToa 103BOJISIE
BUSIBJISITH JPiOHI CTOPOHHI XIMiuHI BKJItoUueHHs. O01acTh 3aCTOCYBaHHS JTaHOT TPYIU
METO/iB TOCTIHHO pO3IIMPIOETHCA. IX TepeBard - BHCOKA TPOLYKTUBHICTS,
00'€KTUBHICTh PE3yJIbTaTiB, MOMKJHUBICTH 0araTOEIEMEHTHOIO aHali3y, 3pY4YHICTb
aBTOMAaTH3aIlli SKa Jla€ MOXJIMBICTh BHU3HAYECHHsS eleMeHTiB Bim Mg no U,
JOCIIKEHHS SIK PIIKMX, TaK 1 TBEPAMX 3pa3KiB y BUTJISAAI TaOJIETOBAHUX TOPOIIKIB
a00 KOMMAaKTHUX TBEPAMX TUT; - HE3AJICKHICTh aHATITHYHOTO CUTHATY BiJ XIMIYHOI

125


mailto:svatiuk@nas.gov.ua

IE®-2021 IEP-2021
VYxropon, 26-28 tpaeus 2021 Uzhhorod, 26-28 May 2021

dbopMu ereMeHTa 1 arperaTHOro CTaHy pEYOBMHHU; - IIMPOKUH Jiamna3oH
BU3HAuYyBaHUX KoHIeHTpaii (19-4 - 102%), Bucoka BubipkoBicTh (10 30 eneMeHTIB
0JIHOYacHO), Bucoka TouHicTh (0,3 - 1,0%), excnipecHomy (1-5 XBUJIUH - yac aHaizy
omHiei TmpoOu); - CydacHa BHCOKA TEXHIKA OTPUMAaHHS Ta JOCIIIKECHHS
PEHTIeHIBCHKUX CIEKTPIB J03BOJISIE BH3HAYATH €JIEMEHTHUU CKJaj JOMIIIOK B
anajizoanoi mpo6i 10 0,01 - 0,001%.

PentrenonominectieHTHTHE  30yIKEHHS — 3[1MCHIOBAIOCS 3a  JOIIOMOTOIO
peHTreHiBebkoi Tpyoku BCB-21 13 k0OanbTOBUM aHTUKATOAOM MpU MPUKIIAICHIH
Hanpy3i 40 kB 1 ctpymi 15 MA. Bumipu npoBoaunucs npu KiMHaTHINA TeMIepaTypi 3a
JOTIOMOTOI0 ~ aBTOMAaTH30BaHOI  EKCIIEPUMEHTaJbHOI  yCTaHOBKM  Ha  0asi
moHoxpomaTtopa MJIP-23. B sxocTi npuiiMada BUIIPOMiHIOBaHHSI BUKOPHCTOBYBABCS
dbotoenektponHuit  momHOokyBad  (DEIl) tomy  ®DV-106.  Peectparis
eKCIiepuMeHTaIbHuX Janux Ha Buxoni DEIl 3ale3meuyBanacs BUKOPHCTaHHSIM
CHELIaJIbHO pO3pO0JIEHOT KOMIT'IOTEPHOI MporpaMu, 3aBIsSKU SKiM 3amaBanacs
HEOOX1THA KUIBKICTh BIAJIIKY (DOTOHIB y KOXKHIN TOYIll 33JaHOTO CIEKTPAIHHOTO
IHTEepBaTy Ta KPOK CKaHYBaHHS CIEKTPY 13 MOCHIIYIOUOK OOpOOKOI0 pe3ysbTaTiB
BHUMIPIOBaHb. Takoro pojay €KCHEpUMEHTH NPOBOAMUJIUCH BIEpIE, TOMY MaroTh
BOXKJIMBE HAyKOBE Ta MPAaKTHUYHE 3HAYEHHA, SK y MPUKIAJHUX HayKaX Tak 1 B
MEJIUIIMHI B LIIJIOMY.

Pamiamifini  gociimkeHHs MpoBOAUBCS Ha MikpoTpoHi M-30 IHctuTyTy
enekTpoHHoi (izukn HAH VYkpainu, napameTpu SKOTO [I03BOJSIOTH IUIABHO
pPEryJIloBaTH 3MIHM €HEprii NPUCKOPEHHX EJIEKTPOHIB B Mexax 1-25 MeB 3
MoHoeHepreTuuHicTio 0,02% Tta crpymoM mydka no 50 mxA. Jlng 3amay maHoro
eKcliepuMeHTy Oyiia BuOpaHa €Heprisi MNpPUCKOpPEHUX enekTpoHiB 12,5 MeB,
LIUTBHICTH MOTOKY Ha IUIOINII ONpOMIHIOBaHHA ckiaaana 5,5 1010 en./(cMm2 cek.), ans
KOYKHOTO LMKy OMPOMIHEHHS JocsiraBcsi 1HTerpaipHuil notik 2 1014 en./cm2, mo
BIIMOBIIae 1031 onpoMiHioBanHsa 1 MPan.

[IpencraBieHo Tepii  pe3ynabTaTH JOCHIKEHb PEHTCHOJIOMIHECIICHTHUX
CHEKTPIB TJIOKO3W y BUIJISIAI TOPONIKY Ta BOJHMX po34yuHIB. Bubip eneprii
npuckoperux enektponiB M-30 eneprieto Bumie 10 MeB ananoriuna pamiamiiftHum
MOIIKO/PKEHHAM, SIKI CHPUYMUHSIOTH HEUTPOHHM, UM BaXKl 3apsKEHI YaCTUHKH.
JlocmimkyBaiach PEHTTCHOJIIOMIHECIICHTHI CIIEKTPU OpPTaHIYHUX CIIOIYK TJIFOKO3H,
npu pizHUX no3ax ompomideHHs 14 xI'p ta 164 kI'p. Pesymbratu mocmimkeHb
MoKa3ajd, W0 BIUIMB paJiallifHOTO OMPOMIHEHHSI MPU3BOJATH JO CTBOPEHHS
HEJIOKAJIbHUX TOYKOBUX JE(EKTIB CTPYKTYpH OINPOMIHIOBAaHUX MaTepialiB, IO B
CBOIO YEpry BioOpakaeThCsl HA PEHTICHOMIOMIHECIICHTHUX criekTpax. [lokazaHo, mo
pazdiamisi COpUYMHSIE OCOOJMBOCTI PEHTCHOCTPYKTYPHUX XapaKTEPUCTUK CIIEKTPIB,
MIPOSIBJICHHS oOnacrei BHUCBIUYBaHHS, 00yMOBJIEHHX pagiamiiHuMu
MOIIKO/DKCHHAMU 1X CTPYKTYpH. OOTOBOpIOETHCS YacoBa EBOJIOIIS OTPUMAHHUX
pamiamiiHuX eeKTiB.
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JOCJ/IIIKEHHSA BMICTY PAAIOHYKJIIAIB
Yy BOI[HO—TPY!:ITOBOUMY KOMIIJIEKCI
TEPUTOPII BACEUHY P. TUCA

H.I.Cratrok®, O.M.ITort*, B.I.Poman?, O.1.CuMmxanuy?,
[.B.[Muwmnuenens?, E.B.Oneitnikos!

Ynemumym enexmpounnoi ¢isuxu HAH Ypainu, Yaczopoo,
2JIBH3 « Yarczopoocwvkuti nayionansnutl yuieepcumemy, Yacaopoo
e-mail: svatiuk@nas.gov.ua

PanmioekoyoriyHuii  MOHITOPUHT €  BaXXJIMBOI yMOBOIO  3a0e3NeueHHS
eKOJIOT1YHOi ~ Oe3reku  00’€KTIB  JOBKULIA.  Peamizaris  paaioeKoJOT14HOTO
MOHITOPUHTY TIPCBKUX pPalOHIB PErioHy J03BOJISIE BU3HAYaTH (DAKTOpU 1 JKEpela
TEXHOTCHHOTO BIUTUBY Ha HABKOJMIIHE CEPEJOBHINE 32 BMICTOM 1 MOIIUPEHHSAM
ramma-akTuBHUX HyKI11B (I"AH) npupoaHOro Ta MTYYHOTO MOXOKEHHS, BUAUISTH
HalOIbII ypa3livBl JAHKH €KOCUCTEMHU i OI[IHIOBaTH CTYMiHb LbOro BIUMBY. Lle
3YMOBIIIOE TOLIYK HUIAXIB pPO3pOOKM HOBHUX METOJIB KOMIUIEKCHOI OLIHKU
PaJI0EKOJIOTTYHOTO CTaHY TIPCHKHUX PETIOHIB 1 MPOBENIEHHS JOCTIIKEHb, 1110 JIal0Th
3MOTy JI€TaJIbHO BUBYWTHU BIJQJICHI sfepHI iHIMAEeHTU. KpiM Toro, 3a cTyneHem
BIUTMBY TJIOOANBHUX (PAKTOPIB (TEXHOTCHHI\IIPUPOJHI) € MOXKIUBICTH JOCIIKCHD
3/1aTHOCTI KMBUX OPTraHi3MIB UWHUTHU OMIpP BIPYCHUM 1H(EKIIAM.

VYxpainceki KapnaTé € BaXJIMBOIO 9aCTHHOIO TipChKOT CUCTEMH KOHTHHEHTY, a
TaKOK TMOTYXHUM (DaKTOpOM, IO PEryslo€ KIIMaTH4YHI YMOBU KpaiH CXiIHOI Ta
Lentpansaoi €Bporu. ['opn MarTh 0COOJMBHI 130TOMHUA Ta MIKPOEIEMEHTHUN
CKJIaJ, TPYHTIB 1 BOJHUX pecypciB. Ha TeoxiMil0 TIpCBKHX CHCTEM CYTTEBO
BIUIMBAIOTh (D13MKO-XIMIYHI YMOBH CEPEOBUINA, K1 ITOB’s3aHi 3 BUXOJIaMH CKEIIbHUX
nopiJi, Ta rI00abHI (aKTOPH, 0OYMOBIICHI KIIIMATUYHUMHU YMOBaMH. 3 1HIIIOTO OOKY,
ripchbKi XpeOTH € TPUPOAHUMH MOBITPSIHUMH (LIBTPAMHU, 110 aKyMYJIOIOTh TPOIYKTH
JISUTBHOCT1 JIFOJMHM, SIKI IEPEHOCATHCS BITpaMu 3 MPOMHCIIOBUX pPaiioOHIB €BPOIH.
ToMy 130TONHUHN Ta MIKPOEJIIEMEHTHHUI CKJIaJl TIPChbKUX IPYHTIB Ta BOJHHUX PECYPCIB
dbopMy€eETbCS 1 T BIUIMBOM T'e€OXIMIYHUX (PAKTOPIiB Ta MISIBHOCTI JIFOJWHHU.
[Tomanpiie ouwineHHs Tip BiAOYBa€ThCA MiJA Yac CWJIBHUX JIOIIIB Ta MOBEHEH, IO
peanizye MUKIIYHUNA OOMIH TEXHOTCHHHMX IMPOAYKTIB MIX BHCOKOTIDHUMHU Ta
HU3WUHHUMHU TipchkuMu parioHamu Kapmarchkoro periony. [ipcbki piku MaroTh
OLJIBII IHTEHCHBHI MOTOKW BOIW, HIK HHU3HMHHI. X HaAMyJIU - Jy)Xe JUHAMI4Ha Ta
iHhopMaTBHA CyOCTaHLIs, IO € KOPUCHUM JUIsl €KOJIOTITYHOTO MOHITOPUHTY
3HAYHUX NpWIENIUX Teputopiii. HasBHICTH 130JIbOBAHMX TIPCHKUX paloOHIB 3
0COOJIMBUM MIKpPOEJIEMEHTHUM CKJIaZIOM IPYHTIB Ta BOJAM OOYMOBIIOE crenu@iky
OloeTHOCY, 1O MpoxkuBae B HhoMY. Lli ) (akTopu € BU3HAYATLHUMH JJISI OIIIHKU
€KOJIOTIYHOTO CcTaHy OaceiHiB Tipchkux pik Kapmar. 3a3Haunmo, mo i eheKTUBHICTD
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aacopOuii pafioHyKIIiIIB TIPCbKUMH XpeOTaMu, OKPIM COPTY IPYHTY, 3aJIeKHUTH Bi 1X
BUCOTH Ta OynoBu nanamadty. MoxkHa BBaxaTtu, mo ['AH npuponHoro ta
IITYYHOT'O TTOXOJIXKEHHS, 110 MICTATHCS Y ITPYHTax Ta JOHHHUX BIJKJIAJIB FPChKUX PIK
MOXYTh CIYKHUTh «MITKaMU» SIK TEOXIMIYHUX IIOKa3HHMKIB pErioHy, TakK 1
IHTEHCHBHOCTI ~ ypOaHi3aliiiHMX  mporeciB.  BcTaHOBIEHHS  MPOCTOPOBHUX
3aKOHOMIPHOCTEH aKyMyJIsllii Ta CTATUCTHYHOI KJacTepw3allii i30TOMIB-MITOK IS
FIPCbKUX TEPUTOPIM Ba)UIMBE /s BCTAHOBJCHHS CTIMKOCTI X paiofOTIYHHX
MoKa3HUKIB. Ha 111 MOKa3HUKHN MOXKYTh BIUTMBATH SIK BKa3aH1 MIrpalliiiHi BIacTUBOCTI,
TaK 1 T7100a1bpH1 (haKkToOpH, 00YMOBJIEHI aTMOC(EpHUMHU omajaMu 1 PyXoM IOBITPS 31
3HAUYHUX MOpUIErIuX Teputopiil. [IpoaykTH TEXHOTE€HHOI1 AiSUIBHOCTI JIOAWHU, SIKI
NOTpaIvIsiioTh B atMocdepy, MOXKYTb 3MIHIOBAaTH  CTPYKTYpY  HA3eMHOi
panioakTUBHOCTI. Takuil BIUIMB 3a1€KUTH BiJl MOTOJAHUX YMOB, IPYHTOBOTO IMIOKPHUBY,
XIMIYHHX Ta (PI3UYHUX BIACTUBOCTEHN PaJlOHYKIIIAIB.

B nmaniii poOOTI mpeACTaBlIeHO pe3yiabTaTU PaalOEKOJOTIYHOTO MOHITOPUHTY
MOIIMPEHHA, KOHUEHTPYBaHHS Ta MIrpauli pagloHyKJIiIIB MPUPOJHOTO Ta IITYYHOIO
MOXOJ/IKEHHSI  3pa3KiB  BOJHO-TPYHTOBOIO  KOMIUIEKCY Teputopii p. Twuca.
[Ipeacrasneni naHi pociimkeHHs posnonainy 'AH y rpyHTOBUX mpoduisax, TOHHUX
BIIKJIaJIaX MaJMX PIYOK Ta 3aMOBIJHUX TEPUTOPISX 3aKapmaTchKoi 00JacTi
J03BOJISIIOTH BUSIBUTH 3aKOHOMIPHOCTI iX mirpauii Ta akymyssiuii y goskimm [1]. Le,
B CBOIO YEpry, /1a€ MOXJIMBICTh MPOTHO3YBATU iX aKyMYJSLII0 B MallOyTHbOMY Y
00’€KTax HABKOJUIIHHOIO CEPEIOBHUILA Ta PO3POOJIATH 3aX0OAU 1 3aCO0M MiHIMI3aLli
HeraTuBHOTO BIUTMBY ['AH Ha qOBKULIA 1 JIIOAUHY.

OTpumaHni pH 1IbOMY JIaH1 € 1IeHTU(]PIKAIHHUME O3HAKaMH 00’ €KTY JTOCITIIKEHHS
Ta Jal0Th MOXIJIMBICTH IacmopTh3aIii Horo 130TomHOro ckiaxy. I[IpoBeneHHs
pamaiariiHoro kaprorpadyBaHHS TOCTIIKYBAHUX MPHIETIIMX TIPCHKUX TEPUTOPIH Aa€e
3MOTY BUSBIATH 30HU akyMmyJssinii ['AH, BcTaHoBmoBaTH TEHACHINT Mirparii mux
IHTPEJIIEHTIB Yy JOBKULI, & TaKOX MPOrHO3yBaTH MallOyTHIA CTaH TPUPOIHO-
3aMoBiAHUX 00’ €KTIB 1 MPUIIETIIUX TEPUTOPIH 32 HUMHU TOKAZHUKAMHU.

[1] V. Maslyuk, O. Symkanich, N. Svatyuk, O. Parlag, S. Sukharev. Nukleonika. 61,
351 (2016).
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E®EKTUBHI IEPEPI3U ®PATMEHTAILII AJIPA ILJTYTOHIIO-239
ITPHU OITPOMIHEHHI ITPOTOHAMM 660 MeB

A.M.Tanuak™?, 1.1l aiicax’, K.Katoscki?, P.P.I'omom6!?

YVarceopoocwruil nayionanshuil ynieepcumem, Yoiceopoo
2Texnonoziynuii ynisepcumem bprno, Bpno, Yexis
e-mail: xtanchOO@stud.feec.vutbr.cz

[Tpobnema yTumizamii MIyTOHIIO 3 BiAmpalkoBaHoro saepuoro nammea (BAII) €
npo0JIEeMOIO  PO3MOBCIOKEHHST  AJIEPHOI 30p0oi Ta OXOpPOHU HABKOJUIIHHOTO
cepenopuina. Iies 3actocyBanus rmboko miakputnaaux ADS (Accelerator Driven
System) cuctemM KepoOBaHHMX MPHUCKOPIOBAYEM, MOKIHUKAHA MOEAHATH TPAHCMYTAIIO
BSIII 3 reHepyBaHHSM BTOPMHHOTO TajHMBa 3 MPUPOJHBOTO ypaHy abo TOpito, IO
J03BOJIMJIO O KOMIIEHCYBATH BUTpATH Ha 3HHUILEHHA KoMmrmoHeHT BSII 3 Benukum
yacoM HamiBpo3naay. ToMy BUBUEHHS peakuiid (pparMeHTanli IIyToHI0 MPOTOHAMU
IIPEACTABIISAE€ 3HAYHE ITPAKTUYHE 3Ha4YeHHS [1].

Excnepument nposeneHo Ha Pazorponi JlaGopartopii siaepHuX mOpoOiaeM B
O0'eqnaHoMy  1HCTUTYTI  sAepHUX  JAochikeHb (M. JlyOna). OnpomiHeHHs
IUTYTOHIEBOT MiIIeH] BiAOyBajlocss HAa BHUBEACHOMY IYYKY IIPOTOHIB €HEPTIEI0
660 MeB. MimieHb BUTOTOBJIEHA Y BUIVISIII «CEHABIUY» (OJBr IUIYTOHIIO Ta
amoMiHito (Puc. 1).

Swzche lmw Tpu (dosbru ATFOMIHIIO
2 CIIyTYBaJIM MOHITOPOM MaJar04yoro

IMPOTOHHOT'O ITy4dKa, a OJHa

AL e Vo KOJIEKTOPOM HYKIIiJIIB (parMeHTarlii

F—x

PuO, ve smési s AL
221
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|
|
|
|
1
|
1
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|

IUTyTOHIEBOT  MimieHi. B skocTi

3 JOCIITHOT ~ MIIIEHI ~ BHUKOPHUCTAHO

donsry 2%°Pu, po3mip sKOi CTaHOBUB
P21 x1.5 mm 1 Barow 506 wr.

Al Yt V4

( monitory Swmzig

Puc. 1. Konctpykuist 070Ky MillIEHEH. ToBmMHA  KOXHOI  aJIOMIHIEBOI
dboneru ckimamana 58,1 mxm. Ilpu

CTpyMi BuBeAeHOoro myuyka 2,02 MA, IHTETpaJIbHHI TMOTIK TIPOTOHIB CKJIaB
(4,9+0,1)10® . MomniTopyBaHHS HPOTOHHOTO IydKa IPOBOJAMIOCH HA OCHOBI
aKTMBOBaHMX amroMiHieBux Qonsr no peakuii 2’Al(p, 3p+n)?*Na. BumiprosanHs
raMMma CIEKTpiB BUKOHYBasiocsi 3a jnomoMoroio udotupbox HPGe - nerexropis
kommnanii CANBERRA Tta ORTEC 3 edektuBnicTio B Mmexax 19% ta 33%
pO3IUIbHOI 37aTHICTIO B Mexax 1,78 keB Ta 1.86 keB mo minii 1332 keB.
BuwmiptoBanns omnpomiHeHoi (onsru TpuBaso 11 roguH, orpumanHo 36 ramma
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CHEKTPIB MpH PI3HUX YaCOBUX Mepionax BumiptoBaHHsA. [lns 300py maHux 3i
CIIEKTPOMETPIB BHUKOPUCTOBYBaJIOCh MporpamHe 3abesneuenHss MAESTRO v.4.10
¢ipmu EG&G ORTEC.

Jliist 06poOKHU Y-CHEKTPIB BUKOPUCTAHO mporpamue 3abesneuenHs DEIMOS32
[2] Ta HaGip ckpunTiB Ha ocHOBI MoBH mporpamyBanHs Ruby [3]. B pesymbrati
00OpOOKH CIIEKTPiB, OTPUMAHUX BiJ OMPOMIHEHOI MIIEHI TUTYyTOHIIO, BUSBIICHO 228
ramMMma-JIiHii, Mo SKuM, 32 EHEePri€ro Ta IepioIoM HamiBpo3mnay, ineHtudikosano 119
HYKJI/IIB.

InenTudikoBaHi HYKJIIIM MalOTh MAacoOBE YKCIIO B jiana3oHi 7-237. BuzHadyeHo
nepepisu ¢parmenrauii sapa 2>°Pu mix miero npotonis 660 MeB. Jlns mopiBHAHHA
EKCIIEPUMEHTAIbHUX JaHUX 3 TEOPETUYHUMH MPOBOJUTHCS MOJIEITIOBAHHS TPOIIECY
dparmenTariii merogoM Mote-Kapio B pamkax naketry MCNPG6 [4].

[1] A. Fokau, Accelerator-Driven Systems: Source Efficiency and Reactivity
Determination. Stockholm: KTH Royal Institute of Technology,. Licentiate
Thesis (2010).

[2] J. Frana, Journal of Radioanalytical and Nuclear Chemistry 257, 583, (2003)

[3] R. Vespalec, YASNAPP-2 program package for data analysis 1.4. User’s Manual.
(October 4, 2016), (unpublished).

[4] T. Goorley, et al., "Initial MCNP6 Release Overview", Nuclear Technology, 180,
298 (2012).
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YHITAPHICTbD I BUPIIIEHHSA ITPOBJIEMUA

®IHKEJBIITEMHA-KAUAHTI Y JU®PPAKIIITHOMY
HAPOJ/’KEHHI AJIPOHIB

I'.C.TepcimonoB, €.C.MapTtuHoB

Inemumym meopemuunoi @izuxu imeni M.M.Bbozonoboea HAH Ykpainu, Kuis
e-mail: tersimonov@bitp.kiev.ua

Teopis Pemxe n03BoJsiE ONMUCYBaTH MPOIECH PO3CISHHSA B EHEPreTUYHIN
obmacTi, ne Mmetoau nepTypoaTuBHOT KX /[ BUSBISIIOTECS HE3aCTOCOBHUMU. Y MeEKax
1i€i Teopii audpakiiitHl ITpolecH MICTATh OOMIHM MOMepoHOM [1]. Ane y maHoMmy
MIIXO0J1 Y HAWOpOCTIIIOMY HAOIMKEHHI MOMEPOHA 3 I1HTEPCENTOM OUIBIIMM 32
OJIMHUIII0 TOBHMM Tiepepi3 B3aeMOAil aJpoHiB mopyirye rpanuiio Dpyacapa-
Maptena. Lle mae micue i y Hapo/pKeHHI 6araTboX aJIpOHHHUX 3JIUB, PO3/IJICHUX HA
IIKajl panigiTi BEJIMKUMHU MPOMIKKAMU: MEPEPI3U 3pOCTAaOTh IIBHUJIIE 3a TPAHULIO
O®pyacapa-Maprena. [lane mnpotupiuys BimoMe sk mnpobiema DiHKebIITEHHA-
KaitanTi [2].

