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®I3UKA JIHK: BIJI BIOJIOTTYHUX ®YHKIIHN 1O
TEXHOJIOI'TYHUX 3ACTOCYBAHDb

C.M. Ilepenenuiis

Inemumymy meopemuunoi gizuxu im. M.M. boeonobosa HAH Yxpainu, Kuis,
Ykpaina

3ACTOCYBAHHSA TOIMOJIOI'TYHUX IHBAPIAHTIB JJI51 OITUCY
HAJIMPOBIJTHOI EJJEKTPOHIKM HA OCHOBI TPA®EHA

T. O6ixox

Incmumymy s0eprux docnioxncenv HAH Yxpainu, Kuis, Ykpaina

APPLYING DIFFERENT X-RAY SPECTROSCOPY TECHNIQUES
FOR STUDYING GASEOUS HETEROCYCLIC COMPOUNDS: 2(5H)-
THIOPHENONE

O. Plekan
Elettra Sincrotrone Trieste, Trieste, Italy

REVISITING THE FUNDAMENTAL NOTION
OF TEMPERATURE AND INTRODUCING
DYNAMICAL DEGREES OF FREEDOM

J. Jellinek

Argonne National Laboratory, USA

HYDROGEN IN FOCUS: UNVEILING THE SCIENCE AND FUTURE
OF FUEL CELL TECHNOLOGIES

A. Ostroverkh
Technische Universitdt Darmstadt, Darmstadt, Germany

Institute for Problems of Materials Sciences, Nat. Acad. Sci. Ukr., Kyiw, Ukraine

I'EHEPAILISA JIEITOHHOI TA BAPIOHHOI ACUMETPIN
Y l:AHHI)OMY BCECBITI
C./. BulbunHCHKHM

Kuiscoxuii nayionanvnuii ynisepcumem imeni Tapaca Illesuenka, Kuis, Ykpaina



A DETAILED COLLISIONAL RADIATIVE MODEL FOR Ti PLASMA
N. Ghosh, L. Sharma
Indian Institute of Technology Roorkee, Roorkee, India

O IUTAHHS ITPO MOAEJIOBAHHSA COHAYHUX

ITAHEJIEH Y TIPOT'PAMAX «COMSOL MULTIPHYSICS»

TA «SIMULINK)»

B.€. Koctuk, [.M. FOpkin

JBH3 «Yarceopoocvkuiti Hayionanvnuii ynigepcumemy, Yowceopoo, Yrpaina

THEORETICAL INVESTIGATION OF GUIDED MODE RESONANCE
EFFECT IN OPTICAL GAIN CAVITIES

I. LukoS$ianas, K. Stalitinas

Vilnius University, Laser Research Center, Vilnius, Lithuania

MOJIEJKOBAHHS BUXO/IB ITPOAYKTIB ®OTOIHOAITY Am-241
JIJISI OBJIACTI EHEPI'IM NEPHIOIO IIAHCY

B.B. Iuckay, O.0. IMapnar, O.1. Jleaaen, €.B. Oneiinikos, [.B. [Tunumnuunens
Incmumym enexkmponnoi isuxu HAH Ykpainu, ¥Yoceopoo, YVrpaina

RELATIONSHIP BETWEEN VOLUME CHANGE AND THERMAL
CONDUCTIVITY

V.V. Sagan, V.A. Konstantinov

B. Verkin Institute for Low Temperature Physics and Engineering of the
National Academy of Sciences of Ukraine, Kharkiv, Ukraine

O IIUTAHHSA PO O3HAYEHHSA HIBUJIKOCTI CBITJIA

B.M. Cumymuk!, O.A. Ioriunwii?, T.M. 3asmp’

' Inemumym enexmponnoi gisuxu HAH Yrpainu, Yaczopoo, Yrpaina
’IIBH3 « Yarczopoocvkuti Hayionanohutl ynisepcumem, Yoczopoo, Ykpaina

PO3POBKA ITOJIMEPHHUX KPIOTI'EJIIB METO/JIOM HUKJITYHOI'O
3AMOPOXKYBAHHS/PO3MOPOKYBAHHS

.B. Kynnnekuit, B.JI. JlemueHnko

Incmumym enexkmpossaprosanns im. €.0. Ilamona HAH Ykpainu, Kuis, Yxpaina

BIIJIUB IJIABMOBOI OBFPOBKU HA KOHIIEHTPAIIIIO
BIJIbHUX HOCIIB 3APAJTY PE3OHAHCHO-TYHEJBHUX
CTPYKTYP GaN

B.B. I'maakoscbkuii', M.B. Boitrosuu?, M.O. CemeHeHK0>
'Hayionanvua axaoemis nayx Yrpainu, Kuis, Yxpaina

’Incmumym izuxu nanienposionuxis im. B.C.Jlawxapvosa HAH Ypainu, Kuis,

Ykpaina
SIuemumym isuxu HAH Ykpainu, Kuis, Yxpaina



SPECTRAL ELLIPSOMETRY INVESTIGATION OF
SINGLE-CRYSTAL Ag7+x(P1xGex)S¢ SOLID SOLUTIONS

L.O. Shender!, A 1. Pogodin', M.J. Filep?, T.O. Malakhovska', M.M. Pop'
'Uzhhorod National University, Uzhhorod, Ukraine

’Ferenc Rakéczi Il Transcarpathian Hungarian College of Higher Education,
Uzhhorod, Ukraine

CHARACTERISTICS AND CONDITIONS

OF PULSE GAS-DISCHARGE SYNTHESIS

OF THIN FILMS OF NICKEL OXIDE (NiO)

M.M. Feldii, O.Y. Mynia, O.K. Shuaibov, R.V. Hrytsak, M.M. Pop,
V.V. Danylo, O.V. Zubaka

Uzhgorod National University, Uzhhorod, Ukraine

RECOVERABLE LUMINESCENT HYDROGEN

PEROXIDE SENSORS BASED ON CeO:x NANOPARTICLES
Yevhen Neuhodov!, Pavel Maksimchuk!, Ganna Grygorova', Kateryna
Hubenko!, Andrey Onishchenko?, Nataliya Kavok!, Galyna Dudetskaya!,
Yurii Kot®, Svetlana Yefimova!, Vladyslav Seminko!