VY po6oTi MPOMOHYETHCS MiAXIJ O BIIHOBJICHHS YHITAPHOCTI, 3aCHOBAaHUU Ha
MEepEeHOPMYBaHHI TOMEPOHA 1 TPHUIOMEPOHHOI BEPIIMHU Yy TEpPMIHAX PIBHAHD
Haiicona-1lIBinrepa. IlomepoH oOupaeTbcs y Horo MakcumanbHi (opmi, 110
3abe3reuye 3pOCTaHHI Mepepidy y BiAMOBIIHOCTI 3 rpanuiiero dpyacapa-Maprena ta
EKCTIICPUMEHTAIbHUMH JaHUMH. TaKuii MOMEpPOH 3a3BUYail HA3UBAIOTh (hpyacapoHOM.
[IpunyckaeTbcsi, 10 TpU(ppyacapoOHHA BepIIMHA MICTUTh HyJl Yy IUIOIIMHI
KOMILJIEKCHOT'O KyTOBOT'O MOMEHTY MpHU JESKUX 3HAYCHHSX MEPEIaHOrO IMITYJIbCY.
[TokazaHo, 10 MapaMeTpu AAHOI MOJIEI MOKYTh OyTH BUOpaHi Tak, 110 MOPYIIECHHS
YMOBH YHITapHOCTI Y HAPOJ>)KEHHI aJpOHHUX 3JTUB HE BiJI0YyBAETHCSI.

Takum 4uHOM, y PO3TISHYTIH Mozem mpoTtupiuuss Dinkenpinirerina-KaitanTi

HEMA.

[1] P.D.B. Collins, An Introduction to Regge Theory and High Energy Physics
(Cambridge University Press, 1977).

[2] J. Finkelstein, K. Kajantie, Phys. Lett. B 26, 305 (1968); Nuovo Cimento A56,
659 (1968).

131



IE®-2021 IEP-2021
VYxropon, 26-28 tpaeus 2021 Uzhhorod, 26-28 May 2021

BILIUB PATIAIIITHO-MOJIU®IKOBAHUX
HA MIKPOTPOHI M-30 (12,5 MEB) CIIMPTOBUX PO3YUHIB
HA ITPOBIOTHUYHI MIKPOOPI'AHI3MH

C.A.Tumomyxk', B.T.Macmok?, H.B.Boiiko!

VIBH3 « Yarceopoocwkuil nayionanvhutl ynieepcumemy, Yaczopoo
2[ucmumym enexkmpounoi izuxu Hayionanonoi axademii nayk Yxpainu, Yoceopoo
e-mail: svitlana.tymoshchuk@uzhnu.edu.ua

Bimomoro € Bucoka aHTHOaKTepiadbHa i E€TUJIOBOTO CHUPTY 13
KOHIIEHTpaIiieo 75%, 1o T03BOJIIE HOTO BUKOPUCTAHHS K Ae3iHdekTanTa. [Ipore,
MOKJIUBICTh MOTO 3aCTOCYBaHHSA MpPH O0OpOOIl XapuoBUX MPOAYKTIB € OOMEXeHa,
OCKUTBKM JI0 Horo nii 4yTJIMBI HE JHIIE€ YMOBHO-TIATOTE€HHI, a W KOMEHCAJIbHI
MiKpooprai3mu. Lle 3yMOBIIO€ aKTyaJbHICTh IOIIYKY HOBHUX TEXHOJOTIH Ta
cnoco0iB MoAM(QIKalii CIUPTOBUX PO3ZUYMHIB I PO3MIMPEHHS HOro O10J0TIYHOI
aKTUBHOCTI, HANpUKIAJA, Ha cdepy NpoOIOTUYHMX MiKpoopraHizmiB. OmHHM 3
HaOLIBII TEPCICKTUBHUX CEPel HUX € BUKOPUCTaHHS paaialliiHux TexHoorii [1].

MeTtoro 1aHoro JoCiKeHHs 0yJI0 BUBUEHHS BIUIMBY pajllalliiHO-00p00IeHUX
Ha MiKpoTpoHi M-30 BOJHO-CIMPTOBUX PO3YMHIB Ha PICT KYJIBTYp MPOOIOTUYHUX
MIKpoOprani3miB. JloCHi)KeHHsI MPOBOJMUIUCH y JBa eTanmu: 1) BIUIMB BUOpaHUX
PO34YMHIB Ha OakTepii BiJipasy >k MICJsSI ONMPOMIHEHHS; 2) TaKl * JOCTIIKEHHS MICIs
24 roJIvH 3aKIHYEHHS POLIECY ONPOMIHEHHS, TOOTO, BUBUYEHHS iX 4aCOBOI €BOJIOLIII.

B ekcnepuMeHTI BHKOPUCTOBYIOTbCS 5%-BHIl BOJHUN PpO3YMH ETHIIOBOTO
CIUPTY, ONPOMIHEHUN TaJIbMIBHUM Y—BHUIPOMIHIOBAaHHSM Ha MikpoTpoHi M-30 i3
MaKCHMaJIbHOO eHeprieto 12,5 MeB, no3oro B 1 MRad.

bionoriuni  edexkT  yciXx ~ TECTOBAaHUX  PO3YMHIB  OI[HIOBAIM 34
HAsSBHICTIO/BIJICYTHICTIO B HUX aHTHOAKTEpiadbHOI YU CTUMYJIIOIOUOi J1i CTOCOBHO
BUOpaHUX HaMH  TecT-MikpooprasizamiB. OO’e€kTamMu  JOCHKCHHS  Oynu
rpammo3utuBHi croposi Bacillus subtilis (mramm 8130 Ta 090) Ta Hecmoposi
oakrepii Bifidobacterium bifidum i Lactobacillus plantarum 4. CrinsHorO 03HaKOHO
B3SITUX ISl JOCHIPKEHHS MIKPOOPTaHi3MIB € T€, 10 BOHHM CTAHOBISATb OCHOBY
pOOIOTHKIB 1 HAJIGKATh 10 HOPMAJIbHOT MiKpoOioTH [2].

3 1000BOi KyNbTypH BIAMOBIJHUX MIKPOOPTAHI3MIB TOTYBaJIM 3aBUCI
OakTepiajgbHOI CycrleH3ii 3a cTaHAapTOM KajaMyTHOCTI 0,5 OAMHMIB LIUIBHOCTI 3a
Mak®apnangom (1,510 KYQ), sxuii  BCTaHOBIIOBAIM 3a  JOIIOMOIOIO
nencutometpa Den-1. YucTtoTy KyapTypu BU3HA4alu O0aKTEP1OCKOIIYHO 32 METOAOM
['pama 3 BUKOpUCTAHHAM IMEPCIHHOT MIKPOCKOMII 1 CBITJIOBOrO0 MIKpocKorma: Primo
Star 1ILED, Carl Zeiss. KigbkicTh MIKpOOpPraHi3miB, sIKI BCTaHOBJIIOIOTHCS 3a
MOKa3HUKOM KOJIOHIeyTBOprotounx oauHuilb B 1 mun (KYO/min) 3Haxonunu 3a
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JOTIOMOTOI0  TUIAHINETHOTO METOMY MJii BHUTOTOBJICHHSI NIECATUKPATHHUX CEPIMHUX
PO3BENCHb 3 HACTYIHMM iX BHCIBOM Ha BIJIOBIJHI 3a3HAuY€Hl BHUILE CEJICKTUBHI
HOXKUBHI cepeaoBuina [3].

ExcrieppuMeHTH TPOBOIMIUCS METOJIOM 1IN VItro, mociipKyBanacs 4YacoBa
€BOJIIOLIIS] HEOITPOMIHEHHX MIKpOOPTaHi3MIB y Y—OMPOMIHEHUX CIUPTOBUX PO3UMHAX.
Hami nmocmimkenns mokaszanu (t1abmn.l), mo 5%-Buii BOAHWI PO3YHH ETHUIOBOTO
CIIUPTYy, OOpOOJICHHI B pajialifHOMy TOJII TajlbMIBHOT'O Y—BHUIIPOMIHIOBAHHS, Ha
OOHBOX eTamax CTHMYJIIOE PICT HECIOPOBUX MpoOioTHUHMX Oaktepii L. plantarum
A (Bimpasy micas 2-108 KYO/mn ta micist 100U micas-pagialiifHoro «0XoJomKeHHsD
1-10*? KYO/mn) ta B. bifidum (xomnenrpanis ma 1 erami 1-10'2 KYO/mn ta Ha 2
erami 1-101° KYO/mn). MoHa NpUIYCTHTH, IO IOPIBHAHO HHM3bKAa KOHIIEHTPALIis
eTusoBoro cnupty (5%) y BOAl 3HU3WIA KHUCIOTHICTh CEPEAOBUINA, TUM CaMUM
CIPUSIOYU POCTY MOJIOUHOKHUCIINX OaKTEPIi.

[likaBo, mo mns cnopoBux mnpodioTmuHMX Oaktepii B. subtilis 8130
(xonuentpamis Ha 1 erami - 1x10® ta ma 2 erami - 1,5x10°) Ta B. subtilis 090
(xoHnenTpanis - 1x10* KYO/mn ta Ha 2 erami - 1x10° KYO/mn) neii edekr He
MOBTOpUBCS, - S%-BUil BOAHWI PO3UYMH E€TUJIOBOTO CIUPTY HE CTUMYJIOBaB, a
HaBITaKW — 1HT10yBaB PiCT OAIIHIL.

Tabimus 1. KinbkicHui BILIUB S%-ro0 BOAHOI0 pO34MHY €THJI0BOI0 CIIMPTY
(y-BUIpOMiHIOBAHHST)

Konuenrparis,
B oqnHULEX KYO/Mn

Ne Haspa posiiy L. plantarum A B. bifidum B. subtilis 8130 | B. subtilis 090

Eram 1 Eram 2 Eram 1 Etam 2 Eram 1 Etan2 | Eram 1 Eram 2

Heompominenuii 5%-suit

1 | BojHuii posumH 810" | 2.10 | 810 | 3- 10 | 1-10% | 2-10° | 1-10% | 1 -10%
€TUWJIOBOT'O CIIUPTY

Onpominenuit 5%-puii
2 | BomHuil po3uuH 2-10%8 | 1-10% | 1-10” | 1-10% | 1-10% | 1,5-10°| 1-104 11068
€TUJIOBOTO CIIHPTY.

Bcranosiieni 610y10riuH1 €PeKTH CTAaHOBIATH 3HAYHUUN JAOCTIIHUIILKUM 1HTEpEC,
OCKIJIbKHA JIO3BOJISIIOTH CEJIEKTUBHO PETYJIIOBATH YMOBH META0O0JI3My PI3HOTO THITY
MIKpOOPTaHi3MiB 1 BapTI MOAAIBLIOTO X BUBYEHHS.

[1]. N.  Dikiy, A.Dovbnya, E.Skakun, V. Uvarov, https://vant.Kkipt.
kharkov.ua/ARTICLE/ VANT _2001 1/article_2001_1 26.pdf

[2]. T.I. Kopaon, IlpuHIMIIN CTBOPEHHS, MEXaHi3M il Ta KJIiHIYHE 3aCTOCYBaHHS
npo0ioTHKIB AHHAIM MEYHUKOBCHKOTO 1HCTUTYTY 4, 8 (2014).

[3]. O. Symkanych, V. Maslyuk, N. Boyko, S. Tymoshchuk et al, Scientific Bulletin
of Uzhhorod University. Series Chemistry 43, 92 (2020).
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TEYIA KYETTA MI’K IBOMA KOAKCUAJIBHUMU OBJIOHKAMMU

0.0.¥YcaroBa

Inemumym npobnem mawunobyoyeauns im. A.M. Iliocopnoeco HAH Ykpainu, Kuis
e-mail: usatova.olia@gmail.com

Cuctemu piBHSIHB, SIKI OMHUCYIOTh PYX JUCUIIATUBHUX HECTUCIUBUX PIAUH,
0a3yeTbcsi Ha JOCIHIJKEHHI pO3B’sI3Ky BekTopHOro piBHsSHHsA Har’e — Crtokca,
JIOTIOBHEHOT'O PIBHSHHSAM HECTHCIOCTI [1,2]. Ane, sk BXiJHE PIBHSIHHS, JOCIITHUKHA
piAMHM 3a3BUYaii BUKOPHUCTOBYIOTH piBHAHHA Eitnepa, mo ommcye pyx ineaiabHOi
PIIVHY, TOMAI0YH TIPH IBOMY Pi3HI OJAHKH, SKI BPaXOBYIOTh JUCUIATUBHUN €deKT
cyuinpHOro cepenosuia [2]. IIposiBoM pO3BUTKY AUCHIIATUBHOTO €(EKTy € CIypT-
e(eKT — HECTIMKOCTI Teuli B Kalnuigpax Ta BY3bKUX IIUIMHAX, CKIAJAEThCS €(PEKT B
pi3KOMy 30UIBLIEHHI BUTPATH PIAMHU MPU HEBEIMKUX 3MIHAX TIPAJIEHTy THUCKY B
NeBHiM 00Js1acTi mapameTpiB Teuii [3].

[Ipn BuBueHH1 Teuii Kyerra Mik mapajielbHUMHU CTIHKaAMH 3 BpaxyBaHHIM
B’SI3KO-TIPYKHUX XapaKTEPUCTUK CEpPEIOBHILNA, OJHIEIO0 31 CKIAJAHUX MHpoOseM €
BU3HAYCHHS CTPYKTYPH CTaIllOHAPHOTO PO3B’SI3KY MPH JIOCTATHHO BEJIMKIN PI3HUIIL
MBUIKOCTEN CTiHOK. L{g mpoOriema moB’si3aHa 31 CTIMKICTIO PO3TJISIHYTOI Tedii Ta
cnypt-edexrty [4].

Hexait oHa 31 CTIHOK HepyXxoMa, a 1HIIa pyxaerbes 31 mBuakictio U. Piauna
MDK JBOMa CTIHKaMW TpU LbOMY, 3HaXOAUThCA B pyci. BuszHaunmmo po3mnoain
IIBUJKOCTEN piIMHU. PyX Takoi piiuHU ONKUCYETHCS PIBHAHHSIM:

l dp d*V
wds &y ®
3 T'PAHUYHOK YMOBOIO:
Vly-D=V|y-.E=U

(@)

B3saBmu inTerpai Bifg (1) 1 (2) oTpumMaeMo piBHSIHHS IIBUIKOCTI:

- xu_ﬂff_ﬁx(._ x]
ko 2udxh\ h 3)
J171s1 Hy IbOBOTO MEpemnay TUCKA, OTPUMYEMO JIHIMHUNA PO3NOALT IIBUAKOCTEM:

=21
A 4

Teuist 3 TaKUM PO3MOITIOM IMIBUIKOCTEH HA3MBAaIOTh MPOCTOIO Teuieto Kyerra
a0o0 Teuiero yncToro 3cyBy. [Ipu mepemani TUCKY BiOYBAa€ThCsSl HAKIAACHHS MMPOCTOI
teuii Kyerra Ta Teuii B kanani. @opMy KpWBOi PO3MOJAUTY MIBUAKOCTEH MpU Tedil
Kyetta MoxHa BU3HAYUTH O€3pO3MIPHUM TPAIEHTOM THUCKY:

= 2;;; [_ ji;] 5)
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Jnsa  Oynp-sKoi 3ajadi Mpo pyX B’SI3KO1 PIAMHU B 3aJaHUX CTalllOHapHHUX
yMOBax, Ma€ ICHYBaTH TOYHE CTalllOHapHE pIlIEHHS PIBHSAHHSA rigpoauHamiku. Lli
po3B’si3ku (3-5), opManbHO, ICHYIOTh NMpU Oyab-IkuX duciax Perinonbaca. Ipu
CTalllOHapHOMY OOTIKaHHI TBEPJAOTrO Tijia B’SI3KOIO PIIMHOI0, PYX PIAMHU HAa BEJIUKUX
BIJICTaHSX 3a TIJIOM, MOXKe OyTH JOCIIPKEHUM He3alnexHo B ¢hopMu Tija.

Teuis Kyerra - nmamiHapHa Teuis B’S3KOi PIIWHU, IO BUHUKAE MK JIBOMa
napajieTbHUMU CTIHKaMH, SIKI pyXarmThCsS OJHA BIAHOCHO 1HIIOK 3 OJHAKOBOIO
MIBUKICTIO, aje B pi3HUX HampsMkax. OJHaK €KCIEePUMEHTH MOKa3yloTh, 10 TaKa
TeYisl IePEXOUTH 3 JJaMIHAPHOTO B TYpOYJIEHTHUHN pexXuM Mpu yrciax PeitHonbaca B
mexax Big 300 mo 500 [5,6]. OgHuM 3 MOKIMBUX HUIAXIB MOJOJAHHS CYNEPEYHOCTI
MIX TEOPIEIO 1 EeKCIIEPUMEHTOM € po3riisi Teuii KyeTTa Mix qBOMa HUIIHApPAMU MIPH
HAOJIMKEHH] PajilyCiB 10 HECKIHUEHHOCTI ab0 mpu HAOIMKEHHI KPUBUHHU JO HYJIS.
[Ipu oMy, MOKHA JTOBECTH, IIO TaKa 3ajaya MepexoAuTh B IJIOCKY 3amauy KyerTa,
Ta OTPUMATH YMOBH HECTIMKOCTI Teuii [7].

VY 3amayl mpo Teuil0 MK KOaKClalbHUMHU IMIIHJIpPAMHU 1CHYE BIJIMIHHICTh
PEXKHUMIB TeUli: 3 HEPYXOMUM BHYTPIIIHIM IIJIIHIPOM Ta HEPYXOMHM 30BHIMIHIM. [le
3YMOBJICHO PI3HHM XapakTepoM BIALEHTPOBUX CHJI, SKI [1IOTh HAa YacCTUHKU
PEYOBHHM TPH iX pycCl 32 KPYrOBUMHU TPAEKTOPISIMHU.

Telnop NOBIB, 10 ICHY€ KpPUTHYHA IIBUAKICTH OOEpTaHHS LMJIIHIpA, BHUIIE
AKO1 OJHOMIpHA CJIoicTa Teuis NepeOyaOBYEThCSA, 1 B TIONMEPEYHOMY Mepepisi
3’ABIIAE€TbCS CHUCTEMAa MapHUX TOPOIJAJIbHUX BHUXPIB, SKI 00EpTAlOThCA B
MPOTHIICKHUX HampsMkax. [Ipu oMy, B OJANBIIOMY POCTI IIBUAKOCTI OOEPTaHHS
IICJIsl OSIBU BUXPIB BUHUKAIOTh HOBI Oi(ypKaillii, 110 IpU3BOAATH 0 MOSIBU HOBUX
cTpykryp. Lle siBumie Oyno BpaxoBaHO npu AociipkeHH1 Tedii Kyerra mix JBOMa
KOAKCIaJIbHUMU 000JIOHKaMU, KOJIM OJIUH a00 JABa LUJIIHIpa 00epTatOThCA.

[1] T".3. I'epuryrn, E.M. XyxoBuiikuii KoHBEKTHBHAS YCTOWYHMBOCTH HECIKUMAEMOM
xuakoctu. (Mocksa:Hayka, 1972. 392 ¢.)

[2] JLA. Jlanmay, E.M. Jlupmwun Teopernueckas ¢uszuka: B 10 Tr.: T. 6:
I'uapoaunamuka. 5-¢ u3a. (Mocksa: @usmariaut, 2006. 736 ¢.)

[3] G.V. Vinogradov, A.Ya. Malkin, Yu.G. Yanovskii, E.K. Borisenkova, B.V.
Yarlykov, G.V. Berezhnaya, J. Polym. Sci.Part A-2. 10, 1061 (1972).

[4] B.IO. JIsnunesckuii, Tpynsl Marematuueckoro nuctutryta uM. B.A. Crekioga, ,
300, 146 (2018).

[5] A.B. boiiko, I'.P I'pek., A.B. Jlosrams, B.B. Ko3nos (HoBocuOupck: Hayka,
1999).

[6] N. Tillmark, P. Alfredsson J. Fluid Mech. 235, 89 (1992).

[7] Sone Y., Doi T. Proc. 24th Intern. Symp. RGD. New York, Mellville, 258 (2005).
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HPYXHE PO3CIIOBAHHS EJTEKTPOHA
HA MOJIEKYJII AMIHOKHUCJIOTH TPEOHIHY

1.1 Jememt®, O.B.Bacunbes?, €.}0.Pemera?

YInstitute for Nuclear Research (ATOMKI), Debrecen, Hungary
2[ucmumym enexmpounoi gizuxu HAH Yrpainu, Yoczopoo
e-mail: vasyliev.oleksandr.1996@gmail.com

Hapeneno mnopiBHaHHS mudepeHmianbHux nepepisiB (AI1) moTeHiianabHOro
po3citoBaHHs eJeKTpoHa Ha aMiHOKHCTOTI D-tpeonini (CsHgNOs3) po3paxoBanux y
2-x wnaOmmwkenusx, |IAM ta Ad, Mozen He3aJICKHMX aToOMIB (IMB. OIKC Ta
nocwianHsa y [1]). Ammunityam Ta mepepi3d NMPYXKHOTO PO3CIFOBAHHS €JIEKTPOHA
aromamu H, C, N, O, skl ckinagaloTh L0 OIOMOJEKYJTy, 3HAWIEHO Yy METOAl
ONITUYHOTO MOTeHIany, Ha0mmkeHHs SEPA (3 BpaxyBaHHsAM e(EKTIB MOTIHMHAHHS)
3a nporpamoro ELSEPA [2] (Takox nuB. [1]).

V IAM HaOIMKeHHI, sIKE MOBHICTIO BIJIOBIZA€ MOJCII HE3aJICKHHX aTOMIB,
BpPaxoBaHO T.3B. IHTeP(hEPEHIIHHI JOJaHKH, III0 BUHUKAIOTH 3aBMISKU MPOCTOPOBOMY

pO3TalIyBaHHIO aTOMIB MOJIEKYJIM TPEOHIHY (3 MikaroMHUMH Binctansmu [y, 1,j=1-
17). ¥ Ad-nabmmxenni [II1 poscitoBaHHS €JICKTPOHA HAa MOJICKYJI TPEOHIHY
nopiBHroe mpoctiit cymi 11 po3citoBanns Ha ii 17 aromax. MixaromHi BijacTtasi [

moiekynu D-tpeoniny B3sto 3 [3].

Ha puc.1 npencraBneno nopiBasaHHs Il po3citoBaHHS €€eKTpOHA Ha MOJEKYI
D-TpeoHiHy y BKa3aHUX 2-X HaOJMXKEHHSAX A eHeprik 3iTkHensb 20, 40, 60 Ta
100 eB. baunmo, mo npu eneprisx 3itkaeHHs 20, 40 ta 60 eB IAM-/II1 HaiiOinbiIe
BIJIPI3HAIOTHCS (B OCHOBHOMY TepeOibInytoTh) Bia Ad-mepepisiB y 00gacTi Manmx
KyTiB po3citoBaHHd. Tak, npu 20 eB taka BinMinHicTh € 10 70°, nns 40 eB no 40°,
mis 60 eB mo ~25°. Ame, 3i 306impmenHsMm eneprii |AM-II moctymoBo
Binpi3astoThes Binm Ad-II1 y BchoMy iHTEepBami KyTiB po3citoBaHHs. HaiOinbiry
BiaMiHHICTh MK JIII Bkazanux HaOmmkeHb 60auuMo Juis eHeprii 3iTkHeHHs 100 eB.
[Mepesumenns |AM-JIIT wan Ad-JII1 BUAHO TiTBKK Y BY3bKOMY IHTEpBaJli KYTiB
po3citoBanHs Briepea — ~17°. Ilpu Oubmmx KyTax, y aianazoni KyTiB 1o 180° IAM-
JIIT menmri 3a Benmmuunoro Big Ad-JI1. Binemn toro, IAM-/II1 MaioTh TIEBHY KyTOBY
CTpYKTYpy. Bee 11e BaxmBa poiib iHTepdEepeHIlii aMIuTTy ] pO3CIFOBaHHS €JIEKTPOHA
B1Jl PI3HUX aTOMIB MOJIeKyIu D-TpeoHiHy, 10 3HAXOASITHCS HA MEBHUX MIKaTOMHUX
BIJICTaHSIX.
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Puc. 1. Jludepenmianbhi nepepizu Npy>KHOTO PO3CIFOBAHHS €JIEKTPOHA HA MOJICKYJI
D-tpeoniny npu eneprisix 20, 40, 60, 100 eB. Habmxenns |AM (—) ta Ad (-----)
MOJIEJI HE3AIEKHUX aTOMIB.

JlocmimkeHHs: BUKOHAHO 3a 4acTKOBOI (DiHaHCOBOI miaTpuMKu 3 6oky YH®/] (rpant
Ne 2020.01/0009 «BrnuB 10HI3ylOUOTO BHUIPOMIHIOBAHHS Ha CTPYKTYPY MOJIEKYII
aMIHOKHCIIOT»)

[1] OL.IL. demermr, O.B. Bacunses, E.JO. Pemera, Haykosuii Bicauk YxHY. Cep.
dizuka 48, 102 (2020).

[2] F. Salvat, A. Jablonski, C.J. Powell, Comp. Phys. Commun. 165, 157 (2005).
[3] Enextponnuii pecypc [https://doi.org/10.1093/nar/gkq985].
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OJHOKPATHA IOHIBALIA MOJIEKYJIN AMIHOKHUCJIOTH BAJITHY

O.B.Bacunbes?, IILII. ememw?, A.l.bynrakosal, € }O.Pemeral

Ynemumym enexmponnoi izuxu HAH Yipainu, Yoczopoo
?Institute for Nuclear Research (ATOMKI), Debrecen, Hungary
e-mail: vasyliev.oleksandr.1996@gmail.com

Po3paxoBani mepepi3u g TpolLecy OAHOKPATHOI 10HI3alii MOJIEKYJIH
aMIHOKHCIIOTH BaJIIHY €JICKTPOHHUM ymapoM. Po3paxyHKW mepepi3iB MPOBEACHO 3a
AHAITAYHUME BHpa3aMH, 0 BUKOPUCTOBYIOTh Y BIJOMUX HaOIMKeHHsX — Binary-
Encounter-Bethe (BEB), I'pusincekoro (Gryz) [1-4].

Enepreruuni xapakrepucTuku MoJieKyssipHux opoitaneit (MO), eneprii 3B’ 53Ky
Ta cepeAHl KiHETH4YHI eHeprii enekTpoHiB, D-, DL-, L-bopm Monekynu BaiiHy
CsH11NO; (Val, m/z=117) Ta 1i iona Val® 6ynu po3paxoBani y Teopii QyHKIIOHATY
ryctuHu (T®I') 3a mporpamoro GAUSSIAN [5]. V amiabatuyHomy (32 MOBHUMU
eaeprismu  E([M*], E{M]) Ta ™MomexymsipHux opOiTaneil (3a eHepriero 3B’s3KY
Ep"OMO(M)) mabnmxeHHAX LBOro Mmifxoay Oya0 PO3paxoBaHi MOTEHILIANM 1OHi3amii
[((M)=E{M*]-E{[M] i I(M)=-Ep"°MO(M) (muB. Tabm.1).

Tabang 1
Eneprernyni xapakrepuctuku D-, DL- Ta L-bopm Momnekynu BastiHy

D-, DL-1i L- Bamu (Val CsH11NO»)
Enepris D-Val DL-Val L-Val
AmiabaTrnyHe HAOJIMIKEHHS

EJ{Val], a.u. -402.528375 | -402.528370 | 402.528231

E[Val'], au. | -402.184155 | -402.184129 | 402.184310
I(Val), eV 9.367 9.367 9.359

HabnrxeHHs1 MOJIeKyIsIpHUX opOiTaneit
Ex"OMO(Val), a.u. | -0.253093 -0.25311 -0.253300

I(Val), eV 6.887 6.888 6.893
Excnepumenr, eV
8.66 + (.22

3a BEB ta Gryz nabmwkennsmu, 3a 32 MO BkazaHux (opM MOJIEKYI,
pO3paxoBaHO CyMapHi Tepepi3u OJHOKpaTHOI 1oHi3awii (Big moporiB g0 200 eV)
€JIEKTPOHHUM ynaapoM (auB. puc.l). baunmo CXO0Xy MOBEAIHKY Ta BEJIMYUHU
nepepi3iB 10HI3aMil as HaBeneHuX (GopM moiekynu BamiHy. Lle Tomy, mo eHeprii
3B’SI3KY Ta CEpe/IHI KiHeTH4H1 eHeprii exexkTponiB Ha MO mux hopm OIu3bKiI.
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[Ipu wmanux eHeprisix, MOBHUN EKCIIEPUMEHTAIBHUN Tepepi3  10Hi3amii
BHU3HAYAETHCS CaMe IepepizoM OJHOKPATHOI 10Hi3allii MaTepUHCHKUX MOJIEKYII.
HopmyBaHHS BITHOCHHX BCJIIMYMH CKCIICPUMEHTAJIBHUX IIEPEpi3iB Ha TEOPCTHYHI
JlaHl, TPOBEJEHEe, HANpPUKIaA, MPU EHEPrisax OJM3bKUX JO0 IOPOTIB 10HI3aIli, Jae
MO>KJIUBICTh OTPUMATH aOCOJIOTHI 3HAYCHHSI TIEPEPi3iB.
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Puc. 1. EHepreTnuHi 3aJIe>KHOCTI pO3paxOBaHUX CyMapHHUX Iepepi3iB OJHOKPATHOI
ionizarii D-, DL-, L-dpopm monexynu Baniny: BEB-T®I' (—); Gryz-TOTI (- - -).

3a BIANOBIIHUMH (OpMyJIaMHU aHATITUYHOI anmpOKCHMAIlli MOYKHA IPOBECTH
anpoKCHUMAIlll0 IMX a0COMIOTHUX 3HadueHb. OTpUMaHI HapaMeTpu amnpoKcUMarii
MO’KHa BHUKOPHUCTOBYBATH y BHpa3ax Jisi OOUYMCIICHHS MOBHUX IEpepi3iB 10HI3aIlli

IIPU TIPOMIKHUX 1 BHCOKHX €HEPTrisfixX, JUIA OOYMCIICHHS IIBUAKOCTEH 10HI3aIlli IUX
MOJICKYJI CJICKTPOHAMHU.

JlocnikeHHs: BAKOHAHO 33 YacTKOBOI (p1HaHCOBOI miATpUMKH 3 Ooky YH®D/]
(rpant Ne 2020.01/0009 «BniuB 10HI3YIOUOTO BHUIPOMIHIOBAHHA Ha CTPYKTYpPY
MOJIEKYJT aMIHOKHCIIOT))
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HaBeneHo po3paxyHKH mepepisiB IMpoIecy OJHOKPATHOI 10HI3aIlli MOJEKYI
aMIHOKUCIIOT TPEOHIHY Ta THUPO3UHY €JIIEKTPOHHUM yaapoM. Po3paxyHku mnepepisiB
MPOBEICHO 3a AHAIITHYHAMH BHpa3aMH, 110 BHKOPUCTOBYIOTH Y BITOMHUX
HaOmxeHHsx — Binary-Encounter-Bethe (BEB) ta I'pusincekoro (Gryz) [1-4].

Enepreruuni xapakTepucTUKU MoJIeKyJIsipHux opoOitaneir (MO) wmonekyn
tpeoniny C4HgNOs (Thr, m/z=119) Ta Tupo3uny CyoH1:NO; (Tyr, m/z=181) — eneprii
3B’SI3KY Ta CepeiH1 KIHETUYHI €Heprii eeKTPOHIB — OyJiM po3paxoBaHi Y HaOIMKEHHI
Xaptpi-®oka (X®D). 3a enepriero 38’s3ky Ep"OMO(M) MO — I(M)=-E,HOMO(M) —
MPOBEJICHO OIIHKY TMOTEHIIATIB 10HI3alii Mojiekyld. Bouu ctanoBisats (y eV) s
po3paxoBaHux HOPM MOJIEKYII:

Allo-Thr —10.9862, D-Allo-Thr — 11.1125, D-Thr — 10.9458, L-Thr —11.2186;
D-Tyr — 88037, L-Tyr —9.0596, Meta-Tyr — 9.2127.

Hins MO D- ta L-dopm Monekyn, 32 nnsi TpeoHiHy Ta 48 uisi TUPO3UHY, 3a
BkazanuMu BEB T1a Gryz HaOIMKeHHSMH pPO3paxoBaHO NEpepi3d OJHOKPATHOI
ionizamii (Bim moporiB g0 200 eV) enexkTpoHHUM yAapoM Ta OTPUMAHO CyMapHi
nepepizu (auB. puc.l). [lpu manux eHeprisx, OJU3bKUX 1O MOPOrOBUX, MOBHUIA
€KCIIEpMMEHTAJIbHUI Mepepi3 10H13allll BU3HAYAETHCS camMe MepepizoM OJHOKPATHOI
10HI3aIil ~ MaTepUHCHKUX  MOJeKyl.  HopmyBaHHS  BIZIHOCHMX  BEJIMYUH
EKCIIEpUMEHTAJIbHUX TIEpepi3iB HAa TEOPETHYHI JaHi, MPOBEJAEHE IpPH EHEPrisix
ONM3BbKUX 10 TOPOTIB 10HI3AIlli, J]a€ MOXJIUBICTh OTPHMATH I HHUX aOCOIIOTHI
3HAUYCHHSA. 3a BIAMOBITHUMU (QOopMylIaMH aHAIITUYHOI ampoKCHUMaIlli MOKHA
npoBectu anpokcumairiro (fitting) mux adcomoTHUX 3HaYeHb. OTpUMaHi MapameTpu

anmpoKcUMaIlli MOXHa BIIEBHEHO BUKOPUCTOBYBATH Yy BIAMOBIAHMX BHUpa3ax s
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OoOYHCIIEHHS! TIOBHUX MEpepi3iB 10HI3alii MPU MPOMDKHUX 1 BUCOKUX EHEPrisix, AJis

OOYHCIIEHHS MBHUIKOCTEH 10H13a1lii IIUX MOJEKYJ €JIEKTPOHAMH.
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Puc. 1. EHepreTruHi 3aJIe>KHOCTI pO3paxOBaHUX CyMapHHUX Iepepi3iB OJHOKPATHOI
ionizamii D- Ta L-popm mostekyi tpeoniny (Thr) Ta tuposuny (Tyr): BEB-X® (—);
Gryz-Xo (- - -).

JlocikeHHs BUKOHAHO 32 4acTKOBOiI (DiHAHCOBOI MmiATpUMKHU 3 60ky YH®/I (rpant
Ne 2020.01/0009 «BrniuB 10HI3yl0HOTr0 BUIIPOMIHIOBAHHSI Ha CTPYKTYPY MOJIEKYI
aMIHOKHCJIOT))
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BukianeHo METOIUKY JOCHIIIKEHHS Mepepi3iB MPOIECy OJHOKPATHOI 10H13aIi1
010MOJIEKYJI €JIEKTPOHHUM yaapoM. HaBeneHo aHaMITUYHI BUpa3u AJId CyMapHHX, 32
MOJIEKYJIIPHUMH OpOITaISIMH, TEPEpI3iB LBOrO MPOLECY, IO BUKOPHUCTOBYIOTH Y
Bimomux HaOmmwkeHnHsx: BED (Binary-Encounter-Dipole), BEB (Binary-Encounter-
Bethe), dopmyna ['pusincekoro (Gryz) [1-4]. OnucaHo aHaMITHUYHY anpOKCHUMAIIIIO0
IIUX TepepisiB 3a BIAMOBIIHUMHU (popMyrnamu. Po3paxoBaHo MoTeHIan ioHi3aIli Ta
nepepizu 1oHizauii D-popmu Monexkynu aminokuciotu riytaminy (CsHigN2Og,
m/z=146) eJIeKTPOHHUM yAapOM.

XapakTepuCTUKH CTPYKTYpU MOJIEKYJIM TIyTamiHy OylId po3paxoBaHi y
HaOmKeHHIX Teopii ¢yHkuioHany ryctuau (TOI') 1 Xaprpi-Poka (XD). V BEB
HAOJIMKEHH] BUKOPHCTOBYIOTh TaKl €HEPreTHYHI XapaKTEPUCTUKU MOJEKYJISIPHUX
opOiTaneit mosiekynu D-riyraMminy: eHeprii 3B’SI3Ky Ta CEpeHl KIHETHYHI €Heprii
enekTpoHiB. [nst  dopmynu ['pu3iHCBKOro $K E€HEPreTUYHI XapaKTEPUCTHKU
MOJICKYJIIPHUX OpOiTasiel BUKOPUCTOBYIOTh TUIBKH EHEPTrii 3B SI3KY €JIEKTPOHIB.
Bcboro BpaxoBaHo 111 XapakTepUCTUKH [ 32 opOiTanei.

Ha puc. 1 naBegeHo oOuucieni 3a BEB HaOmmxenHsM 1 3a (opMyioro
['pu3iHchKOrO CymapHi mepepi3u OJHOKpaTHOi ioHizamii (Big moporiB go 60 eV)
MOJIEKYJIApHUX opOiTasied D-popmu MosieKynu TiyTamiHy €JIEeKTPOHHUM YyIapoM.
bauumo, mo Gryz-T®IIl nepepi3 MBUIAKO 3pOCTae Ta JOCSTAE MAKCUMyMy TIpH
~40 eV, a Gryz-X® mepepi3 3pocTae 3Ha4HO MOBUIBHIIIE (MakcumMyM mipu ~60 eV) Ta
rioro nosexainka nmoaiona 10 BEB-T®I" i BEB-X® niepepisib.

[Ipn Manux eHeprisix, OJU3bKUX 10 MOPOTOBUX, MOBHUI €KCIIEPUMEHTAIbHUI
nepepi3  10HI3alli BHU3HAYAETHCS MEPEpi30M  OJHOKPATHOI  10HI3alli  came
MaTEpUHCHKUX MOJIeKyl. HopMmyBaHHS BiTHOCHMX BEJIHYWH EKCIIEPHUMEHTaIbHUX
MOBHUX TIEpepi3iB 10HI3aIlli HA TEOPETUYHI JaHi, TPOBEICHEe, HAPUKJIIA, TIPH eHEeprii
8.5eV y Bumanky D-dhopmu Monekynu riyTaMmidy, AacTh MOXJIHMBICTh OTPUMATH
a0COJIOTHI 3HAYCHHS IUX MePEPi3iB.

HaBeneni ¢opmynu naroTh MOMIIMBICTH TPOBECTH ampokcuMaiiro (fitting)
aOCOJIOTHUX BUMIPSHMX 3HA4Y€Hb MOBHUX mepepidiB (auB. [1]). Jns ampoxcumartii
BUKOPUCTOBYIOTH (popmynu y BED- ta BEB-Mozensx 1 y HabmmkeHHi ['pu3iHCcbKOrO.
AmpokcuMalilo TPOBOJATh BUKOPUCTOBYIOUM METOJ] HaWMEHIIUX KBaJparTiB 13
3QJly4eHHSIM E€KCIIEPUMEHTAJIbHO BHUMIPSHUX 3HA4YeHb MOpOriB 1oHizamii. Jlns
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TpunapameTpuyHoi anpokcumanii y BED- 1 BEB-monensix mapametpu MOXyTh OyTH
IOCUTh BenukuMu. [lapameTpu oOTpuMaHi TNpU BUKOPUCTAHHI HAOIMKEHHS
['pu3iHCHKOTO MOXKYTh OYTH MEHII 3a BEJIWYMHOKO 1 MaTH OUIBII Maji MOMHJIKH,
BHACJIIJIOK BUKOPUCTaHHs came 4-x napamerpi. OTpuMaHi TaKuM YUHOM MapaMeTpu
ampokcHUMallli MO)KHa BIIEBHEHO BUKOPHUCTOBYBATH Yy BIAMOBIAHMX (QopMyiax ais
OoOYHCIIEHHS! TIOBHMX Tepepi3iB 10HI3awii MpH MPOMIKHUX 1 BHUCOKHX EHEprisix, a
TaKOX JIJIs1 OOUMCIICHHS IIBUKOCTEH 10H13allli JaHUX MOJIEKYJ €JIeKTPOHAMHU.
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Puc. 1. Po3paxyHku cymapHUX nepepi3iB OAHOKpATHOI 10H13a1ii D-gopmu Monekynu
rnyraminy: BEB-T®I'(—); BEB-X® (- - -); Gryz-T®TI' (--); Gryz-X® (— - — - -).

JlocnixeHHs: BAKOHAHO 3a 4acTKoBOi (iHaHcoBoi miarpumkun YH®]] (rpant Ne
2020.01/0009 «BrniauB 10HI3yIOYOTO BHIIPOMIHIOBAHHS Ha CTPYKTYPY MOJIEKYII
aMIHOKHCJIOT»).
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HA PAJIOTEJIECKOIII YTP-2
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BuBueHHs BiacTMBOCTEH BHCOKO30YIKEHUX PiIOEPrOBCHKUX aTOMIB Yy
KOCMIYHOMY CEpPEJIOBHIII CTAHOBHUTH IHTEPEC K IS acTPOi3UKH, TaK 1 JIJIT aTOMHOL
¢i3uku. KocmiuHe cepeloBHINE MOXKE SBIATH CO00I0 «J1abopaTopioy», B KOTPIH
BUBYATHMETHCS PEUOBMHA TNPH BKpall HU3BKHX a00 BKpail BHCOKHX TeMIIepaTypax,
I'YCTHHAX, TUCKaX, sIKI HEMOXJIMBO BIATBOPUTHU B Ha3eMHUX JlabopaTopisx. HalOiib1
€(EeKTUBHUM 1HCTPYMEHTOM BHBYEHHS BUCOKO30yI)KEHHX aTOMIB y KOCMOCI €
pekoMOiHaIlIiHI paiioiiHli. BoHM yTBOPIOIOTHCS BHACIHIJOK KAaCKaJIHUX TEPEXOJiB
PEKOMOIHOBAHOTO HAa BUCOKHUM KBAaHTOBHI PIBEHb €JIEKTPOHA HA HIKYENIEKaul PiBHI,
[0 TMPU3BOJUTH JI0 BUIIPOMIHIOBaHHS (DOTOHA JJIi KOXKHOTO TAaKOTO IEPEXOIy.
Enepris ¢QoroHa BiANOBIAa€ 4YacTOTI pPEKOMOIHAIIHOI paAdloiiHii, siKa Oyne
cnoctepiratucs. L1 miHIi TOCTIAKYIOTbCSI B LIMPOKOMY J1ala3oHl pagiOXBHIIb — BiJ
MuTiMeTpoBux (HaaBucoki dyactotd, >30I[Tm) nmo nekameTpoBHX (HAIHU3BKI
gactotu, <30 MI'm). JlekameTpoBi pekoMOiHAIIIHI pajioNiHIl BYIJICIIO BIEpIIE
Oynu 3apeecTpoBaHi OiIbIIE COPOKA POKIB TOMY Ha YKPAiHCBKOMY PajiOTeNIeCKOI
YTP-2 [1], 1 3a 1eil yac 3apeKOMEHAYBAIM ceOe YHIKAJIbHUM Ta HaWOUIbII TOYHUM
3aCO000M [IarHOCTUKU (PI3UYHUX YMOB Y XOJOJHOMY, PO3PIIKEHOMY MIXK30PSHOMY
rasi. 3a gonomororo nux JiHii Ha YTP-2 Ta iHmux pamioreneckonax Oyiau BUBYEHI
necsatku HanpsamiB y [amakturi. OCHOBHI CIOCTEPEKYBaHI XapaKTEPUCTUKH
PEKOMOIHAIIMHUX PaiOIiHINA — BIIHOCHA IHTEHCUBHICTH Ta IUPUHA JiHI1, a TAKOXK 1X
3QJIEKHOCT]1 BIJ 4aCTOTH, MOXYTh OyTH BUKOPHUCTaH1 JJi1 BU3HAYEHHS OCHOBHHUX
napaMeTpiB MDK30PSIHOTO CEpEelOBHUIA — EIEKTPOHHOI TeMIepaTypH, €IeKTPOHHOI
I'YCTUHHU, MIpH eMicii [2].

CriocTepekeHHsI HU3bKOYAaCTOTHUX PEKOMOIHAIIMHUX PajioJiHIi BYTJICII0 Ha
YTP-2 B monepeaHi poky MPOBOAMINCH y BITHOCHO BY3bKili cMy31 aHami3y (OJHM3bKO
1 MI') 3a momomoror OaraTokaHadbHUX HHU(PPOBHX KopemomeTrpiB. LI mpuctpoi
JAI0Th BUCOKY YacTOTHY PO3AUIBHY 3[aTHICTh, aje iXHs By3bKa CMyra aHamidy Ta
Majgui  AMHAMIYHUE ~ Alana3oH  OOMEXYIOTh  €(QEeKTUBHICTh  BUKOPUCTAHHS
paioTeIeCKOIa /Il BACOKOUYTIMBUX CIIEKTPOCKOMIYHUX JOCIIIKEHbD.

BuimenaBenena CKIQAHICTh BHPINIYETHCS UIIXOM BHKOPUCTAHHS  TPHU
CIIOCTEPEKEHHSAX HU3BKOYACTOTHUX PEKOMOIHAINIWHUX paaioiiHIA BYIJICHIO Ha
pamioteneckomn YTP-2 cnekrpoananizatopiB DSP-Z [3]. 11 Oaratopo3psiaHi Ta
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3aBaJIOCTIMKI MPUJIAIU MAIOTh LIUPOKY, O€3MepepBHY CMYTY aHali3y, IO MOBHICTIO
nepekpuBae pobouuii miamna3od vactor YTP-2 — Big 8 no 32 MI'n, ta Benukuit
nuHaMiyHuM miana3oH. lllupokocMyroBicTh mnpuiiagy J03BOJISIE TOBHOIO MiIpOIO
peayli3yBaTd Ba)JIHMBY OCOOJIMBICTb PEKOMOIHALIWHUX pPaAlONiHIM, BIACTHBY iM
TITBKM HAa HU3BKHX dacTtoTaXx. CmpaBa B TOMy, IO 31 3MEHIICHHSIM YacTOTH
CIIOCTEPEKEHb 3MEHIIYIOTHCS TAKOXK 1 BIICTaH1 MIXK CYCIIHIMHU JIIHISIMH B CIIEKTpI 3a
4acTOTOI0. BHCOKI KBaHTOBI piBHI B aTOMax MalOTh BKpal HU3BKY PI3HUIIIO SHEPTIH,
TOMY MOXHa PO3IJISAaTH BIAMOBIAHI iM JIIHIT SK €KBIBAJICHTHI Ta yCEPEIHIOBATH iX,
10 BIJATOBiIaTHUME 30UTBIICHHIO €(EeKTUBHOTO 4Yacy HAKOIMMYEHHS Ta, BIAMOBIIHO,
YyTJIMBOCTI BUMIPIOBaHb.

Y nomnoBiai OyayTh MpEACTaBIICHI MEpIl pe3yabTaTH MPOTrpamMHu 3 BHUBUCHHS
BEJIMKOMACIIITAOHOTO PO3MOJILITY 10HI30BAaHOTO BYTJEI0 B [amakTuill 3a JaHUMU
CIIOCTEPEKEHb HU3BKOYACTOTHUX PEKOMOIHAIINHUX pamiomiHid. g anamizy Oynu
BUKOpUCTaHI JlaHi, oTpumaHi Ha YTP-2 B pexumi HemepepBHOro a000BOTO
CKaHyBaHHs HeOecHOi cdepu. Y TakoMy peXHMI aHTEHa paJloTeNIeCcKola,
BCTAHOBJIEHA B 3€HITHOMY IIOJIOKEHHI, JBI4l Ha A00y mnepeTuHae [ anakTudHy
IUIOIIMHY, @ TAKOXK OXOILTIOE BHCOKOIIMPOTHI HampsimMu [ amakTukw, sSKi AOTENep y
HU3BKOYACTOTHUX JIHISAX BYIJICHIO HE JOCHDKyBanuch. OKpiM JTiHIA Bix
["aylakTMYHOI TJIONIMHU Ta MPWIETJIMX J0 Hel NIJISHOK, BIiepiie Oyiu 3apeecTpoBaH1
JiHIT Bl BHCOKOIIMPOTHMX obOjactei [amaktuku. Peectpariis JiHIM Bi TaKuX
oOnacTed, 1€ HEMae >KOJHUX TMOTYKHHX 10HI3YIOUMX KOHTHUHYAJIBHUX JIXKEpE,
TOBOPHUTH TPO TE, IO BOHU C(HOPMYBAIUCh y PO3MOBCIOKEHOMY KOMITOHEHTI
MDK30PSIHOTO  CEpENIOBHUINA, TIIOB’SI3aHOMY, SK BBAXAEThCS, 3 HU3BKOIIUIBHUM
atomapHuM raszoM. lleit ra3 y ["amakTuili, B OCHOBHOMY, MPEACTaBICHUN XMapaMu
HeWTpanbHOrO BOAHIO HI, SIKi MOXYTh MICTUTH BYTJellb, KOTPUH, HA BIAMIHY Bij
BOJHIO, MAa€ MEHUIMI MOTEHIIAJl 10H13alli] Ta JIETIIe 10HI3Ye€ThCA YIbTPadioleTOBUM
BUIPOMIHIOBAaHHSM B1Jl HAHOIMKYUX MOTYKHUX 31p. OTpUMaHi HAMU CHEKTPH JIIHIM
BYIJICLIO MAalOTh BUCOKMW CTYIIHb KOPEJSIii 31 CHEKTpaMu JIiHII HEUTPaJbHOIO
BogHto HI, orpumanmmu B xomi mnpoBenenns orasgy LAB Survey [4]. lle
MIATBEPKYE BIPOTIMHMMA  3B'SI30K  oOnacteid  ¢GopMyBaHHS  HU3bKOYACTOTHUX
pPEKOMOIHAIIMHUX PaAiONiHIA BYIVICHI0 3 XMapaMu HeWtpaidbHoro BoaHio HI B
[amakTuili Ta Mae BeNWKe 3HAYCHHS JUIA TOMAIBIIOTO JOCTIHKEHHS MpoOiieM
30pEyTBOPEHHS, MIXK30PSHOT eHEPreTUKU Ta 1HIIMX MUTaHb (PI3UKH KOCMOCY.