! Institute for Scintillation Materials NAS of Ukraine, Kharkiv, Ukraine

2 Kharkiv National University of Radio Electronics, Kharkiv, Ukraine

3 V. N. Karazin Kharkiv National University, Kharkiv, Ukraine

CHUMBOJIBHA PEI'PECIA B AHAJIIBI JAHUX

KOJIAMJJEPHUX EKCIIEPUMEHTIB

J1. Kitexonp, JI. I'oninka-besmmiiko, O. be3mmuiiko

Kuiscokuu nayionanvuuu ynieepcumem imeni Tapaca Illesuenxa, Kuis, Yxpaina

SOFTWARE PACKAGES FOR THE BEAM AND BACKGROUND
MONITORING IN THE LHCb EXPERIMENT

S.B. Chernyshenko, D.M. Ramazanov, V.O. Kyva, O.Yu. Okhrimenko,
V.M. Pugatch

Institute for Nuclear Research, Kyiv, Ukraine

EJEKTPOHHA CTPYKTYPA NPEKYPCOPA Na4Si4 1
KJIATPATY Naz4Sii36

I. 1. Brenkan', B. B. Bakynsuax!, A. . Tanax', B. M. Ka0auiii*
TVoarczopoodcokutl nayionansrui ynieepcumem, Yoiceopoo, Yipaina
’Myxauiscokuil depoicasnuti yrieepcumem, Mykaueeo, Yrpaina

ITPO HAPO/I’KEHHSI KBAHTOBOI MEXAHIKH TA PIBHSIHHS
JIPAKA

B.M. Cumynuk', LM. Biran?

Inemumym enexmponnoi pizuxu HAH Ypainu, Yoczopoo, Yepaina
’IIBH3 « Yarczopoocvkuti Hayionanshutl ynisepcumem, Yoczopoo, Ykpaina
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CHARGE FORM FACTORS OF ?®Ne AND %Si NUCLEI

IN THE o-CLUSTER MODEL WITH DISPERSION

'Yu.A. Berezhnoy!', V.P. Mikhailyuk? S.E. Omelchuk?, [V.V. Pilipenko?

! Karazin Kharkiv National University, Ukraine

2 Institute for Nuclear Research, Kyiv, Ukraine

3 National Science Center “Kharkov Institute of Physics and Technology”,
Kharkiv, Ukraine

INAPAMETPH I'A30PO3PSAJTHOI IIJIABMHU

HA CYMIIII HAPIB JJMMOAUY, IMBPOMILY

I ANXJIOPUAY PTYTI 3 I'EJIIEM

B.B. Kosau, O.M. Mauinin, O.1. Muns, A.O. Maninina,

O.K. llyai6os, P.B. I'puniak, K.b. Monnap, I.I. Bounap, M.O. Maprituu
JBH3 «Yarczopoocvkui Hayionanvhuil yHigepcumemy, Yoceopoo, Ykpaina

POBOTA BUXOAY BTOPUHHUX EJIEKTPOHIB

31 CIIVTABY Cu-Al-Mg

C. Kapnycst, M. JIamos>? 1. [llnsaxos?, [1. 3axapuyk’

! Thyyeruit nayionanshuti mexniunuii ynisepcumem, Jlyyok, Yxpaina
?Xapxiscokuil Hayionanvnuil ynieepcumem, Xapkis, Ykpaina

SHayionanvnuil nayxoeuti yenmp «XapriécoKutl (hisuKo-mexuiynuil iHcmumymy,
Xapxis, Ykpaina

Incmumym enexmponnoi gizuxu HAH Yipaina, Yaceopoo, Ypaina

GOOTOJIOMIHECHEHIIA MOJIEKYJI AJEHIHY

TP OJTHOYACHIH AIi IBOX YACTOT

EJEKTPOMATHITHOI'O BUITPOMIHIOBAHHSA

M.M. Capo3, M.I. llladpanbomt, M.O. Maprituy, M.I. Cyxosis, I11.b. Momanap,
B.B. Kosau, O.0O. llInenux, I.1. [lladbpanborm, M.M Kumak

Yorceopoocwvkuii HayionanvHuti yHisepcumem, Yoiceopoo, Ykpaina

PAMAHIBCBHKE PO3CIFOBAHHS Y CKUIIOIIOAIBHOMY
TETPABOPATI JIITIIO

I1.C. TaHmIok

JIBH3 «Yorceopoocokuii nayionanvruil yrisepcumemy, Yoiceopoo, Yrpaina

MOJIEJOBAHHS XAPAKTEPUCTHUK ITIOTOKIB
3AJIMINKOBUX EJIEKTPOHIB ¥ ITYUYKAX
I'AJBMIBHOI'O BUTTPOMIHIOBAHH/S,
3rEHEPOBAHUX TAHTAJIOBUM KOHBEPTEPOM HA
MIKPOTPOHI M-30

0.0. I1apnar, B.B. [luckau, €.B. Oxneiinikos, I.B. ITumumunHens
Inemumym enexmpounnoi gizuxu HAH Ykpainu, Yoceopoo, Yrpaina
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KAJIIBPYBAHHS HPGe-IETEKTOPA 3A BIIHOCHORO
E®EKTUBHICTIO 110 BATPUMAHOMY I'AMMA -
BUINTPOMIHIOBAHIO EKPAHOBAHOI'O

PAJIOI3OTOILY Cs-138

L.B. IMumumuusens, O.1. Jleaaen, O.0O. [Tapnar, €.B. Oneiinikos, B.B. [Tuckau
Inemumym enexkmponnoi gizsuxu HAH Ykpainu, Yoceopoo, Yrpaina

JOCIIIAKEHHSA EJJEKTPO®ISUYHUX TA I OIITUYHHUX
BJJACTUBOCTEM HAHOKOMITIO3UTY B CUCTEMI As:S; —Bi:S;
[Tasneii C.1., I'acunens C.M., Boiinaposuu [.M.

Incmumym enekmponnoi ¢isuxu HAH Ykpainu, Yoceopoo, Yrpaina

AITAPATYPA I IPUJIAU ®IPMHU «MIRION (CANBERRA)
TECHNOLOGIES, INC.» J1JI51 PAJJIAIIIAHOTI'O MOHITOPUHT'Y
OB’€EKTIB HABKOJIMIIHBOI'O CEPEJIOBUIIIA

C.B. Camouepuux

Tosapucmeo 3 obmedxcernoro gionogioanvricmio «Kanbeppa Ilaxkapoy,
Kuis, Yxpaina

OCOBJIUMBOCTI ®OTOJIOMIHECHEHIIII BAKTEPIN

0.0. Bannypun', .M. llapra?, II1.5. Monuap?, 10.A. Baugypun®

TV arceopoocwrutl nayxkoesuil niyet 3axapnamcvkoi OBA, Yoczopoo, Yipaina
’JIBH3 «Yaczopoocokuil nayionansnutl ynieepcumemy, Yoczopoo, Yipaina
SIncmumym enexmpounoi pizuxu HAH Yrpainu, Yoceopoo, Yipaina