[1] A.A.Konovalenko, L.G.Sodin, Nature, 294, 135 (1981).

[2] A.A.Konovalenko, S.V.Stepkin, EAS Publication Series 15, 271 (2005).

[3] V.V.Zakharenko, A.A.Konovalenko, P.Zarka et al. J. Astron. Instrum., 5,
1641010 (2016).

[4] P.M.W.Kalberla, W.B.Burton, Dap Hartmann et al., Astronomy and Astrophysics,
440, 775 (2005).
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XAPAKTEPUCTHUKHU I HTAPAMETPHU NIEPEHAIIPYKEHOT'O
HAHOCEKYH/IHOI'O PO3PAAY MIK MITHUMHA
EJEKTPOIJAMMU B APT'OHI

M.I.Batpana, A.O.Mamninina, P.B.I'puniak, O.K.IlIIyai6os

JIBH3 «Yarceopoocvruil nayionanvruii ynisepcumemy, ¥Yaucecopoo
e-mail: vatrala2005@gmail.com

JlocnipkeHHsl epeHanpyKeHuX HAaHOCEKYHAHHX PO3PS/IiB B ra3zax MOKa3aiH,
IO Ha iX OCHOBI MOXYTh OyTH pO3pOOJieHI CENEKTUBHI «TOUYKOB1» Yd-mammnu Ha
mapax MeTadiB, a TaK0oXX MOXJIMBO TMPOBOJUTH OCAKEHHS Ha JICICKTPUUYHY
MiAKIaJKy IUTIBKOBHUX HAHOCTPYKTYpP OKCHJIB Mifl, IMHKY 1 3aii3a B yMOBax
IHTCHCUBHOTO  ONMPOMIHCHHS  MIAKIAQIKKM 1 TUNBKK  OakTepuiuaauMm Y O-
BurnipomiHioBaHHsM [1]. JlaHi mpo JOCHITKEHHS YMOB CHHTE3Yy IUIIBKOBHUX
HAaHOCTPYKTYP Ha OCHOBI MEPEXIHUX METANIB 3 MPOJYKTIB JECTPYKIII METalIeBUX
€JIEKTPO/IIB NIEPEHANIPYKEHOTO HAHOCEKYHIHOIO pO3psiAy NMPAaKTUYHO BiACYTHI, TOMY
aKTyaJIbHOIO € 3ajja4ya JOCIIHPKEHHSI YMOB CUHTE3Y 1 OCHOBHUX XapaKTEPUCTUK TaKUX
HAHOCTPYKTYp B I1HEPTHUX Tra3aX, SIKe€ MOXJIMBE 0€3 3acCTOCYyBaHHS KOILUTOBHOI'O
Ja3€pHOT0 Y1 BAKYYMHOT'O 00JIaJHAHHSL.

B paHiii  poOoTi mpuBENEHI Pe3yNbTaTH  JOCHIIKEHHS MPOCTOPOBHUX,
CJICKTPUYHHX 1 ONTHYHUX XapaKTEPUCTHK Ta MapaMeTpiB MJIa3MU MEPEHANPYKEHOTO
HAaHOCEKYHJAHOTO pO3psAAy MIXK €JIEKTPOJIaMHU 3 MiJll B a@pTrOHI CEPEIHBOTO TUCKY.

JlociKeHHST XapaKTEepPUCTUK TEPEHANpPY>KEHOTO HAHOCEKYHIHOTO PO3PSIy
MIPOBOIMIIOCH HA PO3PSTHOMY MOJYJIi, CXeMa SIKOTO HaBe/eHa B [2].

Ha puc.l npezacraBieHi ycepeqHEHI 3a 4acoOM CBITJIMHU NEpEHanpyXKeHOTro
HAHOCEKYHJHOTO po3psimy npu Ttuckax p(Ar)=6,7 i 101 kIla, ogepxaHi 3 4acOBOIO
BUTPUMKOIO =~ 1 ¢ TIpH PI3HUX BIAJAJSAX MK €JIEKTPOJIAMH 1 PI3HUX TUCKaX aproHy.

a 0 B T

Puc.1. CBiT/IMHU IepeHANPYEHOTO HAHOCEKYHIHOTO PO3PSIAY MK MITHUMU
CJIEKTPOJaMHU B aproHi MpH Takux ymoax: a - P(Ar)= 6,7 klla; d=2 mw;
B - d=7 mm (0); p(Ar)= 101 kIla; r - d=2 mm 1 d=7 Mm.

[Tpu cepeaHbOMy THCKY aproHy i d=2 MM po3psa MaB BHIJIAI SICKpaBOl
IICHTPAJIbHOI YaCTHHH JlaMeTPOM OJHM3BbKO 2 MM, PIBHUM MDKEJICKTPOIHIN BiIIami 1
psay OUThI CIabKUX CTPYMEHIB TUIa3MU, IO BIAXOIMIN Bij IIEHTPATbHOI YaCTHUHHU.
[Ipu 301mbIIEHH] Bl MDK €JIEKTPOJaMHu JI0 7 MM HaMOUIbII siCKpaBa YacTHHA
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PO3pAIHOI MIa3MU KOHIIEHTPYBAJach OISl BICTPSI TOJIOK, SIKI MEPEMUKAIUCH TOHKUM
MEHII SCKpaBUM ILJIa3MOBUM KaHayioM. [Ipu 30inbmienHi Tucky aprony go 101 xIla
00’eM IUIa3MHU 1 SCKPaBICTh CBITIHHS 3pOCTajid, MPOTE 3arajbHUN BUIJIAJ CBITIHHS
IUIa3MU B OCHOBHOMY TOBTOpIOBaB Horo Buriisi npu P(Ar)= 6,7 klla.

VY cnekTpax BUIPOMIHIOBaHHS PO3PsAy Ha CyMIIl aproHy 3 IMapamMu Mijl B
Y®-niama3oni goBxkuH XBWIb 214-306 HM crocTepirajiocs BUIIPOMIHIOBAHHS Ha
nmepexojiax aroma 1 OJHO3apsAaHOTO 1oHa Mial. Haibuibin 1HTEHCMBHOIO 10HHOIO
CHeKTpajabHOIO JiHi€r0 Oyna miHig A =224,70um Cull, a 3 aromapuHux -
HaliHTeHCHUBHIMOW Oyna miHiA 3 A = 226,20 am Cu |. HailtintencuBrimumu B Y O-
YaCTHUHI CHEKTPY OyJM pe30HaHCHI criekTpaibHi JiHii 3 A = 324,751 327,39 am Cu |,
y SKUX HUXKHIM €HEPreTUYHHM piBHEM € OCHOBHUU piBeHb. B Y@ cmekTpi Takox
CIIOCTEPITaINCh CMYTH JAPYTOi JMOAATHOI CHUCTEMHU MOJEKYJIH a30Ty. B miama3oni
TOBXHH XBWIb 360-659 HM crmoctepiranoch BUIPOMIHIOBAaHHS TIEPEBAXHO Ha
nepexomax Arl; Arll, a Takox I1HTEHCHMBHA CIEKTpajbHA JIHISA aToMa BOJHIO
(A =656,29 H,), sika 3ymMOBJI€Ha 3QJIMIIKOBUM THUCKOM TOBITpsI B Kamepi Micis ii
BiJIKauyBaHHs ()OPBAKYYMHOIO ITOMIIOIO.

BcranoBneno, mo npu TUcKy aprony 6,7 klla mix enexkrpomamu 3 Mifi, MpU
MDKEJICKTPOJIHUX BIIJAIsAX 2 1 7 MM 3alajatoBaBCs JIOCUTh OJHOPIIHHUM y MPOCTOP1
nepeHanpyXeHU HAaHOCEKYHIHUN O3PS 3 IMITYJIBCHOIO €IEKTPUYHOIO TOTYKHICTIO
10 0.6 MBT, a eHepreTuHU BHECOK B TIa3My 3a OJIUH IMITyJbC gocsraB 30 m/[x.

JlocmimKeHHsT MapaMeTpiB TUTa3MU JIJIT YMOB €KCIIEPUMEHTY BCTAHOBHUJIO, 1110
IIPU MDKEJIEKTPOIHUX MPOMIKKAX 2 MM 1 7 MM CIIOCTEPIraeThCs 3MEHILIEHHS 3HAUCHb
AK TPAHCIIOPTHHUX XapaKTEPUCTHUK, TaK 1 MOTYKHOCTI BTpAaT Ha MPYKHI 1 HEMPYKHI
MIPOLIECH, a TAKOXX KOHCTAHT 30y/IKEHHsI €JIEKTPOHHUX PIBHIB aTOMIB MIJII 1 aprOHY
JUISL MIKEIEKTPOAHOTO NPOMIKKY 7 MM. OKpIM TOTO, BCTAHOBJICHO, 1110 JJII MEHIIIUX
yaciB (60 HC) Big mMoYaTKy NPOOOK MIKEIEKTPOJHOTO MPOMDKKY 3HAYEHHS
napameTpiB T1a3Mu OyJid BUIIMMH T10 BITHOIIEHH!O /10 O61bmux vaciB (150 ue). Taki
3aKOHOMIPHOCTI TIOB’Si3aH1 31 3MIHOIO (PYHKIIIH pO3MOJALTY €JIEKTPOHIB 1 3HAa4Y€Hb
e(eKTUBHUX TMEpe3iB B3a€MO/IIi €JIEKTPOHIB 3 aTOMaMH aproHy 1 MiAl IJisi pO3pALy 3
PI3HUMH MDKENEKTPOJHUMH TPOMDKKAMHU, TpU SKUX JI€ pi3Ha TpUBEACHA
HaIpPY>KEeHICTh ENEKTPUIHOTO MOJISI.

[TapameTpu miasMu B MapOTa3oBUX CyMIIIaX aproHy 1 Mifl MOXYTb OyTH
3aCTOCOBaHI JJi1 YTOYHEHHSI MeXaHi3My 30y/KCHHSI aTOMIB 1 10HIB METaJIiB, & TAKOX
YAOCKOHAJICHHS TEOPETUYHMX MOJIeTIeH Ta po3paxyHKIB IEPETBOPCHHS EHEepTii
30BHINIHBOTO  JDKEpPENa Yy  BUNPOMIHIOBAHHS  Ta30MapOBUX  KOMIIOHEHT Y
MepeHaANPYKEHOMY HaHOCEKYHTHOMY PO3PSIIi.

[1]. A. Shuaibov, A. Minya, A. Malinina, A. Malinin, R. Golomd, I. Shevera,
Z.Gomoki and V. Danilo, Advances in Natural Sciences: Nanoscience and
Nanotechnology 9, 035018 (2018).

[2]. O.K. Ilyai6oB, A.O. Maminina, O.M. Maminin, HoBi ra3opo3psaHi MeTOIH
OJIep>KaHHS CEJIEKTUBHOTO yJIbTPadioiaeTOBOrO 1 BUAMMOTO BUIIPOMIHIOBAHHS Ta
CUHTE3y HAHOCTPYKTYpP OKCHIIB mnepeximaux wmetamB. (BumaBaumnrso YxHY
«I"oBepimay, Yxropon, 2019).
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CIIEKTPAJIBHI XAPAKTEPTUCTHUKHN NEPEHAIIPYKEHOI'O
HAHOCEKYHJTHOI'O PO3PSI/1Y B T'A30-ITAPOBINA CYMIIII
«KHNCEHb-IIMHK)>

M.1.Batpaina, P.B.I'punak, A.O.Maminina, O.0.Kynin, O.K.1llyai6os

JIBH3 «Yarcecopoocvkuil nayionanvruil ynisepcumempy, Yaceopoo
e-mail: vatrala2005@gmail.com

[IpuBeneHo CHEKTpadbHI XapaKTEPUCTUKH OIMOISPHOrO MEpeHanpyKeHOro
O3PSy HAHOCEKYHIHOI TPUBAJIOCTI M1k €JIEKTPOJaMH 3 IIMHKY B KUCHI MPU TUCKY
P =101,3 kIla. ¥V npoueci MiKpoBUOYXiB HEOJTHOPIIHOCTEH HAa POOOYMX MOBEPXHIX
CJIEKTPO/IIB Yy CHJIBHOMY €JIEKTPUUYHOMY TIOJI B PO3PSAHUN MPOMDKOK MIX
€JIEKTPOJIaMU BHOCATHCS Mapu IIUHKY. Lle cTBOproe nmeperyMoBH 1Ji CHHTE3y TOHKHX
OCTPIBKOBHUX IUIIBOK OKCHIY IIMHKY, SIKI MOXYTh OCaJKyBaTHUCh Ha JICJICKTPUYHIN
KA1, BCTAHOBJICHIN MOOJIU3Y LEHTPY PO3PSIHOro MpoMiKKY. KpiM 11poro, mpu
3aCTOCYBaHHI IUHKOBHX €JIEKTPOIB MEPEHANPYKEHUN po3psii aTMOCHEPHOTO TUCKY
BUINIPOMIHIOE TEPEBAXHO y  crHekTpanbHOMYy iHTepBami 200-250 M [1], sxwii
3HAXOAUTBCS HA MEXl TNPOIYCKAaHHS TMOBITPA, 1 MPEACTABISIE IHTEPEC M0
BUKOPUCTAHHS B MEIUIMHI SIK OaKTepUIMAHE JDKEPENIO BUIIPOMIHIOBAHHS.
OpnouacHo 3 Y®- BUIIPOMIHIOBAHHSIM Taka IUIa3Ma BUCTYIAE 1 JHKEPEIOM MOTOKY
HAaHOYACTUHOK OKCHUJY IIUHKY, Kl MalOTh aHTUOAKTEpiaJbHUMH BIACTUBOCTI.

CrexTpalibHI XapaKTepUCTUKU PO3PSAY JOCHIKYBAJIUCh 3 ILEHTPaIbHOI
YAaCTUHU PO3PSIHOTO TMPOMIKKY BeIWYuHOI 2 MM. OnepkaHUNl HaMU CHEKTP
BUIIPOMIHIOBaHHS TJIa3MU MIPEICTABJICHUI Ha puc. 1.

_1-3
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L im1 o

L1 ]]
=
[=]
[=]
[=]
[=]

M M 1
200 300 400
AL HM

Puc. 1. CriekTp BUIIPOMIHIOBAHHS IJIa3MH MEPEHANPYKEHOI0 HAHOCEKYHIHOTO
po3psiay B kucHi (p(O2) = 101,3 kI1a).
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Taoauusa
Haiibinpim ~ IHTEHCHMBHI ~ CHEKTpajibHI  JIHII ~ BUIPOMIHIOBaHHSA  IUIa3MU
NepeHanpyKeHoro HaHOCEKYHJHOTOo po3psiay B KucHi. I[lapametpu po3spsay:
p(O2) =101,3 kI1a; f=40-150T'1;; enekTpu4Ha MOTYXKHICTh po3psanay — 2-4 MBT;
CHEpris B eJIeKTpUIHOMY iMITybei — 50-150 m/Ixk).

Ne | A, HM | Leken. | O0'€KT | Enpun. | Egepx., | TepMuux | TepMagepx
BiITH. eB eB "
ox
1 120620 |7252 |zZnll 0 6.01 | 3d¥4s 3d%p
%Sy 2P0y
2 209.99 | 55.72 Znll 6.11 12.02 3d1°4p 3d'%d
2P0y, ’Dsy,
3 213.85 | 39.54 Zn | 0 5.79 3d104s2 3d104s4p
ISO 2|:)01
4 250.19 | 14.38 Zn | 6.01 10.96 3d104p 3d%5s
2p0y), %Sy
5 255.79 | 22.59 Znll 6.11 10.96 3d104p 3d%5s
2p0s, %Sy
6 258.24 |5.22 Zn | 4.02 8.82 3d104s4p 3d'%s6d
3|301 SD2
7 267.05 |3.33 Zn | 4.00 8.64 3d104s4p 3d1%s7s
3P00 381

Meronvka, TeXHIKAa 1 YMOBH EKCIIEpPUMEHTY TpuBeAeHi B poboti [1].
Hali0inpm1 IHTEHCHBH1 CHEKTpaJibHI JIiHII BUIIPOMIHIOBAHHS pPO3pAy HAaBEACHI B
Tabnuii. Sk BUIIMBAE 3 TaOIMIl, OCHOBHUMU B CIIEKTP1 BUMPOMIHIOBAHHS TUJIa3MHU €
CHEKTpasbHI1 JIIHII aToMa Ta OJIHO3aPSAIHOTO 10HA IIUHKY 3 CIIEKTPAIIBHOIO 1HTEpBATY
200-250 am. BcTanoBieHO OCHOBHI 30Y/DKEHI CKJIAOBI TUTa3MH MapO-Ta30BOi CyMiIlli
Ha OCHOBI IIMHKY 1 KHCHIO TNpH BHUCOKHMX 3HaueHHsX mapamerpa E/N (me E —
HaIPY>KEHICTh eJIeKTpUYHOTo nosist; N - cymapHa KOHUEHTpallisl YaCTOK B IJIa3Mi, SIKi
IpU OCAKEHHI 3a MEKaMU PO3PSAAHOI IUIa3MHU MPU3BOIATH 10 YTBOPEHHS TOHKHX
HAHOCTPYKTYPOBAaHUX IUTIBOK OKCHAY LMHKY). OcalKeHHS IUIIBOK OKCUAY LIMHKY
BIIOYBAa€ThCSA MiJA TOCTIHHOIO 1 aBTOMATHMYHOIO Ji€l0 OakTepuuugHoro Y O-
BUNpPOMiHIOBaHHS mua3Mmu. lle, 3a gmanumu poGotw [2], A€ MpoOBOAMIIACH ITiACBITKA
Y ®O-BUMIPOMIHIOBAHHSIM MIAKIAAKKA 3 IUTIBKOKO BiJl OKpPeMOi PTYTHOI JIamIid,
OPU3BOAUTH JO TMOKPAIIEHHS EJIEKTPUYHUX XapaKTEPUCTHUK OCAKEHOI IJIiBKH,
30KpeMa, 10 3MEHILEHHS 1i OIopY.

[1] O.K. Shuaibov, O.Y. Minya, M.P. Chuchman, A.O. Malinina, O.M. Malinin,
V.V. Danilo, Z.T. Gomoki, UJP, 63, 790 (2018).

[2] A.X. Abnayes, A.IIl. Aceapos, A.K. AxmeroB, P.M. Dmupos, B.B. bensen
[Tucema B XKT®D. 43, Beim.22, 40 (2017).
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PO3PAXYHOK BJIACTUBOCTEM EJTEKTPOHHOI
CTPYKTYPU ATOMIB ®OCPOPY TA CIPKH

O.B.€riazapsu., B.FO.JIa3yp, B.®.I'eneon, C.B.I'eneon., H.FO.Bepesnumpka

JIBH3 «Yorcecopoocvkuil nayionanvHuil ynisepcumemy, Yaceopoo
e-mail: oksana.yehiazarian@uzhnu.edu.ua

Po3BUTOK cydacHOT TEXHIKM EKCIIEpUMEHTY (METOJ MepeXpecHUX IyUKiB,
TeXHiKa 30iriB, 3aCTOCYBaHHS CHHXPOTPOHHOTO BUIPOMIHIOBAHHA Ta 1H.) BLAKPHIIO
HOB1 MOKJIUBOCTI 1 IEPCIIEKTUBH JOCIIKEHHS EIEKTPOH-aTOMHHUX 31TKHEHb. 3HAYHO
PO3LIMPUIIOCS KOJIO JOCHII)KYBAaHMX AaTOMHHUX CHCTEM, IiJIBUILMAJIACS YYTIUBICTD,
TOYHICTh 1 JI€TaJbHICTh BHUMIPIOBaHb 1, SK HACIIJOK, BHUSBHIIOCS MOXKIJIMBUM
OTPUMATHU SIKICHO HOBY 1H(GOpPMAIIIO0 PO BIACTUBOCTI B3a€EMOJIIOYMX YACTHHOK Ta
€JIEMEHTapHUX MPOIIECIB 3 iX y4acTio. [HTEHCUBHI €KCIIEpUMEHTAIbHI JTOCIIKEHHS
€JIEKTPOH-aTOMHUX 3ITKHEHb MPOTSATOM OCTaHHIX JECITHIIITh BKa3ylOTh Ha CHIIbHY
3aJIeKHICTh Pe3yJIbTaTIB BUMIPIOBAaHb BiJl 1HAUBIAYaJIbHUX OCOOJIUBOCTEN CTPYKTYpHU
aToMa-MillleHl 1 MpoAyKTiB peakiii. [Ipy 1mpoMy BUABWIIOCA, IO HAaBITh B J100pe
pO3poOIeHNX 00JacTAX, TaKUX, K PE30HAHCHE Ta TPY)KHE PO3CIAHHA, € Oarato
HEBUpINIEHUX NHUTaHb. J[0 1UX Tip HEMae MOBHOI BIJNOBIAI HAa BEJIbMHU 3aralibHi
MUTaHHA MpPO poOJib 0araTOENEKTPOHHUX KOpEJSAUid, MNOJApU3ALIAHUX SBULL Ta
e(eKTIB 3B 43Ky KaHaJlB 1 pejlakcallli KBaHTOBOi OpOITH 30YyJKEHOTO €JIEKTPOHA Y
MpoIecax PE30HAHCHOTO PO3CISIHHS TOBUIBHMX  €JIGKTPOHIB HA  CKJIQJHUX
0aratoeNeKTpOHHUX aroMax Ta 10Hax. Y Mipy MOAAJIBIIOTO PO3BUTKY Teopii
PO3CISTHHS €JIEKTPOHIB Ha aTOMaX CTaBajo BCE OUIBII OYEBUIHUM, IO MPHMIIOB Yac
JUTsI pO3pOOKM HOBHUX Ta YJAOCKOHAJIEHHS ICHYIOUMX METOJIIB JOCHIPKEHHS MPOIIECIB
e+A-po3CisiHHSI, SIKI 32 CBOEK TOYHICTIO 3a/J0BOJIBHSIOTH BHUMOTaM CY4acHOTO
EKCIIEpUMEHTY 1 HaWOuIbIl €(QEeKTUBHO Ta IIOBHO BPaxOBYIOTh TOHKI JeTal
CTpYKTypu aroMa-mimieHi. KomOiHallisi HOBHX TEOPETHYHHMX IIIJIXO0JMIB, HOBHX
00UYHCITIOBAILHUX METO/IIB, peali3allis [UX METOJIIB Y BUTJISI BIJMOBIIHUX ITaKETIB
MPUKIIAAHUX MPOTPaM — BCE 11€ HAKJIaIa€ BIIOUTOK HA BCIO CYYacHY JISsIIbHICTD Y 11N
oOnacTi. Taka nisNIbHICTh BUSIBUJIACS TUTIHOKO 1 JUISI HAIIO1 JTOCIHIIHULIBKOT TPYIH, B
pe3ynbTari yoro B Hamux npausgx [1-3] Oyno pospobreno BCP-Bepcito R-
MaTPUYHOTO METOY.

VY nmaniii poOOTI NPOBENEHO PO3pPaXYHKH EHEPreTUYHOI CTPYKTYpPH AaTOMIB
dbochopy 1 cipku 3a momnomoror komOiHoBaHOTO MeTony BKX®-BCP [1-5], mro
IPYHTYEThCSI Ha KOHIICMIi «CTHUCHYTOTO aToMa» Ta BUKOPHCTaHHI Oa3MCHHUX
CIUTAHIB 1 HEOPTOTOHAIBHUX OpOITajeil, sKi ONTUMIZYIOThCS B HE3AICIKHHUX
pO3paxyHKax JJis 1HIWBITyaTbHUX TEPMIB.

3a pomomororo mporpamHoro koay bBKX®-BCP [6] B LS-nabmmkenHi Hamu
oOYHMCIIeH] OJHOENEKTPOHHI opOitami Ta eHeprii 3B 53Ky 39 HAWHWKYMX
CHEKTPOCKOMIYHMX CTaHIB aroMa P 3  EIeKTPOHHUMH  KOHQITYypaIlissMu
1522522p%3s23p3(*S°, 2D°, 2P°), 3s%23p?(*P)nl (n=3,4,5,6,1=0, 1, 2), 3s?3p?(*D)nl
(n=4,1=0, 1), 3s?3p?(*P)4s Ta 3s3p*(*P, 2D, 2S). Amanoriudi po3paxyHKH
npoBeneHi 1 ans 38 HAWHIKYMX CTaHIB aToMa S 3 eNEKTPOHHUMHU KOHQITYypatisiMu
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1s22s22p®3s23p* (3P, 1D, 1S), 3s?23p3(“S°)nl  (n=3, 4, 5 6, 1=0, 1, 2),
3s23p°(?DO) nl (n=4,1=0, 1), 3s23p?(?P°)4sTa 3s3p® (*'P°). Jlna KOHTPOIIO
TOYHOCTI MOOYJAOBAaHUX XBWJIHOBUX (PYHKIIM aToMiB ¢Gocdopy Ta CipKkd OOUYHMCICHO
TaKOXX CHJIM OCIHIATOPIB Il HAWBaXKIMBINIUX OJHO- Ta JIBOEIEKTPOHHUX
nepexoiB. JlocsarayTa npu 1mpoMy TOYHICTH cTaHOBUTH ~(0.05-0.2 eB mins HuKHIX
E€HEePreTUYHUX PIBHIB.

[TopiBHSIHHS PO3paxOBaHMX HAMH EHEPTid 3B’SA3Ky Ta CHJ OCHUJISATOPIB 3
HAsSBHUMHU EKCIIEPUMEHTAJbHUMH JaHUMH BKa3y€ Ha BHCOKY €(EKTHUBHICTh Ta
TOYHICTH po3mmpenoi BSR-Bepcii R-marpuunoro merony [1-5]. Po3paxoBani Hamu
eHeprii 3B’A3Ky Ta XBWJIbOBI (PYHKIII OyJyTh BHKOPHUCTOBYBATHCH B IOJAJIBIIOMY
Opu JOCTI/DKEHHI €JIEMEHTapHUX TMPOLECIiB B3a€MOJIi MOBUIBHHUX E€JIEKTPOHIB 3
atomamu P 1 S Ta poToHiB 3 Bi’eMHUMHU ioHamu P~ 1 S

[1] O. Zatsarinny, K. Bartschat, S. Gedeon, V. Gedeon, V. Lazur, Phys. Rev. A. 74,
052708 (2006).

[2] O. Zatsarinny, K. Bartschat, L. Bandurina, S. Gedeon, J. Phys. B. 40, 4023
(2007).

[3] O. Zatsarinny, K. Bartschat, S. Gedeon, V. Gedeon, V. Lazur, E. Nagy, Phys.
Rev. A. 79, 052709 (2009).

[4] V. Gedeon, S. Gedeon, V. Lazur, E. Nagy, O. Zatsarinny, K. Bartschat, Phys.
Rev. A. 85, 022711 (2012).

[5] V. Gedeon, S. Gedeon, V. Lazur, E. Nagy, O. Zatsarinny, K.Bartschat, Phys.Rev.
A. 89, 052713 (2014).

[6] O. Zatsarinny, Comput. Phys. Commun. 174, 273 (2006).
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NEAR-FIELD FUNDAMENTALS AND APPLICATIONS
OF PHOTONIC ANISOTROPIC METASURFACES

O.Yermakov

Department of Computer Physics, V. N. Karazin Kharkiv National University,
Kharkiv
e-mail: oe.yermakov@gmail.com

The light control principles remain almost unchanged during last two centuries.
However, in the modern era of miniaturization, conventional optical devices
including lenses, mirrors, filters, polarizers, become too thick, fundamentally and
functionally limited. It emphasizes the emergence of a new area of resonant photonics
which uses subwavelength and multi-functional structures overcoming the limits of
classical physics to manipulate light.

This research focuses on the study of resonant metasurfaces which are two-
dimensional periodic arrays of the subwavelength scatterers engineered for the
efficient light control. A major part of works devoted to metasurfaces is concentrated
on far-field applications considering metasurfaces as plane wave transformers
(reflectors, refractors, absorbers, polarizers, antennas, etc.). However, in this work we
investigate near-field properties for the efficient light manipulation over a surface that
is of high importance for optical computers, integrated circuits, on-chip devices,
sensors and other planar technologies. Obviously, the latter requires tunable control
over highly localized electromagnetic fields. The strong interaction of light with
matter leads to the formation of a new hybrid state — surface plasmon-polariton which
is a perfect candidate for the carrier of localized field.

In this work, we explore resonant anisotropic metasurfaces representing new
platform allowing one to achieve simultaneous control over surface plasmon-
polaritons propagation regime, routing and polarization. Namely, we study the
localized eigenmode spectrum of the resonant anisotropic metasurfaces through the
developed effective surface conductivity approach [1, 2]. We discover new type of
surface waves at the metasurfaces with hyperbolic dispersion, known today as
‘hyperbolic plasmon-polaritons’ [1]. Hyperbolic plasmon-polaritons exhibit a number
of propagation regimes [3]. Besides, we investigate tunable polarization control of
surface waves localized at anisotropic metasurfaces, namely we engineer the
orientation of the spin angular momentum on demand in the near-field [4], discover
the polarization degree of freedom for localized light [5]. In addition, we conduct the
classification of polarization states for surface waves localized at anisotropic
metasurfaces [6]. The theoretical results of surface waves investigation have been
confirmed experimentally in the optical [1, 3] and microwave [7] frequency ranges.
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Finally, we show the great performance in the controlling the photonic spin Hall
effect with hyperbolic metasurfaces [8, 9] and the light coupling into the optical fiber
empowered by an axial-symmetric metasurface [10].

To conclude, we consider this work as a significant milestone towards the
development of planar photonic and flat-optics devices.

[1] O. Y. Yermakov et al., Phys. Rev B 91, 235423 (2015).

[2] O. Y. Yermakov et al., Sci. Rep. 8, 14135 (2018).

[3] A. Samusev et al., Opt. Express 25, 32631 (2017).

[4] O. Y. Yermakov et al., Phys. Rev B 94, 075446 (2016).

[5] O. Y. Yermakov, A. A. Bogdanov, A. V. Lavrinenko, IEEE J. Sel. Top. Quant.
Electron. 25, 1 (2019).

[6] O. Yermakov, A. Bogdanov, IEEE Ukrainian Microwave Week (UkrMW), 559
(2020).

[7]1 O. Y. Yermakov et al., Phys. Rev B 98, 195404 (2018).

[8] O. Takayama et al., Opt. Lett. 43, 4602 (2018).

[9] M. Mazanov et al., Quant. Rep. 2(4), 489-500 (2020).

[10] O. Yermakov et al., ACS Photonics 7(10), 2834-2841 (2020).
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ITPO PEJATUBICTCBHKI PIBHAHHSA PYXY HEPIHOI'O HOPAAKY JIA
EJEMEHTAPHOI YACTUHKH 31 COIHOM 3/2

L.I.Buiikons, B.M.Cumynuk

Inemumym enekmponnoi ¢isuxu HAH Ykpainu, ¥Yoceopoo
e-mail: ilonanyitray@gmail.com

Anponu 31 cmiHOM 3/2 naBHO BIIOMI B (PI3MII €JIEMEHTAPHUX YACTUHOK,
30KpeMa, icHye mymbTumer A-6apioiB, a6o A-pesonancis (A**, A*, A% A"), mo
CKJIQ[JAl0ThCA 3 TPbOX KBAPKIB TUMY U 1 d. ()™ riepoH CKIAAAE€ThCS 3 TPbOX JTUBHUX
kBapkiB (sss) i mae wac xurrs 107'° ¢, IlpunHimnoBo iHmMA GisMYHUHA OPUKIAL
BUHHMKA€ B CYNEPCHUMETPUYHUX TEOPISIX — L€ TPaBITIHO, L0 € CylNepHapTHEPOM
rpaBiToHa. OJIHaK Ha BIIMIHY BiJ eineponie (6apioHiB 31 criHOM 3/2) cyneprnapTHEPH
HE € eKCTIIEPUMEHTAJIbHO CIOCTepeKyBaHUMU. Tail caMm 1o co0l TpaBiTOH BUKJIUKAE
3HAYHO OLJIbIIIE 3aITUTaHb, aHI)K ICHYFOUUX YITKUX BIITIOBIIEH.

Craixg 0cobIMBO 3ayBa)KUTH, 110 TEOPETUUYHUN OMUC E€JIEMEHTAPHUX YaCTUHOK
chiHy 3/2 B pamMkax Teopii HOJs 10 LMX Mip Ma€ COpPaBy 3 HU3KOK NMPUHIUIIOBUX
mpoOJieM, M0 XapaKTEPHO JJI BCIX IOJIB 3 BHINMMH CIIHAMH, sIKi Ouibmil 3a S=1.
OcHoBHI MPo6JIeMH TOPOIKYIOTHCS TUM, 110, OKPIM KOMITIOHEHT, $IK1 BITHOCATHCS 70
criHy $=3/2, BIANIOBIIHE KBAHTOBE I0JIE MA€ TAKOXK 3aU6] KOMNOHEHMU.

IcHyro4l pENSATUBICTCHKI PIBHSAHHS MEPUIOTrO0 MOPSAKY IS OMNHCY PYyXy
€JIeMEHTapHOI YaCTHHKHU 31 CIIHOM S=3/2 yMOBHO MO’KHa MOJUIMTH Ha JBI TPYIH.
[lepmia rpyna — 11e YaCTUHHUN BUIAJOK BIANOBIAHUX PIGHAHb OJisl 00GLILHO20 CHIHY.
Hpyra rpyna — ue piBHSHHS CHELiadbHO NPU3HAYEHl IJI OMHCY BIACTHUBOCTEU
CJIEMEHTAPHOI YaCTUHKH 31 CIiHOM S=3/2.

Haii6inp1n BioMuMu cepesi piBHSIHB mepiioi rpynu € piBHsHHA baba [1-3] Ta
baprmana—Biruepa [4, 5].

Pipusinaa ba6a Bigome 3 poGorum [1] (mmB. Takox [2]). Ile marpuuno-
nudepeHIliagbHe PIBHIHHS Y YaCTUHHUX MOXIIHUX MEPIIOro MOPSIKY Ma€ 3arajibHy
dbopMy 3amucy I TOBUIBHOTO CIHIiHY, ajieé JUIsl KOKHOTO KOHKPETHOTO 3HAYeHHS
CIIHY OCHOBHI MaTpHIIl MArOTh Pi13HI SIBHI BUTJISAM, SIKI 3aJI€KaTh BiJl PI3HUX SBHUX
BUTJISIAIB TeHepaTopiB anreOpu JIi BianmoBigHOro mpeactaBieHHs rpynu JlopeHria.
KinbKicTh KOMIOHEHT XBHJIbOBOI (PYHKIIIT TaKOXK pi3HA JJIsSl pI3HUX 3HAYEHb CIIHY. Y
po6ori [3] baba po3nucaB YaCTHHHUN BHIAI0K, KOJIK $=3/2, 1 0COOMCTO JOBIB, 1110 Y
bOMY BHMaJKy HOro piBHSHHA cCIiBHaaae 3 piBHAHHAM Papitu—IlIBinrepa, sike
MPOAHAJII30BaHO HUKYE. 30KpeMa, XBHIIbOBA (PYHKIIis Ma€e 16 KOMIIOHEHT.

Pisusinnsa baprmana—Birnepa [4], sk odeBuaHO. Hampukian, 13 [5], €
piBHsHHAM Jlipaka y mpocTopax JOBUIbHUX PO3MIPHOCTEH, y SIKUX BU3HAY€HI TaMma
MaTpu4Hi TpeactaBieHHs anreopu Kimiddopna Ham monemM KOMITJIEKCHUX YHCEI.
Po3mipHicTh Takux mpocTopiB 2s X4, TOOTO miist S=3/2 xBUIb0Ba PyHKITIsA MaTuMe 12
KOMIIOHEHT.

Pipusinna Iayai-®ipua. ABTopu [6] OMUCYIOTH K T0JI€ TOBUTLHOTO CITiHY,
TaK 1 YaCTUHHI BUTAJKH, KOJIM CITIHM MalOTh 3HaUeHHS 3/2 Ta 2. JIns onucy BUMAAKY
I1JI0TO CHiHY BUKOPUCTOBYIOTHCS TEH30PH, a JIJIsl HAMIBIIOTO — CITIHOPH.
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Inmi piBHSIHHA [JIs1 JOBLIBHOTO CHiHY BUKOPUCTOBYIOTHCS pifmie (auB.,
orysin y [7] Ta mocuIaHHS TaM).

PiBusinuss PapiTu—IlIBiHrepa ajsi 4aCTUHKH 3 JOBUJIBHUM HamiBUIJIMM
cniHoM. BBenieHO B po3risii MPUHIIMIIOBO HOBHUM 00’€KT, 110 MA€ YOTHUPU CHIHOPHI
[HOeKcu Ta TOJIaTKOBI 1HJICKCH, SIK1 3aJIaI0Th CUMEMPUYHUL MeH30p TOBIJILHOTO PaHTy
k. Came Takuii 00’€KT BHCTyIa€e SIK XBWIbOBa (yHKI(iS y piBHsHHI [8]. Lle meBHe
MOEHAHHS JIBOX Pi3HUX eyeMeHTIB dopmanizmy [laymi—®@ipra [6] 3 MeTor Horo
cupomennas. Jlns k=0 wmaemo 3Buuwaitne piBHsHHs [lipaka, npu k=1 — 16-
KOMITOHEHTHE PIBHSHHS ISl YACTUHKH 31 CIIIHOM 3/2, K€ Ma€ TIeBHE BiTHOLICHHS JI0
OTHCY BIACTUBOCTEH (pepMioHIB 31 crmiHOM 3/2 JnHIe Micis HaKJIaJaHHS JOaTKOBHX
ymoB. Came Take pIBHSHHS € HAWOUIbII MOIIMPEHUM 1 HA3WBAETHCS PIBHAHHAM
Papimu—Illsineepa ons wacmunxu 3i cninom 3/2 [8]. OkpiM «60pOTHOMY» 13 3aiBUMU
KOMIIOHEHTAaMH  TNPUPOJHO BUHUKAIOTH TpoOJIeMH 3  TpaHchopMalliiHUMH
BJIACTUBOCTSIMU 16-KOMIIOHEHTHOTO ~ 8eKmMOpa-cniHopa,  TPUYUHHICTIO 1
PESATUBICTCHKOIO 1HBAPIAHTHICTIO (UB., Hanpukiau, [9]).

PiBusnna @ick-Taita nias yactuHkm 3i cminom 3/2 — e 24-KOMIOHEHTHE
nipaxono/iioHe piBHsSHHSA [10], A€ XBUIBOBA QYHKIIIS € AHMUCUMEMPULHUM MEH30D-
cninopom tpynu JlopeHna. PiBHSHHS BBEJACHO Yy PO3TIS] 3 METOK IOJOJIAHHS
TpyaHomiB [8, 9], mo Bmajocs JUIIE YacTKOBO 1 JOCHTh YMOBHO. PiBHSHHS
KPUTHUKYIOTH [11] 32 mOBOEHHS APHOCTI 1 HAIBHICTh HETaTUBHOI €HEPTi.

Cooroaenns. IlokpaieHHss nux Mojielied BCe 1€ aKTyaJlbHO (IMB., Harmp.
[12]).

PiBHsiHHA 0e3 3aiiBUX KOMIIOHEHT BBEICHO y po3risn y [13, 14] Ha ocHOBI
CTapTy 3 peramuiCmcbKoi KAHOHIYHOI K8AHMOBOI MeXaHiku. XBUIbOBA (PYHKIIIS
0ybiema YacmuHKa-aHmu4acmutka 31 CHOM S$=3/2 MICTUTH JUIe 8 KOMHOHEHM.
Lle piBHAHHS 1 S=3/2 € YaCTUHHUM BHUMAJKOM BIAMNOBIAHOTO (QopMamnizMmy i
NOBiIbHOTO criny [7]. PiBHssHHS @b Initio Mae MPUHIIMIIOBI TIepeBary y MOPiBHAHHI 3
PO3MISHYTUMHU BHIIE MOJEISAMH 1 MEPCHEKTUBU IIUPOKOTO 3aCTOCYBaHHA y (i3uili
BHUCOKHX €HEPTii Ta saaepHiit di3uill.

[1] H.J. Bhabha, Curr. Sci. 14, 89 (1945).

[2] H.J. Bhabha, Rev. Mod. Phys. 17, 200 (1945).

[3] H.J. Bhabha, Proc. Indian Acad. Sci. A. 34, 335 (1951).

[4] V. Bargman, E.P. Wigner, Proc. Nat Acad. Sci. USA. 34, 211 (1948).

[5] D.L. Pursey, Nucl. Phys. 53, 174 (1964).

[6] M. Fierz, W. Pauli, Proc. R. Soc. Lond. A 173, 211 (1939).

[7] V. Simulik, Relativistic Quantum Mechanics and Field Theory of Arbitrary Spin
(Nova Science, New York, 2020, 343 p.).

[8] W Rarita, J. Schwinger, Phys. Rev. 60, 61 (1941).

[9] K. Johnson, E.C.G. Sudarshan, Ann. Phys. (N.Y.) 13, 126 (1961).

[10] C. Fisk, W Tait, J. Phys. A: Math. Nucl. Gen. 6, 383 (1973).

[11] M.A.K. Khalil, M. Seetharaman, Phys. Rev. D. 18, 3040 (1978).

[12] J. Kristiano, S. Clymton, T. Mart, Phys. Rev. C. 96, 052201(R) (2017).

[13] V.M. Simulik, Ukr. J. Phys, 60, 985 (2015).

[14] V.M. Simulik, J. Phys: Conf. Ser. 670 012047 (2016).
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BIIVIUB JIE®EKTIB HA EJIEKTPO®I3ZUYHI
BJIACTUBOCTI KPUCTAJIIB CulnP2Se

A.Taiicak, JI.I'an, O.MonHap

JIBH3 «Yarceopoocvruii nayionanvruii ynieepcumemy, ¥Yacecopoo
e-mail: andrii.haisak@uzhnu.edu.ua

[Ipu npocnimkeHHi AieneKTpuyHuX BiactuBocte kpuctaniB CulnP;Ss Oyio
BCTAHOBJICHO, IO K TeMreparypa (a3oBoro mepexomy, Tak 1 JEsSKi BIIACTUBOCTI
KpHUCTaJiB, OTpuMaHuX MeTofoM X TP, icToTHO 3MiHIOIOTECS BiJ mapTii Ao maptii. Lle
OYEBUIHO OOYMOBICHO BIIXWUJCHHSIM Bix cTexiomerpii. HaiiGinpim iMOBipHOIO
INPUYMHOIO I[bOTO SIBUIIIA CKOpIIIE 3a BCE MOXKE OyTH BEJIMKA PI3HULS Y HIBUAKOCTI
IpoIiecy MepeHocy Macu Mial Ta iHairo. ToMmy, 3 MeTOO onTHUMI3allii BIaCTUBOCTEH
[MX KPUCTAIIB HAMH JOCIKYBaJIUCS 3pa3KkH, K1 Oynu BupouieHi Mmerogom X TP, sk
3 MIUXTH CTEXIOMETPUYHOTO ckiamy, Tak 1 ckiamy 0.9-CulnP,Seg - 0.1:CupS 3
BIIXWJICHHSAM Bij cTtexiomeTpii y ctopoHy CuzS 1 0.9-CulnP,Se - 0.1:In2S3 B cTopony
IN,S;, mo mnepenbauvae 30aradyeHHs OJIEPKYBAHUX KPHUCTAIIB MIJJIIO 1 1HIIEM,
BIJINMOBIJIHO. 32 (JOPMOIO 1 MAKCUMAJIbHUM 3HAYEHHSM JI1eJIEKTPUYHOI aHOMATIi Mpu
CErHETOENEKTPUYHOMY  (ha30BOMY TMEpexoJl MOXKHA CyJIWTH TMpO  CTYIIHb
JIOCKOHAJIOCTI  JOCHIPKYBaHUX  KpucTainiB. Hamu mnpoBeneHi  AOCIIKEHHS
JEIeKTPUYHUX BIIACTUBOCTEH KpPUCTANIB, OTpUMaHUX MeTojoM bpimxmena B
MOPIBHSHHI 3 KpUcTaliaMu, oTpuManuMu X TP 3 mmxTu BUIlle 3ragyBaHUX CKJIAJIIB.

Pi3kuii cTpubok €' mnpu HarpiBaHHi, OOYMOBJIEHUN (Da30BUM MEPEXOIOM
Mepuioro poAy, B KpuCTaii, skuid OyB oTpumaHuii metogoM XTP 3 mmxtu
CTEXIOMETPUYHOTO CKJIady, crocrepiraerbest npu Temmnepatypi 311.3 K, mo ayxe
05m3pK0 110 BenmuuuHU T¢, B KpucTan BupoieHomy meroaom bpimxmena 312.0 K.
[Tiku €'(T) mpakThuHO 30irar0ThCsi MO Temreparypi B 000X THIIAX KPHUCTAIB.
TemneparypHuit ricrepesuc $pa3zoBoro nepexoay ajis 000x 3paskiB ctaHOBUB ~ 1 K.

B xpucranax, oTpumMaHuX 3 IMMXTU 30aradeHoi cyab(ioM 1HAIII0, (a30BHiA
nepexin 3mimeHuid B obnacte Outein Bucokux Temmeparyp (T. = 319.8K) mo
BIJTHOILIEHHIO /10 KPHUCTaTy, OTPUMAHOIO 3 IIUXTH CTEXIOMETPUYHOTO CKIaay. Y Tou
KE 4ac SIK Yy KPUCTaJIl, BUPOIICHOMY 3 MIMXTH 3 HAJIUIIKOM CYIIb(imy Mili (ha30BHiA
nepexiJi Crocrepiraerbcsi mpu OuUIbIl HHU3BKHX Temmeparypax T. = 305.3 K.
MakcumMyM J1€IEeKTPUYHOI MPOHUKHOCTI B IIbOMY KPHUCTall 3HAYHO BHUIlE 1 dopMma
aHomautii «OUTBII TOCTpay. Y 3pa3Ky, OTPUMAHOMY TIPH BUCOKIN KOHIICHTpAIlii HOCIS
Cul dazoBuii nepexia BiAOyBaeThCS MPAKTHYHO TPH Tiil K€ TeMmmeparypi, mo 1 B
KpUCTaJIaX, BUPOIIECHUX 3 MUXTH, 30araueHoi CuyS. OnHaK, i 3a3HaYUTH, IO MK
€'(T) B upomy 3pas3ky OUIbII PO3MUTHUH.

Jnst 3pas3kiB, OTpUMAaHUX 31 CTEXMOMETPUYHOI MUXTH 1 30arayeHoi CuyS,
3anexHicTh 1/€’(T) B IIMpOKOMY TeMIIEpaTypHOMY IHTEpPBall MIAKOPSETHCS
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NiHiiHOMY 3aKkoHy 3 moctiiiHoro Kropi-Beiica C = 6.6x10° K. Bigxunenns Bix
3akony Kiopi-Beiica mae micue B iHTepBam B Aekiibka K Bume T.. B 3pa3sky,
OTPUMaHOMY 3 IIKUXTH 3 HAJUTUIIKOM Cynb(diny iH1110, mocTtiiiHa Kropi-Beiica ckinamae
C = 4.5x10% K. Ile 3nauenns 6auspke 10 Benuuuan C = 4.7x10° K1, orpumanomy
UL TaHUX KpucTaiB, B poOoTi [1]. Cyasuu 13 CTYNEHIO PO3MUTTS J1E€IECKTPUYHOI
CulnP,Ss, BHpOIIEHOMY 3 pPO3IUIaBY, MOXHa 3pOOWTH BHUCHOBOK, IO Il KPHUCTAIA
MO>KHA TIOPIBHATH 3a SIKICTIO 3 KpUCTajaMHu, OTPUMaHUMH 3 Ta30BO1 (a3u 3 MIMXTU
CTEX10METPUYHOTO CKJIady.