HAHOKPUCTAJIA TbO:x 3 BUPAZKEHOIO IPOOKCUJAHTHOIO
AKTUBHICTIO I A®K-3AJIEKHOIO JIIOMIHECHEHIIECTO

IOHIB Tb**

M.L. Jlynan, B.B. Ceminbko, I1.0. Makcumuyk, K.O. I'ybenko,

B.K. Knouxkos, C.B. €dimona

Incmumym cyunmunayitinux mamepianie Hayionanvnoi akademii nayk Ykpainu,
Xapxis, Ykpaina

JOCJALIKEHHSI MEXAHI3MY NEPEJIAYI KBAHTOBOI
TH®OPMAIIII MI’K IBOMA ATOMAMMU KYBITAMHA

C.M. Ky3bma, B.1O. Jlazyp, B.B. Py6im, O.K. PeiiTiit

JIBH3 "Yaceopoocvkutl nayionanvruil yrisepcumem”, Yoiceopoo, Yrpaina

ABTOMATHM30BAHNMN CKAHEP JJISI JIATHOCTUKH TA
KOHTPOJIIO OAHOPITHOCTI ITOJIA OITPOMIHEHHSA ITYUKA
INPUCKOPEHUX EJIEKTPOHIB

M. TomumuH, M. PomaHniok, I. Merena

Incmumym enekmponnoi ¢isuxu HAH Ykpainu, ¥Yoceopoo, Yrpaina




AN ANALYSIS OF EXPERIMENTAL DATA ON N NUCLEUS
DISINTEGRATION BY HIGH-ENERGY PROTONS

R. Murtazin'!, S. Karpus®!

!National Science Center «Kharkiv Institute of Physics and Technology» NAS of
Ukraine, Kharkiv, Ukraine

’Lutsk National Technical University, Lutsk, Ukraine

OOTOJIOMIHECHEHIUIA TAYPUHY

10.B. ®enypud', 1O. A. Banaypun?, [I1.B. Monnap?, O.10.Banxypur?,

A. M. 3asinomyio’

'Komynanvne nexomepyiiine nionpuemcmeo « 3akapnamcobKutl npomunyXauHHull
yeumpy 3axapnamcwvrkoi OBA, Yoceopoo, Ykpaina

’Incmumym enexmpounoi Qizuxu HAH Yxpainu, Yoceopoo, Yepaina

SIHBH3 Yaiczopoocwkuil nayionanshutl ynieepcumem, Yaczopoo, Yrpaina
3AJJAYI IITYYHOI'O IHTEJEKTY B TEOPII JO3UMETPUUYHUX
BUMIPIOBAHb

I1.B. dBopcekuii, O.M. Ilom, B.T. Macmiok

Incmumym enekmponnoi gisuxu HAH Ykpainu, ¥Yoceopoo, Yrpaina

PO3POBKA YHIBEPCAJIBHOI'O IIYKAYA BEPHINH

Y TPUT'EPI PIBHSI HLT1 HA LHCb

B.O. SuxoBcekuii, A.C. Ycauos, O.A. be3mmiiko, JI.O. I'omiaka-be3mmiiko
Kuiscoxuii nayionanvnuii ynisepcumem imeni Tapaca Lllesuenka, Kuig, Ykpaina
Vrije Universiteit Amsterdam and Nikhef, Amstrerdam, Ukraine

CHEKTPHU EJEKTPOH-®OTOHHOI EMICII 3 MOBEPXOHb
JYKHOTAJOITHUX KPUCTAJIIB KCl, NaCl, KBr,
MOIUPIKOBAHUX HAHOYACTUHKAMMU TA HAHOIUIIBKAMH
METAUJIIB Cu Ta Ag

A.A. Cougka, O.M. KoHomisoB

JIBH3 «Yorczopoocokuii nayionanvruil ynisepcumemy, Yarceopoo, Yrpaina

JIMCTIEPCIMHI CIIIBBIJTHOINEHHSA TA

EHEPTETUYHA 3AJIEXKHICTbD I'NTIOBAJIBHOI'O
SLi-IIOTEHIIAJTY

L1 Bepreren', K. Kemnep?, H. Kini®, (€.1. Kouiii*, B.M. Kup’stayx?,
C.IO. Mexesuu!, O.A. TTorkparenko', A.A. Pyquuk!, K. Pycex®,
10.0. Illupma', IO.M. Crenanenko!, B.B. Yiemenko!,

Unemumym soepnux docnioocens HAH Yrpainu, Kuis, Yxpaina
2Vuieepcumem wmamy @nopuoa, Tannaxacci, CIIIA

3 Hayionanvnuii yenmp soepnux oocnioxcens, [llvecpk, Tlonvua
uxnomponnuii incmumym Texacvkoeo A&M-yuieepcumemy, CILLIA
SHAEK «Enepaoamomy, Kuis, Ykpaina

SJlabopamopis saxckux ionie Bapuascokozo ynieepcumemy, Bapwasa, ITonvwa
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B3AEMO/ISI ®PEHIJIAJIAHIHY 3 EJIJEKTPOHAMU
HU3LKUX EHEPI'IA

B.I1. banenko, O.B. ITanmn, B.C. Bykctuy, JI.I'. PomanoBa
Incmumym enekmponnoi ¢isuxu HAH Ykpainu, Yoceopoo, Yrpaina

LIGHT COLLECTION INTO FIBERS VIA NANOPRINTED
STRUCTURES

O. Yermakov'?, M. Zeisberger?, H. Schneidewind?, M. A. Schmidt?
V. N. Karazin Kharkiv National University, Kharkiv, Ukraine
’Leibniz Institute of Photonic Technology, Jena, Germany

SHIELDING PROPERTIES AND RADIATION

MODIFICATION OF MAGNETIC NANOPARTICLE-
FUNCTIONALIZED TEXTILES

K. Zolochevska, P. Kop¢ansky

Department of Magnetism, Institute of Experimental Physics, Slovak Academy
of Sciences, Kosice, Slovakia

STUDY OF MOLECULE TOPOLOGIES FORMED

UNDER THE INFLUENCE OF RADIATION

BY CONSTRUCTING MOLECULAR GRAPHS

V. Hanulych, N. Svatyuk

Institute of Electronic Physics of the National Academy of Sciences of Ukraine,
Uzhhorod, Ukraine