Ha migcraBli Bullle HaBeIEHUX pE3yIbTAaTIB MOXHA SKICHO TMOSICHUTHU
3alIeXKHICTh Temneparypu (a3oBoro nepexoay B kpuctanax CulnP,Sg Bix cTymens ix
crexiomerpiuyHocTi. Tol ¢akt, mo ¢da3oBuld mnepexia BiOyBaeTbCS MPU OUIBII
BUCOKHMX TeMIeparypax 1 aHOMadisl JIeJeKTPUYHOI TMPOHUKHOCTI OuIblia B
KpHUCTaJlaX, OTpUMaHuX 3 HajuiimKkoM Cu,S, CBIAUUTH MPO TE, IO CKOpIlIe 3a BCE, B
KpHUCTajax BUPOLIEHUX 31 CTEXIOMETPUYHOTO CKIIaQy € BakaHcii mial. B kpucranax,
OTPUMAaHMX 3 MIMXTH 3 HAJIUIIKOM InyS3, MaOyTh, CTYNiHb HECTEXIOMETPIYHOCTI 1O
Miai me Ounblne 3poctae. TakuM YHMHOM, MOXKHA BBaXKaTH, IO TMPH HAJTUIIKY
cynb(digy Milli y BUXITHOMY JUIsl pOCTY KPUCTANIIB CUPOBHHI, OJIEPKYBaHI KPUCTAIN
BOJIOJIIOTh OLIBII JOCKOHAJOK CTPYKTYporo. | HaBmaku, 30UIbIIEHHS BMICTY
cynbQiay 1HAII0 B IIMXTI NPU3BOAUTH N0 30LIBIICHHS KOHIIEHTpalli AedeKTiB
KpUCTAJIYHOI PENITKY - a caMme BakaHcii mial. [I{o crocyerbest BUNagKy KpHUCTAIB,
OTPUMaHMUX MPU BUCOKUX KOHIIEHTPAIISIX TPAHCIOPTYIOUOr'O areHTy, TO OYEBUIHO,
TYT CUTYaIlisl Taka ), sIK 1 B BUMIAAKY 3pa3KiB OTPUMAHUX 3 MIUXTH, 30araueroi Cu,S:
3a paxyHOK HQJIMIIKOBOI MiAl, IO MICTUTbCS B TPAHCHOPTHOMY AareHTi,
BiIOYBAa€ThCSl «3aIKOBYBaHHs» BakaHCid wmiml. Po3mutts (dazoBoro mnepexony,
WMOBIPHO, TIOB'SI3aHO 3 BIPOBAKEHHSM MOy B MIXKIIIApOBUiA TpOCTip. B pe3ynbrari
BOTO KPUCTAIH NPUIMAaIOTh OpaH)KeBe 3a0apBIICHHS.

Buxonsun 3 Toro (akty, 110 BUHUKHEHHSI CETHETOENEKTPUYHOI MoIspu3aLii B
CulnP,Sg mepeBa)KHO 3YMOBJICHO PI3HUIICID B 3aceiCHHI 10HAMW Miai JBOX
HEEKBIBAJICHTHUX HELEHTPAJbHUX MO3MI[IH B KpUCTaNiyHId peuntui [2], BakaHCIi
MiJIl MOKYTh PO3IJISIIATUCA SIK M'AK1 Ie(PEKTH 110 MOXKYTh MEPEOPIEHTYBATHCH, 1 SIKI,
K BIJJOMO, 3MIIIYIOTh (ha30BHil mepexiag B 00J1acTh OUIBII BUCOKHX TEMIIEpaTyp.
Takuii AKICHUN BUCHOBOK JI0OpE€ y3TOJIKYETHCSI CUTYALI€l0, SIKA CIIOCTEPIraeThCsl Ha
€KCTIIEPUMEHTI.

[1] A. Simon, J. Ravez, V. Maisonneuve, C. Payen, V.B. Cajipe, Chemistry of
Materials 6, 1575 (1994).

[2] V. Maisonneuve, M. Evain, C. Payen, V.B. Cajipe, P. Molinié, Journal of Alloys
and Compounds 218, 157 (1995).
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JOCJIKEHHS TEPEPI3Y ®OTOSIAEPHOI
PEAKIIII ‘*Te(y,n)'?'Te Y PAMOHI T'II'AHTCHKOT'O E1-PE3OHAHCY

3.M.biran, I1.C.Jlepeukeii, B.M.Mazyp, O.M.Ilon

Inemumym enekmponnoi gisuxu HAH Ykpainu, Yorceopoo
e-mail: root2106@gmail.com

[Timitom 1HTEpecy 0 AOCiKEeHHs (POTosAIepHUX peakilii B 00sacTi eHeprii
ramMma-kBaHTiB 10-20 MeB, 1mo crnoctepiraerbcsi B OCTaHHIM Yac, MOB’SI3aHUN 3
HEOOX1IHICTIO OJIEp)KaHHS JaHUX MPO Tepepizu (POoTOoANePHUX peakiliii, HEOOX1THUX,
HAIPHUKIIAI, U1 aCTPOQI3UIHUX 00UMCIICHb.

Jlo TenepimHboro yacy nepepis peakuii *22Te(y, n)!?Te ne nocmimxysascs. Y
3pasKax IPUPOTHOTO TEXyPy BMICT nerkux izoromis ?Te, 2?Te nyxe nusbkuii: 1°Te
- 0.09%, %2Te - 2,4%, mo poOWTH 30arayeHHs LUX 130TONIB BAXKKOKO i
BHCOKOBAPTICHOIO Mpo0aeMoto. BiICYTHICTh BUCOKO30araueHuX MillI€HEH 3 JIETKUX
130TOMIB TEMypy 1 OyJia Ti€I0 MPUYMHOI, YOMY (DOTOHEHTPOHHI NEepepi3u Ha HUX HE
BUBYAJIMCS paHIIlle HI Y TOYaTKOBUX JOCITIDKEHHAX, MHUB. [1], H1 y MOCIIIyIOUHX.

Y  jpaniii poOOTI MpeACTaBiICHO pe3yibTaTH JOCHIIKEHHS BUXOMIB 1
po3paxyHKy mnepepisy peakuii ??Te(y, n)!?'Te mis obmacti eHepriil riraHTCHKOro
JUTIOIBHOTO PE30HAHCY aKTUBaIllitHUM MeToAoM. [lokazaHo, 1o oAep:kaHuil nepepis
peakiii Mae OJHOropOMMl XapakTep 3 MakCUMyMoM Tnpu eHeprii ~15.3 MeB.
ExcrieprMeHTanbHi pe3ybTaTH TOPIBHIOIOTECS 3 TCOPETUYHUMH PO3paxyHKaMH,
BUKOHAaHUMU 3a JOMOMOrow mporpamHoro makery TALYS-1.9. [lns gochimkeHoi
(Y, N) peakiiii BCTAaHOBJICHO TOMiIHYBaHHS CTATHCTUYHOT'O MEXaHI3MYy.

BumiproBaHHS MPOBOAWIIOCS HA MyYKY TAIbMIBHUX TaMMa-KBAaHTIB MIKpOTpOHa
M-30 B o6macti 10-20 MeB 3 xkpokom AE=0.5MeB. B ekcnepumenrti
BUKOpPUCTOBYBajiacs (oToakTuBailiitHa Meroauka. B pesynprari Oynm ojepkadi
Oe3nocepeIHbO BiJHOIIEHHS TOBHUX BUXOMIB HEUTpoHIB mud izotomy 22Te(Y1) mo
BUXOXLy HEUTpoHiB 1 i30Tomy 3°Te(Y>), sikuii BUKOPHUCTOBYBABCS Ul HOPMYBAHHS
i kani6pysanHs Buxoxy peakuii 22Te(y,n)!?!Te.

HasiBHICTP ~ €KCHEpUMEHTAIbHUX  3aJICKHOCTEM  BIJHOIIECHHS  BUXOIIB
Y1/Y 2= f(Eymax) 103BOMISE TakoXk, BUKOPHCTOBYIOUM nepepis peakuii °Te(y,n)*Te
BUMIpSHUI paHille, po3paxyBary nepepis peakuii 2Te(y,n)?'Te. Takuii pozpaxyHok
MPOBOAMBCS  METOJOM  0OepHeHOi MaTpuilli 3 Kpokom 1 MeB. Ilepepis
aPOKCUMYBABCSI ~ METOJOM  HaWMEHIIMX  KBajapaTiB  KpuBuUMH  JlopeHma:
o(E)= (coET?)/[(E-Eo?)*+ ET?], ne oo, Eo, I'o — mapamerpu. B pesynbrari miaronku
oJIeprKaHi HACTYITHI 3HAYCHHS napameTpis: 60=(274,1+2,1) M0,
Eo=(15.27+0.10) MeB, I'p=(4.76+0,08) MeB.

[1] A.Lepretre, H. Beil, R. Bergere et al. Nucl. Phys., 258, 350 (1976).
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KOMITO3UIIIFHI MATEPIAJIA 3 TIOPOIIIKOBUM METAJTIOBMICHUM
HAITOBHIOBAYEM JUIA 3BAXUCTY BIJl HUBbKOEHEPI'ETHUYHOI'O
BUITPOMIHIOBAHHA

B.IBanos, E.Km1oeB, €.CTenaneHKOB

Inemumym ceomexniunoi mexanixu im. M.C. Ilonaxoea HAH Yxpainu, /{ninpo
e-mail: eduard.igtmnanu@gmail.com

Ha cporomuinmHii qeHb nmpobiieMa MOBOIKCHHS 3 PAAI0AKTUBHUMH BiIX0aMH,
Kl yTBOPIOIOTbCA Ha BCIX CTaisiX SACPHO-TIAJUBHOTO IHKIY, € OJHIEI0 3
HAWBaXIMBIIIUX y TPOMHUCIOBOMY BHUPOOHMIITBI aTOMHOI eHeprii. Taki TeXHOTeHH1
CepelIoBHINAa € PaJl0aKTUBHUMHU, OCKIJIBKA aTOMH B HUX HECTaOUIbHI 1 Yy Mpoleci
TpaHcdopmarlii 'y CTaOUIBHMI CTaH CIHOHTAaHHO BHIIYCKAalOTh  10HI3yHOYE
BUIIPOMIHIOBaHHS, SKE€ MOXE MAaTH TOTCHIIMHO IKIAIUBI Hacmigku. Ilum 1
3yMOBJIEHA BaXJIMBICTh OE3MEYHOTO TMOBODKEHHS 3 BIIXOJaMM IS 3aXUCTY
HABKOJIMITHBOTO CEPEJIOBHINA Ta HEIOMYIIEHHS TOTO, MO0 I mpobiiemMa mocraia B
MaiiOyTHbOMY TIepel HACTYITHUMHM MOKoIiHHIMH [1,2].

Cepen 1JIOro KOMILIEKCY 3aXOJIiB CHCTEMH paaialliiHoi Oe3NeKH OJIHUM 3
TOJIOBHUX € CTBOPEHHS pajialliiHO-3aXUCHUX IMOKPUTTIB 1 KOHCTPYKIINA. Mertoto
pajialiifHOro 3aXHCTy € TMOMEPEIKCHHS COMATHUYHUX 1 3BEACHHSA /10 MIHIMyMy
FEHETUYHUX HACIHIJKIB, 3yMOBJICHUX WIKIJJIMBUM BIUIMBOM 30BHIIIHBOTO 1
BHYTPIIIHBOTO pAJIallIiHOTO ONPOMIHEHHA $AK OKpPEMHX MpaliBHUKIB, TaK 1
HaceJeHHs B IUIOMYy, I 4Yac BHUKOPHUCTAaHHs, 30epiraHHs 1 IepeBe3eHHs
PaJlOAKTUBHUX PEYOBHMH, EKCIUTyaTalli SACPHUX pPEaKTOpPIB, PEHTTE€HIBCHKUX
amapariB Ta 1HIIMX JPKepes pajiaii.

Panime npoBeaeHuMu mociikeHHIMH [3,4] BCTaHOBJICHO, IO JIUCIIEPCHI
CepeloBUIlla 3a TEBHUX YMOB aHOMAJIbHO CHJIBHO TMOCIA0IIOITh MPOHUKAIOTY
3IaTHICTh ~ PEHTIEHIBCBKOTO 1 TamMMa-BUIPOMIHIOBaHHS, IO  OOYMOBIIEHO
CaMOOpPraHi3alli€l0 AUCIEPCHUX YACTUHOK PO3MIPOM BiJl THUCSYHUX JO COTEHb
MIKpOHIB B €HEPreTUYHO B3a€MOIIOB'A3aH1 paaialiifHo-norInHa4l ancamOmi. Ha
MiJCTaBl 3a3HAYEHOI BJIACTHUBOCTI PO3POOJIEHO TMPOIEC Ta BUTOTOBIEHO B
1a00paTOPHUX YMOBAX 3pa3Kd pajialliiHO-3aXMCHUX MaTepiasliB 13 BUKOPUCTAHHSIM
MOPOIIKOBUX METAJOBMICHUX HAIOBHIOBAYiB.

[lopouikoBi  HamoBHIOBadl BBOJATH JIO CKJaay MaTpUlb-MaTepiaiis,
HaINpuKiIaja, MJIACTUYHUX Mac, TyM, KJIeiB, TepMETHKIB, JlakohapOOBUX MaTepiaiis, 3
METOI0 TMIJBUIIEHHS 3aXUCHUX BJIACTUBOCTEH, Moaudikaiii eKcruTyaTaiiiiHux
BJIACTUBOCTEH, a TAaKOX 3HMKEHHS iX BapToCTi [3,4].

Mertoro mnpexactaBiaeHoi poOOTH  OyJi0 BUBYEHHSI  BJIACTUBOCTEM  Ta
0COOJIMBOCTEN MOBEAIHKM HOBHMX paiallifHO-3aXMCHUX MarepialliB JUisl YCYHEHHs
IIKIJIJTABOTO HU3bKOCHEPTETUYHOTO BHUIPOMIHIOBAHHS 32 PaXyHOK BHKOPHUCTAHHSI
MTOPOIIKOBUX  (PIAKO3EMEIbHUX €JEMEHTIB) METaJOBMICHMX HAIlOBHIOBAYiB 3
HACTYITHUM YTBOPEHHSIM MILIHUX (pa30BUX KOHTAKTIB.

B pesynbrari BUKOHaHUX EKCIIEPUMEHTAIBHUX JOCHIKEHb BIACTHBOCTEH
KOMITO3MIIITHMX MaTepiajiB BCTAaHOBJICHO, IO 30UIBIICHHS Mepepidy B3aeMoii
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KOPOTKOXBHJIbOBOTO BHUIIPOMIHIOBAHHS 3 KOMIIO3ULIIMHUM MaTepiajJoM BiI0yBaeThCs
32 PaxXyHOK 3pOCTaHHS KIIBKOCTI YJIBTPAJUCIIEPCHUX YACTMHOK HalOBHIOBaya. 3
BUKOPUCTAHHSAM €JIEKTPOHHOT MIKPOCKOIIi JOCTIIKEHO €(PEKTUBHICTh PyHHYBaHHS
arJioMepariB 3 HACTYITHUM PO3MOJLIOM iX B 00’ €M1 MaTpuili (Tadi. 1).

Tabmuus 1 — BmmB CTpyKTypu KOMIIO3UIIHHOTO Marepialy Ha #oro
pajianiitHO-3aXUCHI BIIACTUBOCTI

CtpyKTypa KOMIO3HLIHHOTO
P3 marepiany y BinOuTHX
enexkrponax (x1 000)

CBuUHIIEBHIT

Herartus 3pa3ka .
€KBIBAJICHT, MM

HamosHioBau
y CTaHi «II0CTABKK 0,50 (+ 0,05)
HanoBHuroBau
y MaTpui 0,70 (+ 0,05)

v )

N \ - L
=22.8mm 20.00kV__ x1.00

TakuM YHMHOM, CIIBPO3MIPHICTh PO3MIPIB YaCTUHOK B YJIbTPAJUCIEPCHUX
CepeloBUINAX 1 JIOBKMHU XBWJII BHUIIPOMIHIOBAaHHS OOyMOBIIOE €(EKTUBHE
PO3CIIOBaHHS, [0 MOXHA TPAKTYBaTH SK MPOSB HOBOTO CHEHH(PIYHOTO MEXaHI3MY
B3a€EMOIIT PEHTI€HIBCHKOTO BUIIPOMIHIOBaHHS 3 YIBTPaAUCIIEPCHUMH
cepenoBumaMu. KyT BiIXWUJICHHS BHIPOMIHIOBAHHS BiJ ITOYaTKOBOTO HAIPSMKY
MOKe OyTH JTOCHUTH TIOMITHUM Yy BHITQJIKy BEJMKOI KOHIIGHTpAIlli yJIbTPaIuCIEPCHIX
JACTUHOK pajiaiiitHo-3aXUCHOTO HAIIOBHIOBAya. [TpoxomxeHHs
HU3bKOEHEPreTUYHOrO  BUIIPOMIHIOBAaHHS  Kpi3b  YJIbTPAAUCIEPCHI  YACTUHKH
MPU3BOIUTE 10 €(HEKTHUBHOTO 301IBIICHHS ONTHYHOI TOBXUHU INLIAXY (DOTOHIB Y
CepeZIoBUIII 1, SIK HACTIAO0K, A0 TOAATKOBOT'O PO3CIIOBaHHS.

[1] B.M. ITumnis, YPX 10, 24 (2002).

[2] O. Tokaperchkuii, C. Konnparees, 3. AnekceeBa, H. Pubanka, SIPb 4, 24 (2015).

[3] U. Acaenok, A. HaBoma Paguanmonnas 6e3omacHOCTb: y4eb. mocodue, MuHCK:
bectnpunt, 105, (2004).

[4] A. Bbynar, B. HWanos, K. TI'omos, B. Tkauenko, E. CremanenkoB, BicHuk
HarmionansHoro texaiunoro yHiBepcuteTy «XI1I» 49 , 6 (2015).
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IIAPAMETPHU I'A30PO3PSIIHOI IIJIASMH HA CYMIILI ITAPIB
JTUAOIUAY, JUBPOMIIY I AUXJIOPUAY PTYTI 3 TEJIEM

A.O.Mauninina, K.b.Monnap

JIBH3 «Yorcecopoocvkuil nayionanvHuil ynisepcumempy, Yaceopoo
e-mail: mkrisz14@gmail.com

["a3opo3psaHa ma3mMa Ha CyMilll TapiB JUAOAUTY, TUOPOMITY 1 TUXJIOPUTY PTYTI
3 razaMu € poOOYrM CEpEeIOBUILEM EKCUIIEKCHUX JIKEepesl KOT€PEHTHOTO 1 CIIOHTaHHOTO
BUIPOMIHIOBAHHSI CTIEKTPAIbBHUX CMYT Ha JIOBKMHAX XBHJIb Y MAKCHMYyMI IHTEHCHBHOCTI
(A) 444 um, 502 uM 1 557 um. [HTEpEC 10 TOCHIPKEHHS TAKUX JKEPeN BUMPOMIHIOBAHHS
BUKIMKAHUMA I1X TIEPCIIEKTUBHICTIO JJIsI CTBOPEHHS EKCHJIAMIIM, IO OJHOYACHO
BUIPOMIHIOE CMYTH B CHIEKTPaJIbHOMY Jiana30Hi HAHOLIBIIOI YyTJIMBOCTI pocinH. MeTa
JOCIIDKEHB ToJisirajia B TOMY, 1100 BU3HAYHUTH TMapaMETpU Ta30po3psaHOi ITUIa3MH Ha
CyMilllax MapiB AUAOAWAY, JUOPOMINY 1 AUJIOPHUILY PTYTI 3 TEI€M, BCTAHOBUTH (PI3UKO-
XIMIYH1 3aKOHOMIPHOCTI B X 3aJIC)KHOCTSX BIJ] IPUBEJCHOT HANIPYKEHOCTI €JIEKTPUYHOTO
MoJsl 1 HAa OCHOBI 1X BHUSIBUTH MOMJIMBICTH TIJIBUIIMTH EHEPIrEeTUYHI IapaMeTpu
BUMpoMiHIOBayiB. [lapamerpu 1uia3Mu BHM3HAUalIuCsl JJsl 3HAYEHb IPUBEICHOL
HAMpYXEHOCTI eJeKTpuyHoro nosis B aianazoHi 1-200 T y cyminn quraioreHiiB pryTi:
HgBr2: Hgl,: HgCl, : He = 0.0024 : 0.0012 : 0.00816 : 0.9951 npu 3arajbHOMY THCKY
cymirni P = 110.7 xITa. J[s X BU3HAYCHHS 3aCTOCOBYBAJIacsl METOAMKA, SIKa OMKMCaHa B
crarri [1].

Ha puc. 1 npuBeaeHo xapakrepHui BUIIIAA (DYHKLINA PO3MOALTY €IEKTPOHIB 3a
EHeprisiMU TIPU 3MiHI MPUBEACHOI HANpy>KeHOCTI enekTpuyHoro nojs (E/N) B mianazoni
1-200 Tna. 301blieHHs i BEIUYUHU TPU3BOIUTH 1O 3POCTAHHS KIIBKOCTI «IITBUIKHX)
€JIEKTPOHIB B po3psal. CepenHsl eHepris €leKTPOHIB po3psiay pi3KO 30UIbLIYETHCS Bij
031 mo 2.3 eB npu migsuiendi E/N Bix 1 no 7.8 Ta. Ilpu nopanbiioMy 3pocTaHHi
MPUBEACHOTO €JEKTPUYHOIO MOJISl IIBUAKICTH 30UTBIIEHHS CEPEIHBOI €HEPrii €IEKTPOHIB

CIIOBUIBHIOETHCH 1 focsarae 3HaueHHd 24.2 eB s E/N =200 Tx.
f, eV (-3/2)

g, eB
25 |
20 |
15 |
101

10°1 1

1073 -

50 100 150 200

5]
10 E/N, Txn

1077 1 \

107
0 100 200 _ 300 400
g, eB
Puc. 1. ®yHKIii po3noauTy eIeKTpoHiB 3a eHeprismu st cyminr: HgBro: Hglo: HgCl, :
He = 0.0024 : 0.0012 : 0.00816 : 0.9951 npu 3aransHOoMy TuCKy cymimn P = 110.7 xIla
a1 3Hadens mapamerpy E/N: 1 (1), 50.8 (2), 100 (3), 150 (46 ), 200 (5) Tx; Ha BcTaBii —
3aJIeXKHICTh CEPEHBOI EHEprii eJIeKTpOoHIB B mapamerpy E/N.
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Po3monin mUTOMUX BTpaT MOTY>KHOCTI pPO3pPSy Ha OCHOBHI MpPOLIECH
IpEeCTaBICHO Ha puC. 2. YacTka MUTOMOI MOTYKHOCTI PO3psy, IO ¥ Ha MpoIecu
JTMCOIIATUBHOTO 30Y/PKEHHSI €KCUIUICKCHUX MOJICKYJ MOHOOPOMITY, MOHOMOIUIY 1
MOHOXJIOPUAY PTYTi 301blIyeThcs 13 3pocTaHHAM E/N. BoHa gocsirae makcumymy
11.4%, 29.5%, 40.7%, 4.9% 1 3.1% npu 3HauenHsx napamerpa E/N piBaux 14.7 Tn,
7.8Tn , 26.1Tn , 15Tn 1 15 To nis eIEeKTPOHHUX CTAHIB MOHOOPOMITY PTYTI
B2X*1 p, X?Z* 10, mubpoMiny pryti (HgBr, (D)) i B%X*1/, — cTany MoHOMOANY PTYTI
Ta MOHOXJIOPHUJLY PTYT1 BIANOBIIHO, @ IPU MOJAIBIIOMY MiABUIICHHI MapameTpa E/N
BOHA 3MCHIITYIOTHCS.

n, %

|

80+

60

40

100 120 140 160 180 200
E/N, Tn

Puc. 2. 3anexHicTh MUTOMUX BTPAaT MOTY>KHOCTI PO3psALy Ha MPOILECH 3ITKHEHb
€JIEKTPOHIB B CyMilll MapiB JUOpOMITY Ta AUHUOIUAY PTYTI 3 Tell€M BiJl TPUBEACHOI
HanpyxkxeHocTi enektpuynoro moyiss (E/N): 1 — mpykHe po3ciroBaHHS €IEKTPOHIB
aToMaMH Temiro, 2 — 30y/DKeHHsSI aTOMIB refito, 3 — 10HI3aIlisd aToMiB Temir, 4 —
KoJIuBaJibHE 30y/pkeHHs MoJiekyln HgBro, 5 — pe3oHaHcHe KoJMBaHHS MOJIEKYJ
HgBr, 6 — mucomiatuBHe 30ymkeHHs X2X*;p, cramis momexyn HgBr, 7 —
nuconiaTueHe 30ymkeHHs B2X'y, cramy wmonekyn HgBr, 8 — auconiatusHe
30y/UKeHHSI €JIEKTPOHHOro cTaHy aubpomimy pryti (HgBr; (D)), 9 — ionizamii
MoJIeKyNl aubpominy ptyti, 10 — mpunumnaHHs €NeKTPOHIB JO MOJIEKYJ AUOPOMITY
pryti, 11 — auconiatuBHe 30ymkeHHs ctany B2X*y, momexyn Hgl, 12 — ionizamiro
MOJIEKYJT TUiHoauay pTyTi, 13 — nucouiatmeHe 30yIKeHHS cTaHy B2X*i, Momekyn
HQCl, 14 — ioni3arito MOJIEKYJI TUXIOPUILY PTYTI.

B pesynLTaTi JOCII/DKEHb Oy  BCTAHOBJICHI 3HAYCHHS TMPHUBEACHOI
Hapr)KeHOCTl CJIEKTPUYHOTO TIOJIsL, JUISL SIKMX MUTOMI BTPATH IOTYKHOCTI O3PSty
MaKCHMalbHi. IX 3aCTOCYyBaHHS B EKCUILIEKCHMX BHIPOMIHIOBAYaX JO3BOJIUTh
30UTBLIMTH NOTYKHICTh BUIIPOMIHIOBaHHS 1 KO€(ILIEHT KOPUCHOT [ii.

[1] A.O. Maninina, O.K. Illyai6og, XKypnuain ¢izununux nocnimkens 24, 1401 (2020).
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MATPUYHUWUA EJJEMEHT INEPEJIAUI KBAHTOBOI IH®OOPMAIII
BIJ{ OJHOI'O IIBOPIBHEBOI'O ATOMA 10 IHIIOI'O

C.M.Ky3pma, B.}O.JIazyp, O.K.Peiitiii, B.B.Py6im

JIBH3 "Yarceopoocvkuil nayionanvruii yuisepcumem”, Yaceopoo
e-mail: kuzma.svitlana@student.uzhnu.edu.ua

OnHOrO 3 OCHOBHUX (I3MYHHX MpoOJIeM, IMOB’S3aHUX 3 peaizaliero imei
KBaHTOBOTO KOMIT IOTepa 1 KBAaHTOBUX OOYMCIICHB, CIIIJ BUIUIUTU MOMIYK (PI3UMYHUX
IpoLeciB, IO BHUKOHYIOTh Jioriudi omnepamii [1]. ¥V pobortax [2,3] Oyno
3alPOIOHOBAHO TMPUHIMI Jii KBAaHTOBOTO KOMIT'IOTE€pa HA OCHOBI EJICKTPUYHHUX
JUTIOBHUX TEPEXOAIB Y CIEKTPl JBOPIBHEBUX aTOMIB, 110 CEJICKTUBHO B3aEMOJIIOTH
3 KOPOTKUMHU IHTCHCUBHUMH ONTHYHUMHU IMITYJIbCAMHU.

CranmapTHOI MOJCIUIIO JUIS OIHKCY IIPOIECIB PE30HAHCHOI Iepeadi
KBaHTOBOI 1H(opMallli Ha AOBUIBHI BIACTaHI CIYyT'ye€ CHCTEMa 3 JIBOX OJHAKOBUX
JBOPIBHEBUX aTOMIB, OJWH 3 SKHUX OIPOMIHIOETHCSA TIOJIEM peadbHUX (POTOHIB.
BuBYeHHS pI3HUX PEXHUMIB JUHAMIKM TaKOi MOJENIbHOI CUCTEMH IpH ii B3aeMOIT 3
MOJIEM peanbHUX (DOTOHIB MOXKE IMOCITYKHUTH OCHOBOIO JJISI CTBOPEHHS €IEMEHTHOI
0a3W KBAaHTOBHX KOMIT I0TepiB. EjerantHe TeopeTWYHE MOBEACHHS MPHUHIIMITIOBOI
MO>KJIMBOCTI Mepeadl KBaHTOBOI 1H(opMalii BiJ OAHOTO ABOPIBHEBOTO aTroMma [0
1HII0TO OYyJI0 AaHO B [2,4].

Pe3onancHa B3aemojisi BUHUKA€E MDK 30yIPKEHUM aTOMOM 1 aToOMOM, IO
3HaXOJIUTHhCS B OCHOBHOMY CTaHI, SKIIO €HEPTis Mepexoay y 30y KeHH cTaH B 000X
atomax opaHakoBa. IlomiOHa cuTyarlis 3aBXJAW Ma€ MICIIE IPU B3aEMOJII JBOX
OJIHAKOBHUX JIBOPIBHEBUX aTOMIB.

CraHgapTHe KBAaHTOBO-MEXaHIYHE OOYHCIICHHS €HepTii pe30HaHCHOI B3ae€MO il
JIBOX TOTOXKHUX aToMiB (uB. [4]) cTae, ogHAK, HEMPUIATHUM Ha JOCTATHHO BEIIUKHUX,
MOPIBHSIHO 3 XapaKTepHUMH JIOBXKUHAMH XBHJIb A, Yy CIEKTpax B3a€EMOJII0UUX

aTOMIB, MDKaTOMHHX BifcTaHsax R.

[TocnimoBHAa TeoOpiss PE30HAHCHOT B3a€EMOII aTOMIB, IO 3HAXOMSITHCA Ha
JTOBUTBHUX BIJCTAHSIX OJIMH BiJI OJIHOTO, TIOPSJ 3 MHUTTEBOI KYJIOHIBCHKOIO
B3a€EMOJII€I0 TOBMHHA BpPAaxXOBYBaTH TAaKOX 1 3ali3HIOIOYY B3a€EMOJIII0 aTOMIB,
3QJICKHY BIJ IMIBUAKOCTI CBITIa C. Takwil 3araJbHUi po3riisa OyJIo MPOBEICHO B
pobotax [5-9]. [loGynoBaHuii B HUX y3arajlbHEHUN OTIEPATOP €NEKTPUYHOI JTUTIONb-
JTUIIOIBHOT B3a€MOJIi JIBOX HEUTpPAbHUX aTOMIB, IO 3HAXOIATHCS Ha JOBUIbHIMN
BiJICTaH1 OJMH Bl OJHOI'0, Ma€ BUTJISL;

: 1 rbyr ! br rbyrr
V(i):exp(éa)oRj d1d2—3(an1Xanz)i e d1p2—3(an1Xan2)_

””” R’ 2mce R
r! rryr ! rr rryrr
_ pd, —3(ng pl)(anZ) _ e’ PP, — (NP Jng pz)} (1)
R? m?c? R ’
ne e=—|e| i m — maca i 3apsa eNeKTpoHa, rIIR = II?/ R — oauHWYHUN BEKTOp Y

HanpsMKy Mix siieproi oci R, @, = (E, — E,)/h — pe3onancHa yactora nepexomny y
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. . . r . r
CHEeKTpi JBOpiBHEBUX aTomiB, d, =€l 1 d,=€er,— omnepaTopu eJIeKTPUUYHUX
. . .1 . . 1
JUIOJIBHUX MOMEHTIB OKPEMHUX aTOMIB, I} 1 I,— paalyc-BeKTOpPH BIIHOCHO sijiep, a P,
. . . . . .
1 p,— OmepaTropu IMITyJIbCIB 1-TO Ta 2-r0 aTOMHUX €JIEKTPOHIB BIAMIOBIIHO.

Mu posriasgaeMo CHUCTEMY JBOX TOTOXKHUX AaTOMIB, IO 3HAXOJATHCS Ha
TOBUTHHIN BifcTaHl R oaWH Bim OMHOTO. Y KOKHOMY aTOMi HAC IIKABUTHME JTUIIIC
nepexii MK OJHIEI0 1 TIE X Maporo piBHIB. HasBHOCTI B aTOMHOi KBaHTOBOI
CHUCTEMH JBOX BHUJIJICHUX BHYTPIIIHIX Oa3UCHUX CTaHIB Ta MPUHIUIY CYMEPIO3UIT
IIJIKOM JOCTAaTHRO Jisg 30epiraHHs OAHOTro 0iTa KBaHTOBOi iH(opmamii — KyOiTa.

Jlyisg cucteMu ABOX B3a€EMOIIIOYUX JABOPIBHEBHUX aTOMIB omeparop ['aminpToHa

H mosxe OyTu 300pakeHui y BUTJISIII CYMU FaMUJIBTOHIaHIB HEB3a€MO/IIFOUMX aTOMIB
H, 1 omeparopa iX eJeKTpUYHOI AUITOJIb-AUIIONBHOT B3aeMoii (1):

1o @ g (YL Hlo(F (£)

H=H,+V, =H/()+H,(,)+V, . (2)

AT
TakuMm 4MHOM, B paMKax JAHOTO MIAXOIY AOCHIKEHO BIUIMB 3ali3HIOI0YOI
JUTOJIb-TUIIOJIBHOI B3a€MOJIIi aTOMIB Ha (POpMyBaHHA 1 po3Majl KBa3iCTallOHAPHUX

KOJIEKTUBHUX (cumerpuuHoro ¥, 1 antucuMerpuyHoro ‘¥,) craHiB KBaHTOBOI

CUCTEMH, 1110 CKJIAJJAEThCA 3 ABOX HEPYXOMMX OJHAKOBUX JBOpIBHEBUX aTtoMmiB. llpu
OOYHCIICHH] paJlalbHUX MATPUYHUM €JIEMEHTIB JUIOJb-AUIOJIBHOI B3aEMOIT
BUKOPHCTAaHO XBHJILOBI (yHKIIi MopenbHOro morteHmiany ®drproca [10]. Orpumano
3aMKHYTI aHAJIITUYHI BUPa3u JJIs 3CYBIB 1 IIMPHUH PO3IJIIHYTUX KOJEKTUBHUX CTaHIB
Y, | VY, 3 ypaxyBaHHJIM 3aIi3HIOIOYOi IWUTOIb-AMIIONBHOI B3a€MOIl aTOMIB.

[IpoBeneHO TeOpeTHUUHMI aHaNI3 3MIMICHHS 1 PO3IICIJICHHS KOJIEKTUBHUX DIBHIB
€HEeprii JaHoi CHUCTEMH, BHUKIMKAHMX MIDKATOMHOIO B3aemojicro. BupdeHo
ACUMIITOTHYHI PO3KIAAN MIMCHUX 1 YABHUX 3HAYE€Hb EHEPrii KBa3zicTalllOHApPHHUX
oemniBcbkux craniB W 1 W, B rpaHuMIl BeIMKUX 1 MAJIMX MiXKaTOMHHX BiJICTaHEH.

[IpoBeneHe HamMu JOCHIIKEHHS MEXaHI3MIB PE30HAHCHOI Tepeaadi eHeprii
30y/KEHHSI Ha JIOBUIbHI BIJICTaHI BiJl OJJHOTO JBOPIBHEBOTO aToMa O IHIIOIO Mae
BXKJIMBE MPAKTUYHE 3HAYCHHS i Pi3uuHO1 peanizalii Joriynoro oneparopa CNOT

3].

[1] K.A. Valiev, Phys. Usp. 48, 1 (2005).

[2] O.H. T'anomckwuii, K.K. Antynun, Quantum Optics, 4061, 0277 (2000).

[3] O.N. Gadomsky, Yu.Yu.Voronov, J. Exp. Theor. Phys. 94, 882 (2002).

[4] A.S. Davydov, Quantum Mechanics, 2nd Ed. (Pergamon Press, Oxford, 1976).

[5] V.Yu. Lazur, S.I. Migalina, A.K. Reitii, Theor. and Math. Phys. 158, 333 (2009).

[6] V.Yu. Lazur, S.I. Myhalyna, O.K. Reity, Phys. Rev. A. 81, 062707 (2010).

[7] V.Yu. Lazur, O.K. Reity, O.F. Pavlyk, J. Phys. A. 43, 175208 (2010).

[8] V.Yu. Lazur, O.F. Pavlyk, O.K. Reity, Theor. and Math. Phys. 165, 1293 (2010)

[9] V.Yu. Lazur, S.I. Myhalyna, O.K. Reity, Int. J. of Mod. Phys. A. 25, 4775 (2010).

[10] V.Yu. Lazur, S.I. Myhalyna, O.K. Reity, V.V. Rubish, M.l. Karbovanets,
Scientific Herald of Uzhhorod University. Series Physics 45, 73 (2019).
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BIIVIMB BIBEPYHKY 3AITIOBHEHHSA BHYTPIIHIHBOI'O OB’EMY
IIJIACTUKOBOI'O bPYCKA HA ITOKA3ZHUKHU MEZ’KI MIITHOCTI

A S Muxanko®, O.0.'omoHHai#?

WMana Axaoemia Hayx, Yoceopoo
2JTIBH3 « Yarceopoocwkuil nayionanbhutl yHieepcumemy, Yac2opoo
e-mail: yaroslav.myhalko@uzhnu.edu.ua

OcTaHHIM YacoM aJUTUBHI TEXHOJOTIi BCE MIUPIIE BIPOBAIKYIOTHCA Y
BUPOOHHUIITBO, aJK€ BOHM MAIOTh psJi 3HAYHUX ITIepeBar mepel TpaaulliiHuMU
cnocobamu. Tak, 3D-Ipyk aKTMBHO BHUKOPUCTOBYETHCS IUIsl OTPUMAHHS JAeTalen
BiicCbKOBUX 1 macaxupchkux JiTakiB (F/A-18 Hornet, Airbus A350), xopmycis
BITPWIIBHHUX SXT 1 YOBHIB, yacTUH aBTOMOOLTIB (Mercedes-Benz, BMW, Audi AG,
Lamborghini, Kingston University, Bentley Motors) Ta in. [0]. 3rigao kmacudikarii
ISO/ASTM 52900:2015 Texnoorii 3D-ApyKy MOAUIAIOTE Ha CIM TPYI 3aJI€KHO Bij
¢bynkuii Ta crnocoby otrpuManHsa KiHneBoro 060’ekty [0]. IcHye Takox mmpoke
PO3MAITTs MaTepiaiiB st anuTUBHOTO BUpOOHUITBA [0]. 3a0OBHEHHS BHYTPIIIIHHOTO
00’eMy BHpPOOY KOMIPLEBUMHU CTPYKTypaMu J03BOJIE CYTTEBO 3MEHIIUTH KIHIEBY
Bary OJIHaK, I1€ CYNPOBOJIKYETHCA 3HUKEHHSIM MIIHOCTI JeTaini. Ha choronHimmHini
J€Hb JUI1 BUpPILIEHHS i€l NpoOJeMH MPONOHYEThCS TMOTOBIIYBAaTH CTIHKU
BHYTPIIIHIX KOMIPOK B MICLSIX Ali HAaHOUIbIIMX HaBaHTaxeHb. Hapasi, icHye maio
myOJiKaIiii IpUCBIYCHUX BIUIMBY BJIACHE T€OMETPUYHOI (POPMU KOMIPOK Ha MIIHICTh
3paskis [0, 0, 0].

MeTtoto po6oTu OyJi0 BUBYEHHS BIUIMBY BI3€PYHKY 3alIOBHEHHSI BHYTPIIIIHBOTO
00’eMy TMJIACTUKOBHX OpYyCKiB, OTpuUMaHuX 3a nonomoror 3D mpunTepy Ha
MOKA3HUKU MEK1 MIITHOCTI.

B nporpami Autodesk Inventor 2017 Professional Oyno crBopeno 3D -monens
napanenenineny posmipamu 20x20x100 mm, skuil OyJio MIATOTOBAHO 1O JIPYKY 3
BUKOpHUCTaHHAM ciaiicepiB Slic3r v.1.2.9 ta Ultimaker Cura v.4.5. [Ipu nupomy 0yio
orpumaHo mozeni 3 20% 3anoBHEHHSM BHYTPIIIHHOIO O00’€My HACTYIHUMH
BI3€pPYHKaAMU: «JIiHI», «CiTKa», «xpecToBe 3Dy, «ripoiny, «3D cotn» (Ha3Bu BKazaHi
BIJIMOBIJTHO /10 Ha3B y ciaiicepax). 3a gormomororo nmpuHTepy GRABER 13 Meromom
MOIIAPOBOTO HAIJIABICHHS OYJlI0 HAJIPYKOBAaHO MO 5 OpYCKIB KOXXHOTO THITY
BI3€PYHKY, BHUKOPUCTOBYIOUM (IJIAMEHT aKpUJIOHITPUI OyTali€eH CTUPOJy O1JI0ro
konpopy aiamerpom 1,75+0,05 mm (Plexiwire, Ykpaina). OTpumani moJiiMepHI
OpyCkM MJOCHIDKyBalld Ha MIIHICTh Tpu jgedopMaiiii 3ruHy 3a JOMOMOTOIO
rigpasmniuynoro npecy [1T'TIP.
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[Tpu HaBaHTa)KE€HH1 JOCTKYBAaHUX 3Pa3KiB MEPIEHANKYISIPHO MIIOLIUHI XYy (B
CUCTEMI1 KOOPJAMHAT, MOB’sA3aHIi 3 MIOHIMHOW cToiy 3D mpuHTepy) Ta Mo310BKHIN
oci OpyckiB OyJI0O BCTaHOBJICHO, IO Yy OUIBIIOCTI BHUMAAKIB MeXa MIIHOCTI (GM)
craHoBwia Oymm3bko 20 MIla (20,70+2,24, 18,76+0,65 Ta 16,824+2,59 Mlla mis
BI3EpYHKIB THUITy «IiHID», «Tipoim» Ta «xpectoBe 3D» Bimmosimno). [lpu mbpomy,
JOCATHEHHSI MEX1 MIITHOCTI BiiOyBasocs 3a BiaHOCHOI nedopmartii 0,025. B Toit xe
9ac, 3pa3Kd 3 BI3EPYHKOM 3allOBHEHHS THUITY «cCiTka» Oymm Ha 50% wirHim,
MmopiBHSAHO 3 iHmMMMH Turmamu (omM=30,41+2,36 MIla), a Mexa MIITHOCTI JocsTanacs
npu BigHocHiIM npedopmanii 0,038. 3Beprae Ha cebe yBary, IO IOKa3HUKU
BHYTPIIIHBOTO HANpPYXEHHs AeTalied 3 BizepyHKOM «3D cotu» Oyiu HACTIIBKU
HE3HAYHMMHU, 110 iX He BAAJIOCS 3a(iKCyBaT HAsBHUMU MpPUIIaJaMu.

Caip TakoX BIIMITHUTH, 110 pyHHYBaHHS JOCIIKYBAaHUX 3pa3KiB B110OyBajiocs
MEPEBAXKHO NUISIXOM JIeJaMiHalli — po3LIapyBaHHs IO JIHIAX 3’€IHaHHS CyMIKHUX
mapiB MOJIENI, 1110 BKa3y€ Ha BaXKJIMBUU BIUIMB CHJI MDKIIAPOBOI ajre3ii Marepiary
Ha KIHIIEBY MIIHICTh JICTAJICH.

['eoMeTpisi Bi3epyHKY 3allOBHEHHSI BHYTPIIIHBOTO 00’ €My Ma€ 3HAYHHUI BILIMB
Ha TIOKa3HUKM MIITHOCTI KIHIIEBOI JeTail, M0 HEOOXiJHO BpaxoByBaTU IIPH
MIATOTOBII O0’€KTIB 7O BUPOOHUIITBA 3 BUKOPUCTAHHSM METOJY IOLIAPOBOIO
HariaBjieHHsT Marepialy. OJHUM 3 MOMKJIMBHUX IUISXIB 30UIBIICHHS MIITHOCTI €
po3poOKa crocoO1B MiABUIIIEHHS MIXKIIIAPOBOI are3ii.

[1] C.B. Kongparos, A.A. ITeixtun, C.A. Jlapuonos, A.E. Copokun Tpyast BUAM.
10, 34 (2019).

[2] A.A. CaBuens, A.M. EpmakoB IlpaBo u skoHommka (MwuHCk, PecmyOnka
Benapycs, 2020).

[3] T. Galeta, P. Raos, J. Stojsi¢, I. Paksi Influence of Structure on Mechanical
Properties of 3D Printed Objects. Procedia Engineering. 149, 100 (2016).

[4] International Standard ISO/ASTM 52900 Additive manufacturing — General
principles — Terminology 26 (2015).

[5] N. Shahrubudina, T.C. Leea, R. Ramlana An Overview on 3D Printing
Technology:  Technological, Materials, and  Applications.  Procedia
Manufacturing. 35, 1286 (2019).

[6] Y. Man, X. Luo, Z. Xie, D. Qu Advances in Materials Science and Engineering.
4,1 (2020).
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IOPIBHSIHHS IAXOAIB 10 AHAJII3Y HAKJTAJEHUX
IOAIN B EKCIIEPUMEHTI AMoRE

H.B.Cokyp

Incmumym si0epnux docniosncenv HAH YVrpainu, Kuis
e-mail: sokur@kinr.kiev.ua

di3uKa HEUTPUHO CIIOBHEHA MUTAHHSAMM, SIK1 J0C1 3aIUIAIOTHCS 0€3 BIMOBIII:
€ HelTpuHO yacTHUHKOIO [[ipaka uyn MaliopaHu, SIKHMH € Maca Ta CX€Ma MaCOBHX
CTaHiB Ii€i YacTWHKH, 49M 30epiraerhcs jenToHHe uncio? OmHuUM 31 croco0iB
OTpUMATH BIAMOBiAI HAa 11l (yHAAMEHTANbHI NHTAaHHS €  JOCIHIJDKEHHS
O0e3HedTpuHHOTO TOJBiMHOTO Oeta-po3many (0vZ2B-po3many), edekTy 3a pamKaMu
CrangapTHOi MOZeNl eIeMeHTapHUX YacTUHOK. Metoro npoekty AMORE € nomryku
Ov2B-posmamy  sgpa Mo 3 BUKOPHCTaHHAM  HH3BKOTEMIIEPATYPHHX
CUMHTWISILIMHUX OOJOMETPUYHHUX JETEKTOPIB 13 KpucTaliaMu MoaioaatiB. IlepeBara
[UX JICTEKTOPIB TMOJSTa€ Yy BHCOKINA EHEpreTUYHid pO3AUIbHIM 34aTHOCTI Ta
e(eKTUBHOCTI peecTpariii, MOAKIMBOCTI PO3AUIATU MOJIi Bl 6eTa-4acTUHOK (e(deKT)
Ta anb(ha-yacTUHOK ((OH) 3aBIASKM OJIHOYACHIN peecTpallii CHUUHTWISAIIAHUX Ta
TEIJIOBUX  CUTHANIB, aHamizy (opMu  TeIioBUX  cuTHamiB.  Hemonikom
HU3BKOTEMIIEPATYPHUX JETEKTOPIB € TOBUIBHUN BIATYK, IO MPU3BOAUTH JO
BUITAJIKOBUX HAaKJIAJIeHb TMOMAIN, a OTXKe, 10 30UIbllIeHHS (OHY B JETEKTOpaXx.
[TouarkoBu# eTanm eKCHepuUMEHTY 13 1.9 Kr CUMHTUISUIMHUX KPUCTAIIB MOJIOAATy
KaJblif0, BUTOTOBJICHOTO 13 KaJbIlI0, 30iqHeHoro Ha i3otom “®Ca, Ta 30araueHoro
izoTonom ®Mo (*01Cal®Mo0Q,), 6yno 3asepmeno 2019 poxy [1]. Hapasi nabip
naHux BeaeThes B ycrtaHoBi AMORE-I 31 cuunTHAsSITOpaMu MONIOAATIB JITIIO Ta
KaJbIi0 i3 3arajgbHOI0 Macorw 30aradeHoro Mo Gmmspko 3-x Kr. 3aBeplnaibHuii
eran exkcnepumeHTy, AMORE-Il, nnanyerbcsi mnpoBecTH 13 3arajJbHOIO Macolo
CHUHTWIALIRHUX KpucTamB O0mu3pko 200 kr [2], MO T03BOJUTH BUKOHATH IOIIYK
Ov2B-posmany °°Mo 3 uyrnmsicTio 1o nepiogy HamiBposnany Ha pisHi Ty, ~ 1077 p
(eexTBHA Maca HeliTpuHo Maiiopanu {m,> ~ 0.02 — 0.03 eB) i, Takum YuHOM,
MEPEBIPUTH Mepe0aYeHHs] IHBEPTOBAHOI CXEMH MAaCOBHUX CTaHIB HEUTpUHO. ONIHIEI0
3 HAWOUIbII BaXJMBUX 3aJad € PO3POOUTH METOAM BIIAKUAAHHS BHUIAJIKOBUX
HaKJIagaHb TOAiA JBOHeHTpuHHOro 2B-posmamy sgpa ‘°Mo. ¥V gomosini Gyne
HABEJIEHO TOTOYHUI CTaH pO3pOOOK Pi3HUX MIAXOAIB 0 aHAI3y (POPMU TEIJIOBUX Ta
CIUHTHISIIIIHHUX CUTHAJIIB HU3bKOTEMITEPATYPHUX CIIUHTHIIIIIHHUX 00JIOMETPUIHIX
JIETEKTOPIB, METOI0 SIKMX € pO3JUICHHS Oera- Ta anb(pa-mojid Ta BIIKHIAHHS
BUNAAKOBUX 301T1B MOIIH.