ENHANCEMENT OF CHIRAL SENSING

WITH META-GRATINGS

O. Demianyk!, S. Polevoy?, V. Tuz!, O. Yermakov!?

'v. N. Karazin Kharkiv National University, Kharkiv, Ukraine

20. Ya. Usikov Institute for Radiophysics and Electronics of the NAS of Ukraine,

Kharkiv, Ukraine
3Leibniz Institute of Photonic Technology, Jena, Germany

BAIIVIYTAHI CTAHU 1 TEOPEMA BEJLJIA
A. AHTan
Inemumym enekmponnoi @izuxu HAH Ykpainu, Yaceopoo, Ykpaina

TUNNEL MAGNON TRANSFER THROUGH
A FERROMAGNETIC CHAIN
S.M. Tunyk, E.G. Petrov

Bogolyubov Institute for Theoretical Physics, Nat. Acad. Sci. Ukr Kyiv, Ukraine
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MIKCEJBbHA MATPUIIS IOHIBAIIMHUX KAMEP

Y BEPUDIKAIII JIKYBAJIbHUX IIJIAHIB

IMMPOMEHEBOI TEPAIIII: AHAJII3 TA

OIITUMIBALIA METOJAUK

K.I'. ITinuyk?, J1.O. Toninka-Besmmiiko!, O.0. Yurpun?, 1.C. KoBanenko>>,
B.B. Pycakos?, O.A. Besmmiiko'

'Kuiscoxuti nayionanvnuii ynieepcumem im. Tapaca Lleeuenxa, Kuis, Yxpaina
? [leporcasne nexomepyiiine nionpuemcmeo «Hayionanvnuii incmunmym paxyy,
Kuis, Ykpaina

SIuemumym s0epuux oocniosncens HAH Ypainu, Kuis, Yxpaina

HOPIBHAHHSA 1O30BUX PO3ITIOALIIB, BUMIPAHUX

PIBHUMU JETEKTOPAMMU Y BEJIUKUX TA MAJIUX
PAJIIAIIIAHUX MOJISIX

K.B. Binsuuncska'?, O.A. be3mmiixo?, J1.O. Toninka-be3mmiiko?,

P.M. 3enincekuii®

'Kuiscoxuti nayionanvnuii ynieepcumem im. Tapaca Lleeuenxa, Kuis, Ykpaina
?Vuieepcanvna xninixa «Obepizy, Kuis, Yxpaina

SMeouunuii yenmp imeni axaoemixa FOpis Ipoxonosuua Cnixcenxa, Kuis,
Ykpaina

ADVANTAGES OF USING STATIONARY SOURCES OF
RADIOACTIVITY FOR RESEARCH IN PHYSICS AND ECOLOGY
USING THE "SIRIUS" FACILITY

H.Magus, H.Vasylyeva, 1. Shafranyosh, K. Skubenych, V. Lazur,

A. Zaporogetc

Uzhhorod National University, Uzhhorod, Ukraine

BUKOPUCTAHHSA EPID TA AHTPOITOMOP®HOI'O

O®AHTOMA H&N JJIs1 OIITHKUA BIJIMBY

TPAHCJISIHIHHUX 3MIINIEHb HA TOYHICTD

JTOBEJIEHHS MO JIMHEHOI 103U B TUCTAHUIAHINA
MPOMEHEBIHA TEPATIII

B.B. Pycakos!, B.II. Bamumun??, JI1.O. Toninka-be3umiiko®, O.A. Be3mmuiiko®
! leporcaene nexomepyiiine nionpuemcmeso « Hayionanonuii incmumym paxyy,
Kuis, Yxpaina

’TOB «KAITUTAJI» MI] « Vuieepcanvua kninixa “Obepic”’» Kuis, Yxpaina

S Kuiscokuil nayionanvruil ynieepcumem imeni Tapaca Illesuenka, Kuis,
Ykpaina

SIMOURG2.0 - GEANT4 APPLICATION FOR SIMULATION OF
NUCLEAR DETECTORS WITH SIMPLE GEOMETRIES

D. S. Kovalenko, V. V. Kobychev, L. M. Kobycheva, O. V. Zueva
Institute for Nuclear Research of NASU, Kyiv, Ukraine
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BU3HAYEHHS KBAHTOBUX BUXOAIB TAMMA-KBAHTIB

B AJIb®A-PO3IIAII U

B. JIe6enp'?, O. Kyxkos!, I. Mamrok!, M. Ctpinpuyk', B.Tpummn', JI. Toninka-
Be3mmiiko?

I Incmumym sioepnux docnioncens HAH Yrpainu, Kuis, Yxpaina

? Kuiscokuil nayionanvnuil ynieepcumem imeni Tapaca Illesuenxa

EMICIHHI BJACTUBOCTI AMIHOKHCJIOTH I30JIEUIIUHY
Y T'A30BOMY PO3PAII

O. Ilamm, €. CBITIMYHUHA

Incmumym enekmponnoi ¢isuxu HAH Ykpainu, Yoceopoo, Yrpaina

BUXO/IX I30TOMIB JIAHTAHOIAIB (Sm, Dy, Ho, Yb)

ITPH IO ALJII 238U

I1.C. lepeukeit, 3.M. biran, IL.I1.I1yra, M.C. JIsmos, B.T. Macntok
Incmumym enekmponnoi isuxu HAH Ykpainu, ¥Yoceopoo, Yrpaina

CUCTEMA ABTOMATHUYHOI'O IIEPEKJIAJITY HAYKOBUX TA
HABYAJIBHUX TEKCTIB
M. O. Ixonnikos, JI. O. I'ominka-be3mmiiko, O. A. be3mmiiko

Kuiscoxuii nayionanvnuii ynisepcumem imeni Tapaca Lllesuenka, Kuis, Ykpaina

REFLECTIONLESS METASURFACES: FROM TRANSVERSE-
ELECTRIC BREWSTER EFFECT TO PERFECT ABSORPTION
Tymofii Shudra', Oksana Mankovska?, Artem Hrinchenko?,

Oleh Yermakov?*

ISchool “Basis”, Kyiv, Ukraine

2Ivan Franko National University of Lviv, Lviv, Ukraine

3V. N. Karazin Kharkiv National University, Kharkiv, Ukraine

*Leibniz Institute of Photonic Technology, Jena, Germany

OCOBJIUBOCTI MAC-CIIEKTPOMETPII TAYPUHY

B A30BIA ®A3I

O.B. Ilann, A.M. 3aBinonyno, €.10. Pemeta

Incmumym enexkmponnoi isuxu HAH Ykpainu, ¥Yoceopoo, Yrpaina

HAINIBIIPOBITHUKOBA BETA-CIEKTPOMETPIA *°Sr TA B'Cs
[. [Tpokomtok, O. XKykos, I. Mamtok, M. Ctpinbuyk, B. Tpummx
Inemumym si0epuux oocnioxcenvs HAH Vkpainu, Kuis, Ykpaina

DARK ENERGY-MATTER SECTOR: BRIEF HISTORY AND NEW
HYPOTHESES

V.M. Simulik!, .M. Bigan? T.M. Zajac?

!Institute of Electron Physics, Nat. Acad. Sci. Ukr., Uzhhorod, Ukraine
2Uzhhorod National University, Uzhhgorod, Ukraine
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RESOLUTION OF ULTRASOUND DOPPLER SYSTEMS USING 167
COHERENT PLANE-WAVE COMPOUNDING

Evgen A. Barannik, Mykhailo O. Hrytsenko

Department of Medical Physics and Biomedical Nanotechnologies, V.N. Karazin
Kharkiv National University, Kharkiv, Ukraine

MNOIYK XOJIOAHOI'O MOALTY HYKJIIAIB IIJIYTOHIIO 1 170
AMEPHIIIIO 3A JOITOMOT OO0 TAMMA-CIIEKTPOMETPII

I.C. Kimoes, B.B. Ko6uues, J1.B. KacniepoBuu

Incmumym si0epnux docnioxncenv HAH Yxpainu, Kuis, Yxpaina
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I[ED-2025 [EP-2025

HHEPEIMOBA

3 BEMMKUMHU CIIO/IIBAaHHSIMHM HAa MalOyTHE HayKH B YKpaiHi MU MPECTaBISIEMO
36ipHuK Te3 MikHapoaAHOT KOH(pEepeHIIli MOJIOIUX YueHUX Ta acmipaHnTiB «IED-2025,
sKa Bi0yJacs y MalbOBHUYOMY Ta KyJIbTYPHO Oararomy MicTi Yskropon, Ykpaina. L{s
KOH(EPEHIlis € BAXJIMBOIO aKaJIEMIYHOIO TPAJUIIIEI0 [HCTUTYTY €IEKTPOHHOI (h13UKH
HAH VYkpainu, 1o crnpuse HayKOBOMY 3pOCTaHHIO Ta PO3BUTKY HOBOI'O IMOKOJIIHHS
(13UKIB, a TaKOXX CTHUMYJIIOE MIKHAPOAHE CIIBPOOITHULITBO Ta MIXKAMCLMILIIHAPHI
JIOCIIKEHHS.

Kondepenuiss «IED-2025» o0’enHana pi3HOMAHITHY CHUIBHOTY MOJOJUX
HayKOBIIIB, IOCJIJHUKIB-ITIOYATKIBIIIB Ta aCIIPaHTIB 3 yCi€l YKpaiHu Ta 3-3a KOPAOHY.
Bona nHanmana roctuHHy Iuiatopmy IJs NMPEACTABIEHHS MEPEAOBUX JIOCIIKEHbD,
BIIKDUTHX HAYKOBUX AMCKYCI Ta BCTAaHOBJIEHHS 3B’SI3KIB CEpEll MOJIOAUX YUYEHUX.
Kondepeniiist crana BaXJIuBUM eTanoM y MpodeciiiHOMYy CTaHOBJIEHHI Oaratbox
YYaCHUKIB.

[{poropiuna koH(pepeHLs 0XONuaa MHUPOKUA CIEKTP Cy4aCHUX TEM Yy Taiysi
¢bi3ukm, mo BigoOpaxae K (QyHIaMEHTAIbHI HaMpSIMHU JTOCITIJKCHb, TaK 1 HOBITHI
TEXHOJIOT1YH1 JTOCSATHEHHs. buibmn Hixk 60 10omMOBiAeH OXONMWIM HACTYIHI TEMATHYHI
HanpsMU:

»  Dizuxa napHux 3iMKHeHb eleKmMpPoHie, AMmomie, I0HI8, MOJIEKY | (hOMOHIE.

*  CnexmpocKonis amomie ma MoJeKyIL.

* Heniniina onmuka, iazepra @isuxa.

*  Di3uK0o-XIMIYHI OCHOBU [ MEXHON02l OMPUMAHHA, 00poabieHHs ma
3ACMOCYBAHHA MAKPOCKONIYHUX | ME30CKONIYHUX KpUucmanie, Nai6oK ma
CKIIONOO0IOHUX Mamepianis.

* Hu3svbkoenepeemuuna sioepra izuxa.

* Paoiayitina i mexnocenno-exonoziuna besnexa.

» Teopemuuna ghizuka.
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ABTOpPiB HAMKPAIIMX HAYKOBHX JIONOBieil 0y/10 BIA3HAYEHO TUIIJIOMAMM.
JTUITVIOM 1 cmynens - Onee €Epmakos, XapKiecoKuul HAYiOHANbHUU YHIGEPCUMEN
im. B.H. Kapasina (Xapkie, Ykpaina).

JIHIIVIOM 2 cmynensa - Ignas Lukosiunas, Vilnius University, Laser Research
Center (Vilnius, Lithuania).

JAHIIIOM 2 cmynena - Kamepunma Binvuunceka, Kuigcvkuii HayionanvbHuil
yuieepcumem im. Tapaca Illesuenxa (Kuis, Ykpaina).

JAUIIVIOM 3 cmynens - [Imumpo Kynuyvxui, [ncmumym enekmpo3sapio8anHs
im. €.0. [lamona HAH Ykpainu (Kuis, Ykpaina).

JIHITIVIOM 3 cmynensa - lsan Bepmeeen, Incmumym sdepnux oocnioxcens HAH
Yrpainu (Kuis, Ykpaina).

JAUIIVIOM 3 cmynensa - QOnee Jlem'anuk, XapriécbKuti HAYIOHAIbHUL
yuieepcumem im. B.H. Kapa3zina (Xapxis, Yxpaina).

Ocoonuei BI/[3BHAKH 1oH020 nepcneKmugHo20 HAYKOBYS OMPUMATIU O0B0€E
WKOAPIB, AKI NOKA3AIU BUCOKULL PiBEHb HAYKOBUX OOCNIONHCEHb, HE38AXCAIOYU HA
C8ill BIK:

BI/I3BHAKA - Tumodgiu [llyopa, Haykoso-0ocnionuybka npusamua uikoad
“Basis” (Kuis, Ykpaina).

BI/I3HAKA - Onexcandp banoypun, YouceopoOocokuii Haykosuii niyeti
3axapnamcoxoi OBA (Yoiceopoo, Ykpaina).