[1] V. Alenkov et al., First results from the AMoRE-pilot neutrinoless double beta
decay experiment, Eur. Phys. J. C 79 (2019) 791.

[2] V. Alenkov et al., Technical Design Report for the AMoRE 0vpp Decay Search
Experiment, arXiv:1512.05957v1 [physics.ins-det].
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JOCJIPKEHHS MOABINHOIO BETA-PO3IIAJLY SI/IPA 1%Cd 3
BUKOPUCTAHHSM KPUCTAJY °CdWO,

B.P. Knasaienko®, I1.benni?®, P. Bepna6eii®®, ®.A. Jlanesud’,
A. TnuikitTi*®, ®@. Kanenna* | B. Kapauiono®, JI.B. Kacneposuu®, B.B. Ko6uues!,
A. Jleonuini®, B. Mepno?3, O.I'. [omimyx?, B.I. Tpersax?®, P. Yepymmi®?

Ynemumym s0epuux docnioonceny HAH Yrpainu, Kuis, Yxpaina
2Hayionanvuuti incmumym s0epHoi gizuku, 6i0dinenns y Pumi "Top Bepeama", Pum,
Imanin
3Pumcoruii ynieepcumem "Top Bepeama", Pum, Imanis
*Hayionanvuuii incmumym s0epnoi Qizuxu, 6iodinennsa y Pumi "Jla Canienya", Pum,
Imania
SHayionanvna nabopamopis I pan Cacco, Accepoxci, Imanis
S Pumcoruii yuieepcumem "Jla Canienya", Pum, Imanis
e-mail: Klavdiienko.volodymyr@gmail.com

Ho3Bonenuit B pamkax CTaHmapTHOI MOJENI €JIEMEHTApHUX YacCTHHOK Ta
B3aemonii (CM) monBiifHMI OeTa-po3maj i3 BHILOTOM JBOX HEUTpHHO (2V2B7) €
HalOUIBII PIAKICHUM SIIEPHUM IPOLIECOM 3apEECTPOBAHUM €KCIIEPUMEHTANBHO y 11-
™M sapax 3 mepiogom Hamiposmaxy 108 - 10%* pokis [1]. Besneiitpunna mopna
posmany (0v2P) € nporecom 3a mesxkamMu CM (OCKUIBKH MOPYIIYE 3aKOH 30€perKeHHS
JICTITOHHOTO YHCJIa) 1 MOYKEe BKa3yBaTH Ha Te, [0 HEHTPUHO € MAaCUBHOIO YaCTHHKOIO
Maiiopanu (4acTMHKAa TOTOKHA CBOiM aHTHYAacCTHHIl). MailopaHiBcbka MNpHUpoOa
HEUTpUHO MOXke OyTH ofHUM 13 (pakTopiB OapioHHOi acumeTtpii BeecBity. [losBiiine
JIBOHEHTPUHHE €JIEKTPOHHE MOIIMHAHHS OYIIO CIIocTepexeHo y aapi 24Xe [2], y Toi
e Jac J03BOJICHI JBOHEHTPUHHI TMPOICCH €JICKTPOHHOTO TOTIMHAHHS 3 BHJIBOTOM
no3utpona (2vECB") ta moasiiiHoro mo3urponHoro posnany (2v2p*) Bce e He Oyiu
3apeectpoBani. Sapo °Cd € ogauM i3 HalGILIBII NEPCIEKTUBHUX JUIS AOCTIKEHHS
TaKHUX MPOIIECIB 3 OTJISAAY Ha BeNUKY eHeprito po3nany (Qzp =2775.39(10) keB).

Jins monryky moxsiiiHoro Gera-posmamy °°Cd 6ymo po3po6ieHO CLUHTHIALIAHMIA
kpucTan Bonbppamary kaamiro (1®CdWO,) macoro 215 r i3 kaamiro 36araueHoro
izotonom °Cd 1o 66% [3]. BumipioBaHHsS 3a JONOMOIOK CLMHTHIALIHHOIO
nerexropa i3 kpuctamom °CdWO,; BemyThcss y HHM3bKO(DOHOBHMX YCTaHOBKAX
po3milieHux y mia3emHii jaboparopii I'pan Cacco HarmionansHoro IHcTUTYTYy
sanepHoi ¢i3uku (Itamis) [4-6]. B nux ekcnmepuMeHTax BCTAHOBIEHO OOMEKEHHS Ha
nepion HamiBposmnaxy aapa %°Cd no pisauM kananam posmamy Ha piai 102 — 1022
pokiB. TakuM YMHOM, EKCTIEPUMEHT € OJTHUM 3 HaWOIIBII YYTIAUBUX Y JOCIIHKEHHSX
2vECP*- Ta 2v2B*-posnanis. 3okpema, uyTnusicts 10 2VECB* posnany sapa 1°°Cd na
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oCHOBHUH piBenb sapa %Pd, Ty, > 2.1 x 10?! pokis, gocsrna piBHS TEOPETHUHHX
nependauens (Typ ~ 102 — 10?2 pokiB) [7,8]. O6Mexenns Ha pezonancauii 0V2EC
npouec Ha 30ymkeHnii pisens 2718 xeB sapa 1%°Pd scranosneno Ha piBHi T12>2.9 X
102! pokiB. HoBuii eTan eKCIIepUMEHTY i3 HOKPAIIEHOK €HEPreTHYHOK PO3IiIBHOIO
3IATHICTIO Ta MEHUIMM piBHEM (OHY BHUKOHYETbCA y Mia3eMHii maboparopii ['pan
Cacco. byzae npeacTaBieHo MoNepeiHi Pe3yIbTaTH aHAJI3y AaHUX HaOpaHux 3a 467
710 BUMIPIOBaHb.

[1] A.S. Barabash, Universe 6, 159 (2020).

[2] XENON Collaboration, Nature 568, 532 (2019).

[3] P. Belli, et al., Nucl. Instr. Meth. A 615, 301 (2010).
[4] P. Belli, et al., Phys. Rev. C 85, 044610 (2012).

[5] P. Belli, et al., Phys. Rev. C 93, 045502 (2016).

[6] P. Belli, et al., Universe 6, 182 (2020).

[7] M. Hirsch, et al., Z. Phys. A 347, 151 (1994).

[8] A.S. Barabash, et al., Nucl. Phys. A 604, 115 (1996).
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TOHKA CTPYKTYPA HU3BKOYACTOTHHUX PAMAH CIIEKTPIB
XAJIBKOT'EHIIHUX CTEKOJI B OBJIACTI BO3OHHOI O ITIIKY

P.M.I'onom0, J1.0.I'eBmi, B.M.Mina

JBH3 "Yaceopoocvkuil Hayionanvuuil yrigepcumem'", Yaczopoo
e-mail:v.mitsa@gmail.com

3a octaHHI JecaTUpivus B (i3UIll CKIOMOAIOHOTO CTaHy OJHUM 13 HANOUIBII
TUCKYCIHHAM € TIUTaHHS PO3YMIHHS TpUpoau HuzbkodacToTHux (HY) xommBHUX
Mon 3 wactoramu Menmmmu 3a 100 cm™. Byno Bussieno, mo gominyrounvu B HY
o0JacTi CHeKTpy € JBI OCOOJMBOCTI: HAIJHMIIKOBE KBa3lyNpy>KHE PO3CIIOBAHHSA
(HKIIP) mmx4e 20 cM?, o0 NpUMHUKAe 10 HHU3BKOYACTOTHOTO KpHJIA JPYroi
ocobmmBocTi - 603onHOrO MKy (BII). B maniit gomoBini po3risigaeTbesi €BONIOIIS
HKITIP B crexmax cucremu AS-S Mpu BIIXWICHHI BiJ] CTEXIOMETPUYHOIO CKJIAay 3
HaWOUIBIIO CTYMIHHIO 3B’SI3HOCTI MATpHUIl CTPYKTYpU — CKJIIOMOJIOHOTO C-
AS40Se0(C-AS,S3). Ha puc.1 npuBeneni pisamnei HU Paman crektpu crekon AS-S
no BigHomeHHo 10 HY Paman cnektpiB c- AS,;Ss, sik pisaumi HY Paman crektpis
(Hq Ast5-Hq ASzS3, HY AS45855-HLI Astg).
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Puc.1. PizaunieBi HY Paman criektpu : HU AS»Ss-HY AspS3, HU ASssSss-HY AsSs

3 puc.l nerko OGauntH, moO OyIb-fKe BIAXWICHHS CKJIaay K B OIK CIpKO
30aradyeHuX CTEKOJ, Tak 1 B OiK 30aradeHuX MHII’SIKOM CTEKOJI BEAC IO 3POCTAHHS
1HTeHCUBHOCTI B oOsacti HU Paman criekTpy, 110 MPpUMHUKAE JO HU3HKOYACTOTHOTO
Kpuia Oo3oHHOrO miky. J[lomatkoBi konuBaHHsA (puc.l) posmimieHi B oOnacti
nokamizaiii HKIIP. Tlpupona mux xojiuBaHb 0OTOBOPIOETHCS B MIAXOA1 M SIKHUX MO/
(soft mode).
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_BILVINB EHEPI'II 3BYI)KEHHA HA ®OPMYBAHHSI IIOCT-
HEUTPOHHUX BUXOAIB MPOAYKTIB HOALTY 130TOIIB TOPITO
B OBJIACTI EHEPI'IM IIEPIHIIOI'O ITAHCY

€.B.Ounetinikos, [.B.ITwmmunnens, O.1.JIeanen, O.O.[Tapaar

Inemumym enekmponnoi gisuxu HAH Ykpainu, Yorceopoo
e-mail: zheka.net.ua@gmail.com

[TocT-HEeNTpOHHI BHXOIW MPOAYKTIB (YJaMmKiB) — OJMH 13 OCHOBHHX
napaMeTpiB, SIKUM XapaKTepHU3ye MpoleC MOJUTY sSAep aKTUHIAIB. MacoBi 1 3aps0Bi
PO3MOJIIN  yJIaMKIB TIPH HHU3bKO-CHEPreTUYHOMY TIOAUII aKTHHIJIIB HAJar0Th
iHpopMaIito Mpo BIUIMB SJCPHOI CTPYKTYpH Ta JMHAMIKHM Ha TPOLEC MOy
(IMHaMiKa CIyCKY BiJ CIAJIOBOT TOYKH JO TOYKH PO3pUBY 30ymkeHoro siapa) [1].
Oco65mBO BakJIMBa 1151 1HPOpMAILisl JJI 130TOMIB TOPIkO, M0 3HAXOJUTHCS HA MEXKI
MK J0-aKTHHIJIaMHU Ta JETKUMH akTuHigamu. Kpim Toro, iHopmallis npo BHXOIU
MPOJYKTIB TOJAUIY 130TOMNIB TOPIIO TMiJ [1€0 BUCOKOEHEPreTUYHUX (OTOHIB Ta
IIBUJKUX HEUTPOHIB BIAIIPa€e BaXKJIMBY POJIb y pO3pOOIl EHEPrOreHEPYIOUUX CUCTEM
HOBOT'O MOKOIIHHS, a CaMe, PEaKTOPiB Ha MBUAKKMX HelTpoHax (232Th-23U manusHuii
LMKJI) T4 pEaKTOPIB 3 MPUCKOpIOBaYaMu (KEPOBaH1 MIAKPUTHYHI CUCTEMH) [2,3].

IcHyroui oriHeH1 ekcnepuMeHTallbHl AaHH1 010moTekn EXFOR [3] BkazyroTh
Ha HasBHICTh TOHKOI CTPYKTYPH Y MAaCOBUX CITEKTPax aCUMETPUYHHX (JETKUX — AL =
82 + 105) 1 Baxkkux — Ay = 129 + 155 a.0.m.) mpotyKTiB (HOTOHHOTO 1 HEUTPOHHOTO
HOiTy i30TONIB TOpito (I mofiabHMX saaep 228Th*, 230Th*, Z2Th* | 233Th¥),
30UIbIIICH] BUXOJM MOCT-HEHTPOHHMX BAXXKKUX IPOAYKTIB Ta JOJAATKOBHX 10 HHUX
JIETKUX TPOAYKTIB, TOB'S3aHI 3 TaKUM BIUIMBOM SIIEPHOT CTPYKTYpH, SIK e(deKT
OJIM3BKOCTI 7O 3aMKHEHHX SJIEpPHUX O0OJIOHOK 1 mapHo-HemapHoro edexty ([1] Ta
nmocwiaHHs B HiM). g a”amizy eKCHepUMEHTAIbHMX JaHUX  [IUPOKO
BUKOPHCTOBYETHCSI MOJIEIh MAacOBUX KaHamiB moaiuty bposu [5], y pamkax sikoi
MacOBUU PO3MOJII YJaMKIB HpH MOAUT aKTHUHIAIB OMUCYETHCS CYNEPHO3ULIEI 5
rayciaHiB, SIKi acOIlIOIOTHCS 3 JIBOMa ACUMETPUYHHMHU TOAIIBHUMH KaHAJIaMHU
(Momamm) nyist JIeTKUX 1 BaKkux yiamkiB — “Standard I” (SI), ”Standard II”” (SII) 1
CUMETpUYHUM KaHaioM — ~Superlong” (SL). [ns Oinbll TOYHOTO BiATBOPEHHS
CTPYKTYPH MaCOBHUX CIIEKTPIB yJIaMKiB MOy po3poOHuku (abo aBropu) GEF- kony
[6], SKMU BUKOPUCTOBYETHCS IJIsi MOJAEIIOBAHHS napaMeTpiB npolecy MNoAally,
PO3BUHYJIH 110 MOTIENb 1 pO3TISAAAIOTH IIE IBA KaHAIH — Super assymetrlc” (SA) nns
JETKUX 1 BaXKHUX YJIaMKIB, MPU OINHUCAHHI MACOBHUX CIEKTPIB CYIEPHO3UIIIE0 7
rayciaHamm.

Mertoro mpezacraBiaeHoi podotu € anami3 BrumBy kaHamiB (SL, SI, SII, SA)
noxiny Ha (OpPMyBaHHS MacOBHX CIIEKTPIB HNPOAYKTIB [UIS MOMIIBHHX suep 228Th*,
230Th*, 22Th* { 233Th* B o6yacTi €HEPriil NEPIIOro MIAHCY MOILTY.

Jlst peamizariii mocTaBiieHO1 3a1a4i Oyio:

- MPOBEJICHO KOMIT FOTEPHE MOJIEITIOBAaHHS MAaCOBHUX CIIEKTPIB MPOAYKTIB MOJLTY JJIs
30ymkennx sagep 226Th*, 20Th*, 232Th* i 233Th*  yTBOpeHMX B pe3y/bTaTi peakiii
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22ITh(n,f), 2Th(n,f), 2%2Th(y,f), #?Th(n,f), npu B3aemopxii HeiTpoHiB i (GOTOHIB 3
i3oTomamu Topito 3 3acrocyBanusM GEF- koxy (Bepcis - GEF 2020/1.1. [7]);
- po3paxoBaHa 00JIACTh €HEPTiH, Je MepeBakae MEPIIUi IIaHC MOAUTYy, TOOTO B
obJacti enepriit Big moporis (v,f)- 1 (n,f)- 1o moporis (y,nf)- i (n,nf)-;
- IPOAaHaJ30BaHO IMOBIPHICTh yTBOpeHHs KaHamniB nonuny (SL, SI, SII, SA) nns
nofinsHuX anep 228Th*, 280Th*, 2%2Th* | 23Th* (o6GmacTe eHepriii MepIIOro MIaHCy
HOJILTY).

B pe3ynbpTaTi NpoBeAeHUX PO3paxyHKiB OTPUMAHO HACTYITHE:
- BCTaHOBJICHI Jllalla30HA 00JIaCTI EHEPTiH MepIIoro MIAHCY IS MOAITFHUX SIep:
228Th*: E, (eneprii HeHTpOHiB ((POTOHIB), sAKi iHINIIOIOTH peakwiro moaity) = thermal
+ 6 MeB, E* (eneprii 30y/xeHHs] po3paxoBaHi JUIsi BKa3aHUX €HEpriii HEUTPOHIB) =
7.11 +12.11 MeB;
280Th*: E, = thermal +~ 6 MeB, E* = 6.79 + 11.79 MeB;
282Th*: Epnotons = 8 + 16 MeB, E* = 6.44 + 11.44 MeB;
283Th*: E, = 1.0 + 6 MeB, E* =4.79 + 9.79 MeB;
- PO3paxoBaHl CIEKTPU TMOCT-HEUTPOHHUX BUXOJIB TMPOAYKTIB, $IKI B IIJIOMY
B1JIOOPaXKAIOTh CTPYKTYPY MAaCOBUX PO3MOJUIIB ICHYIOUMX EKCIIEpPUMEHTAIbHUX
nanux 0i0mioreku EXFOR [3];
- TIIPOMOJIeNIbOBaHa IMOBIPHICTh BHECKY KaHamiB monauny (Ssi, Ss2, Ssa, Ssi) ¥
(dbopMyBaHHS KIHIIEBOTO CIIEKTPY MAacCOBUX PO3MOJIIB BHUXOAIB YJIAMKIB IS
BKa3aHUX MOJUIBHUX sIIep B 00JIaCTi €Heprii mepiioro maHcy:
228Th*: Sg; = 5.673 + 7.942 %, Ss2 = 92.17 + 73.96 %, Ssa < 0.065 %. Ss. = 2.155+
18.03 %;
280Th*: Sg; = 6.38 + 10.4 %; Ss2 = 93.29 + 83.05 %; Ssa < 0.121 %; Se. = 0.327 +
6.429 %;
282Th*: Sy = 7.21 + 12.58 %, Ss2 = 92.62 -+ 83.23 %, Ssa < — 0.152 %; S = 0.1585 +
4.038 %;
283Th*: Sg; = 5.514 + 14.44 %, Ss2 = 94.41 + 84.69 %, Ssa < 0.107 %, Ss. = 0.0691 =+
0.763 %;
- BCTAHOBJICHI 3arajbHl 3aKOHOMIPHOCTI MJIs PO3IVISIHYTUX SAEPHUX CKJIAJIO0BHX
cucTeM JiJIsi o0JyiacTi eHeprid 0e3eMICIHHOTO TMOJTy: OCHOBHHMM BHECOK Y
(dhopMyBaHHS MACOBHUX CIIEKTPIB (ACUMETPUYHUX ) MPOAYKTIB BHOCATH KaHau S| 1 SII,
oJHaK Tpeba BIAMITUTH MO0 3 POCTOM €Heprii 30y KEHHS IMOBIPHICTh yTBOPEHHS
ka"airy SI pocTte npu najiHHI (3MEHILIEH]) IMOBIPHOCT] YTBOpeHHs kKaHaiy SlI.

[1] H. Naik et al. European Physical Journal A 56, 82 (2020).

[2] L. Mathieu et al. Nuclear Science and Engineering 161, 78 (2009).

[3] L. Sajo-Bohus et al. AIP Conference Proceedings 1671. 020009 (2015).

[4] Experimental Nuclear Reaction Data (EXFOR). Database Version of 2021-02-20
[5] U. Brosa et al // Phys. Rep. 197, 167 (1990).

[6] K.-H. Schmidt et al. Nuclear Data Sheets. 131, 107 (2016).

[7] GEF 2020/1.1. http://www.khschmidts-nuclear-web.eu/GEF-2020-1-1.html
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PO3PAXYHKU HEPEPI3IB 3bY/ I KEHHS
3p° TA 35> OBOJIOHOK ATOMA KAJIIIO

B.I.Poman

Inemumym enexmponnoi gizuku HAH Ykpainu, Yaceopoo
e-mail: viktoriyaromanll@gmail.com

BaxnmuBicTe JOCHIKEHHS TIporiecy 30ymKeHHs CyOBajieHTHOI OOOJOHKU
(aBTOIOHI3AlIlT) y aTOMax BaXKUX JYKHHX METaliB OyJ0 apryMEHTOBaHO paHille y
UK eKCIIEpUMEHTaIbHUX poOIT (nuB. [1] Ta mocunaHHS B Hii), MPOTE€ TEOPETUYHI
JOCII/PKEHHSI X aTOMIB € qy)e HeuncelbHUMH. HemonaBHo HaMu Oylio MPOBEICHO
TEOPEeTUYHE JOCIIHPKEHHS TpolieciB 30y/KEeHHS Ta 10HI3alli OKPEMHUX EJICKTPOHHUX
obononok aroma Rb [1]. Tyr mMu mpencTaBiasieMo MepIli Pe3ysIbTaTH PO3PaxyHKIB
nepepisis 30ymxenns 3p° Ta 3s? o6ononok aroma K (mus. puc.1).
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Puc.1. Ilepepisu 360ymxenns 3p° i 3s? obomonok aroma K. Ha BcTaBui mokasaHo
OPIBHSHHS 3 EKCIIEPUMEHTAILHUMU JaHUMH [3] nepepisy 30ymkenns 3p° 060m0HKH.

Po3paxyHKu MpoBeAEHO y HAOMMXKEHHI PENIITUBICTCHKUX CIOTBOPEHUX XBHJIb Y
pamkax mporpamuoro makera Flexible Atomic Code [2]. Tlepepiz 36ymikenns 3p°
OOOJIOHKM OTPUMAaHO SIK CyMy TMepepiziB 30ymKkeHHs 96 aBTOIOHI3AIIMHMX CTaHIB
xoHQirypauiii 3p° 4s?, 3p° 3d4s, 3p°4sdp, 3p°4sbs, 3p° 3d5s, 3p° 4d4s. AmanoriuHo,
nepepis 30ymkeHHs 35° 0OOIOHKHM € CyMOK 38 pO3paxOBaHUX IEPEPI3iB 30yIKEHHS
ABTOIOHI3AIMHMX cTaHiB KoH(irypamii 3s4s?, 3s4sdp, 3s4s4d, 3s4sbs, 3s4s3d,
3s 5s5p, 3s 4s65. TlopiBHAHHS 3 eKCHIEPHMMEHTAILHUME JaHUMU IIepepizy 30ymxenns 3p°
obomonku [3] (muB. BcTaBKy Ha puc.l) Mokasye 3aJ0BLIbHE Y3rOHKEHHS 3 HAIMMH
po3paxyHKkamu. Harre 1ociipkeHHs OKa3ao, 1o 30ykeHHs 352 000IOHKH J1a€ BKJIAJ
7% y mepepi3 aBToloHizalli Ta ~1,5% y moBHui niepepi3 ioHizamli atoma K. Bomgnouac
TIOKa3aHo, 110 30ykeHHs 3P° 000IOHKY € OCHOBHMM IPOLECOM aBToioHi3awii atoma K i
nae Bknaa 29% y oro nmoBHUM nepepi3 OAHOKPATHOT 10HI3aLI11.

[1] V. Roman et al., J. Phys. B. 48, 205204 (2015).
[2] M. Gu, Canad. J. Phys. 86, 675 (2008).
[3] A. Boposuk, XKT® 82, 18 (2012).
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