Tako ciif BIA3HAUYUTH OTJISIOBI JIEKINT BiJl JOCBITYEHUX BUCHUX, IO OyJH

3aMpoIIeHi MPOBECTH MalcTep-KiIacu Ha KOHEpeHIlii, a came: qupekropa [HCTUTyTy

teopetnynoi ¢i3uku iMm. M.M. boromo6oBa HAH Vxkpainu Cepris [lepenenuii,

cTapioi HaykoBoi chiBpoOiTHUL [HCTUTYTY snepHux aociimpkenb HAH VYkpainu

Terssau OO6ixoa, HAYKOBOi CIIBPOOITHHII MIKHAPOJIHOTO JOCTIAHHUIIBKOTO IIEHTPY

«Elettra Sincrotrone Trieste» Okcanu IlnekaH, cTapiuioro HayKOBOTO CIiBpOOITHHKA

Aparoscekoi HalioHaapHOI Jadoparopii KOmiyca €nnineka, 3aBigyBauku Jiadapatopii

[acTuTyTy mpobnem marepiano3naBctBa iM. [.M.®pannesnua HAH Ykpainu Annu

OctpoBepx Ta 3aBijlyBaua Kadeapu KBaHTOBO1 Teopii mojist KuiBChbKOro HalioHaJIbHOTO

yHiBepcuteTy iMeH1 Tapaca [lleBuenka CranicinaBa BinbunHCHKOTO.
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Pi3HOMaHITHICTB 1 SIKICTh T€3, MPEACTABIECHUX Y I[bOMY 301pHHUKY, CB1IYaTh PO
IHTEJIEKTyaJIbHY aKTUBHICTh Ta HAyKOBY 3pLIICTh MOJIOAUX yyacHUKIB. KoxkHa poboTta
Oyra olliHeHa HayKOBUMH PELICH3EHTaMU 3 TOUKH 30py HAYKOBOI HOBU3HH, 3MICTY Ta
YITKOCTI BUKJIAAE€HHS.

Kondepenmuist «IED-2025» crana He Juille HAYKOBUM 3aX0JI0M, & W BaXJIUBUM
MalJaHIYMKOM JUIsl HACTAaBHUIITBA, HATXHEHHS Ta YTBEPIKEHHS TaKUX IIIHHOCTEH
HAYKOBOI CIIUJIBHOTH, SIK TOYHICTh, BIAKPUTICTh, KPEATUBHICTH 1 CIIBIIpallsd. Y YaCHUKIB
320X0YyBaJI MUCJIUTH KPUTUYHO, CTABUTH aMOITHI MUTaHHS Ta CMUIMBO BUXOJUTH 32
MEX1 TPAIUIIMHUX YSBJICHb.

[upo nasKyeMO BCiM, XTO CHpPUSIB YCIIXy KOH(EpEeHIlii: opraHizaliiHoOMy
KOMITETY, HAyKOBUM pEIEH3EHTaM, r0J0BaM CEKIIii, 3alpoIIeHUM JOIOBiIauyaMm 1,
HacaMIiepe/i, MOJOJUM HAyKOBLISM, 3aBISKH SKUM I mofis oxkuia. OcobivBa
BJIAYHICTh HamUM 30poitHuM CuilaM YKpaiHu, 3aBASKH SIKUM BCl MU MAa€MO 3MOTY
MpaIlOBaTH, OPraHi30BYBaTH Taki (OpyMHU Ta IPOJOBXKYBATH TBOPUTH HAYKY.

Mu nepekoHaHi, 110 el 301pHUK Te3 CTaHE KOPUCHUM JOBITHUKOM JJISl HAYKOBO1
CHUIBHOTH Ta JHKEPEJIOM HATXHEHHS JUIsl MOAAJIBIINX JOCIIKEHb Y ramy3l (i13uKH.
baxxaemMo BciM y4acHHKaM HOBUX HAYKOBHUX JIOCSITHEHb Ta 3 HETEPITIHHIM Y€KAEMO Ha
HOBI 3yCTpiyi.

Ceren OJIEMHIKOB
roJI0Ba OpraHizaliitHoro KOMITeTy,
TOKTOp dimocodii

Ilpozpamuuii komimem: Opczanizauitinuit Komimem:

Tonosa - un.-kop. HAH Ykpainu I'anna TOMOHAW  T'onosa- nokr.din. €sren OJJEMHIKOB
3acmynnux 2onosu - npod. Anaromiit SABUIOITYJIO  3acmynnux 2conosu- Irop ITMJIMTTYNHELD
Ynenu npoecpamnoco komimemy: Ynenu opeanizayitinoco Komimemy:

npod. Onexcanap TOMOHHAM (Ykpaina) K. pi3.-mat. H. Onexcanap [TATIIT

npod. Bonogumup MACJIIFOK (Vkpaina) K. p13.-mat. H. Okcana 1011

npod. Ierep KOITYAHCHKUH (Cropauunna) K. (i3.-mar. H. Tersna [TIOTTUK

n.¢.-m.H. €Bren PEMETA (Ykpaina) K. (i3.-mMat. . €sren CBITJIMUYHUIMI

n1p. Bannac MOHAYCKAC (JIutsa) K. i3.-mat. H. BikTopis POMAH

np. Oxcana [TJIEKAH (Itanist) acmipanT Bitamit TAHYJINY
np. Jlamita ITAPMA (Tumis) acmipant Cranicnas [TABJIEU
np. angop AEMEII (Yromuna) acmipanT Bacuns [IMCKAY

acmipant Muxaitno TOMUIINH
acmipanrt [lerpo ABOPCBbKUN
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PREFACE

It is with great honor and anticipation for the future of science that we present the
Book of Abstracts of the International Conference of Young Scientists and Post-
Graduate Students IEP-2025, held in the picturesque and culturally rich city of
Uzhhorod, Ukraine. This conference represents a significant academic tradition of
Institute of Electron Physics NAS of Ukraine, fostering the scientific growth and
development of the next generation of physicists, while also promoting international
cooperation and interdisciplinary research.

The IEP-2025 conference brought together a diverse group of young scientists,
early-career researchers, and graduate students from across Ukraine and abroad. It
provided a welcoming platform for the presentation of cutting-edge research, open
scientific discussion, and the establishment of collaborative networks among emerging
scholars. By offering the opportunity to engage with peers and experienced scientists
alike, the conference continues to serve as a vital step in the professional journey of
many researchers.

This year’s conference covered a broad spectrum of contemporary topics in
physics, reflecting both foundational areas of inquiry and the forefront of technological
advancement. More than 60 reports covered the following thematic areas:

» Physics of collisions of electrons, atoms, ions, molecules, and photons.

» Atomic and molecular spectroscopy.

* Nonlinear optics and laser physics.

» Physical and chemical fundamentals and technology of fabrication, treatment,

and application of microscopic and mesoscopic crystals, films, and glasses.

* Low-energy nuclear physics.

* Radiation safety, anthropogenic environmental safety.

» Theoretical physics.
The authors of the best presentations were awarded the conference diplomas.
First rank diploma — Oleh Yermakov (V. N. Karazin Kharkiv National University,
Kharkiv, Ukraine).
Second rank diploma — Ignas Lukosiunas, Vilnius University, Laser Research

Center (Vilnius, Lithuania).
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Second rank diploma — Kateryna Vilchynska, Taras Shevchenko National
University of Kyiv (Kyiv, Ukraine).

Third rank diploma — Dmytro Kunytskyi, E.O. Paton Electric Welding Institute
of the National Academy of Sciences of Ukraine (Kyiv, Ukraine).
Third rank diploma — Ivan Vertehel, Institute for Nuclear Research of the
National — Academy  of  Sciences of  Ukraine  (Kyiv,  Ukraine).
Third rank diploma — Oleh Demianyk, V.N. Karazin Kharkiv National University
(Kharkiv, Ukraine).

Special diplomas for promising young scientists were awarded to two school
students who demonstrated a high level of scientific research despite their age:
Special Diploma — Tymofii Shudra, “Basis” Private Research School (Kyiv,
Ukraine).

Special Diploma — Oleksandr Banduryn, Uzhhorod Scientific Lyceum of the
Zakarpattia Regional State Administration (Uzhhorod, Ukraine).

It is also worth noting the review lectures from experienced scientists who were
invited to report at the conference, namely Serhiy Perepelitsa, director of the M.M.
Bogolyubov Institute of Theoretical Physics NAS of Ukraine, Tetyana Obikhod, senior
researcher of the Institute for Nuclear Research of the NAS of Ukraine, Oksana Plekan,
researcher of the International Research Center "Elettra Sincrotrone Trieste", Julius
Jellinek, senior researcher of the Argonne National Laboratory, Anna Ostroverkh, head
of the laboratory of the .M. Frantsevich Institute for Problems of Materials Science
NAS of Ukraine, and Stanislav Vilchynsky, head of the department of quantum field
theory of the Taras Shevchenko National University of Kyiv.

The range and quality of the abstracts presented in this volume reflect the
intellectual vitality of the participating researchers. Each contribution has been
reviewed for scientific merit and clarity, ensuring that the contents of this publication
meet high academic standards.

Beyond its scientific purpose, the IEP-2025 conference served as a meaningful
venue for mentorship, inspiration, and the reinforcement of values essential to the
scientific community—rigor, openness, creativity, and cooperation. Participants were

encouraged to think critically, challenge conventional ideas, and pursue bold questions.
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In doing so, the conference not only highlighted present achievements but also laid the

groundwork for future discoveries and innovations.

We extend our sincere gratitude to all who contributed to the success of IEP-2025:

the organizing committee, scientific reviewers, session chairs, invited speakers, and,

most importantly, the young scientists whose work gives life to this event. Special

thanks go to the Ukrainian Armed Forces for enabling us to organize such scientific

meetings and continue our research activity.

We are confident that this Book of Abstracts will serve as a valuable reference for

readers interested in current developments across multiple domains of physics. We

wish all participants new scientific achievements and look forward to new meetings.

Dr. Eugene OLEINIKOV,
Chair of the Organizing Committee

Programme Committee
Chairperson: Dr. Anna GOMONALI,
Member Nat. Acad. Sci. Ukr.

Corr.

Vice Chairperson: Prof. Anatoly ZAVILOPULO

Members of the Programme Committee:
Prof. Alexander GOMONNALI (Ukraine)
Prof. Volodymyr MASLYUK (Ukraine)
Prof. Peter KOPCANSKY (Slovakia)
Dr. Eugene REMETA (Ukraine)

Dr. Yuriy AZHNIUK (Ukraine)

Dr. Valdas JONAUSKAS (Lithuania)
Dr. Oksana PLEKAN (Italy)

Dr. Lalita SHARMA (India)

Dr. Sdndor DEMES (Hungary)
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Yxropon, 20-23 tpasast 2025 Uzhhorod, May 20-23, 2025
®I3UKA JTHK:
BLJI BIOJIOTTYHUX ®YHKIUIHN 10 TEXHOJIOTTYHUX
3ACTOCYBAHbD

C.M. Ilepenenuns

Incmumym meopemuunoi gizuxku in. M.M. bozonroboea HAH Ykpainu, Kuis
e-mail: perepelytsya@bitp.kyiv.ua

Y 40-x pokax MHHYJOTO CTOJITTS CTajl0 3PO3YMLIO, IO HOCIEM T'€HETHYHOI
iHpopmarii € wmonekyma JIHK. Ile Oymo mpomeMOHCTPOBAaHO B 3HAMEHHUTHX
excnepumenTtax EitBepi, MakJleoga Ta MakKapti [1]. BigkpuTTs cipyuuHUIO 3HAYHUN
iaTtepec 1o JIHK, oco6muBo 110 ii CTpyKTypH, OCKUIBKHA OyJI0 OYEBUAHO, 110 PO3KPUTTS
MIPOCTOPOBOI OYyZ0BH J103BOJIUTH 3pO3YMITH MEXaHI3M KOJyBaHHS CIIaIKOBOI 1H(OpMAIIii.
Ha Toit wac yxe Oyno Bigomo, mo JJHK cknanaerscss 3 4OTUPbOX THUIMIB HYKJICOTHIIB:
aneHiny (A), tuminy (T), ryaniny (I') 1 uurozuny (11). V¥ 1949 pomi ximik Epsin Yapradd,
akui HapoauBcsi B YepHiBisix, BusiuB, o B JIHK Oynb-sikoro opranizmy KuIbKICTh
aJICHIHY JIOPIBHIOE KIJIbKOCTI TUMIHY, @ KUIBKICTh I'yaHIHY — KUIBKOCT1 uTO3uHy [2]. Lle
CTaJIo BIJJOMUM SIK ITpaBUiia KoMmruieMeHTapHocTi Yapradda.

[Ipote HasBHMX AaHUX OyJO HEAOCTATHHO, 0O MOOYAYBaTH MOAENb CTPYKTYpPH
JHK. /Ins uporo notpioHo OyJio MaTu ysIBIEHHS NPO MPOCTOPOBY OPraHi3allilo aTOMIB Yy
MOJICKYJIl. €IMHUM METOJO0M Ha TOWM MOMEHT, III0 MIT HaJaTH Taky iHQopmariito, OyB
PEHTICHOCTPYKTYpHUN aHalli3, KM Ha TOW 4Yac aKTMBHO po3BUBaBcs. Came 3aBISKU
oMy MeTony rpymna Mopica Binkinca 1 Pozaning ®pankiin y KoponiBcbkoMy Komemki
OTpUMaJia Ba)XXJIMB1 €KCIIEpPUMEHTANIbHI JaH1. X04Ya BOHM IIPALIOBAIIM B OJH1H Jlabopartopii,
iXHI TPyIU BEJIU JOCTIIKEHHS HE3aJIEXKHO.

Cnuparounch Ha pe3ysbTaTH PEHTTEHOCTPYKTYPHOTO aHali3y Ta BIAOMOCTI PO
mosekynu JIHK, y 1953 pomi JIxeiimc Yorcon 1 @pencic Kpik 3anpononyBaiu MoJeb
ctpykrypu JHK y Burmsai moasiviHoi cmipami (Puc. 1 3miBa) [3]. s monens
y3roJKyBajlacsi 3 HasBHUMHU EKCIEPUMEHTAIbHUMU JIaHUMHU PEHTTEHOCTPYKTYPHOTO
aHamizy Yinkinca [4] 1 ®pankimin [5], mosicHIOBaia MpaBuia KOMIUIEMEHTApHOCTI
Yapradda Ta iami Bigomi paktu. Y 1962 poi 3a 1ie BiagkputTs YorcoH, Kpik 1 Binkiac
orpumanu HoOGemiBcbky mpemiro 3 ¢iziosiorii Ta meaunuau. Po3zaming DpaHkiiH He
JI0KUJIA IO TOTO Yacy ¥ He MorJja MpeTeHAyBaTH Ha 110 Haropo/y, Xoua Cy4acH1 ICTOpUYHI
JOCIIJKEHHS MMIJIKPECTIOITh ii KIOYOBY pOJib Y IIbOMY HAyKOBOMY JIOCSITHEHHI. Y
JI0TIOB1/11 Oy/ie HABEJIEHO KOPOTKUM 1ICTOPUYHUN HAPHUC TOTO 3aXOTUTIOIOYOTO 1 BOJHOYAC
CKJIQJIHOTO MLUISAXY, SKUA MPOMIIIM JOCTIAHUKHU JUIsl TOTO, adu po3rajaTH TAE€MHUIIO
TOJIOBHOT MOJIEKYJIH KHUTTSL.
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VYxe 3 nmepmmx pobOiT Yorcona, Kpika, Binkinca 1 ®@pankiain Oyno BiOMO, IO
ctpyktypa Monekynu JIHK cyTreBo 3amexuTh Bil yYMOB  HAaBKOJHUIIHBOTO
cepenoBuma [6]. Ile moB’s3aH0 3 TUM, 1110 a3otrcTi ocHOBH JIHK € rigpodobHMMYU (BoHH
MparHyTh YHUKATH KOHTAKTy 3 BOJIOIO), TOJI SIK (hocdaTHI rpymu, po3TalioBaHi HA30BHI
noJBiiHOI cripaii, € riapodinbuumu. @ocharu JJHK HecyTs HeraTuBHUi 3apsia (—€) 1y
BOJHOMY CEPEJOBHILI HEUTPATI3yIOTbCS MO3UTHUBHO 3apsipkeHuMuU 1oHamu (Puc. 1
nocepeauni). Taki ionn JIHK HazuBaroTh npotuiioHamu. [IpoTuiioHamMu MOXYyTh OyTH
10HM MeTaliB (Hanmpukiaa, K, Mg?), abo MoJIeKyJIsIpHI 10HU, HaNpuKiaa, nojiamiau (Puc.
1 cmpaBa). TakuM YuHOM, OOOB’A3KOBUMH yMOBaMH JJsi (OpPMyBaHHS CTaOUIbHOI
noagiviHoi cmipani JIHK € moctatHs rigparaiis (HasBHICTH BOJAHOTO CEPEIOBHUINA) Ta
HAsIBHICTh IPOTHIOHIB.

Docdar
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Puc. 1. Iloagiitaa ciipans JIHK Ta mo3utuBHO 3apsmkeHi HOHU (IIPOTUHOHM ), 1O
HEUTPaNi3yIOTh HEraTUBHUHN 3apsi]] MAKPOMOJIEKYJIH.

Y 3B’A3Ky 3 B@XIUBICTIO MPOTHHOHIB s crabumizamii crpykrypu JIHK
MEPIIOYEPTOBUM 3aBJAaHHSIM € 3PO3YMITH SIKHM YHHOM TPOTHHOHU pPO3TAIIOBYIOTHCS
HaBKOJIO MOJBIMHOI cripaii. B 1ibOMy KOHTEKCTI OJHI€I0 3 MEPIIMX MOJIENICH, sika Jaja
neBHe (i3uUHE YSBICHHS Mpo po3noaul npotuiioniB Haskosno JHK, crama mopens
Mamnmninra [7]. Jlana moaens npencrasisie JIHK sk manIroxok 3apsiiB, 10 po3TaioBaHi
OJIMH B1Jl OJJHOTO BIAMOBIIHO J0 BEJIMYMHHM JIIHIMHOI T'YCTUHU 3apsly MaKpOMOJIEKYJH, a
MPOTUMOHU PO3TIISIAIOTHCS K 3apSAKEHIUI KOHTUHYYM. 3a IOTIOMOTOIO0 ITi€1 Moieni 0yo
OJIep)KaHO HAI3BUYANHO BaXJIMBUN SKICHUW peE3yibTaT — TOKA3aHO, M0 MPOTUHOHU
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KoHJeHCytoThes Ha JIHK, yTBOproroun map i0HHOT aTMoc(epu HABKOJIO MaKPOMOJIEKYIIH.
[li3nime Oynu po3BUHYTI OUTBIN JOKJIAgHI MOZeli Ha ocHOBI piBHsHHA Ilyaccona-
bonbimana, gki JO3BOJMWIM JETajlbHIIIE OMUCATH PO3MOMALT MPOTUHOHIB HABKOJIO
JIHK [8].

He3Bakarouu Ha yCHiX NOJIEIEKTPOIITHUX MOJEIEH, BOHU B CHITy CBOiX OOMEKEHb
HE JIal0Th MOJJIUBICTH JOCTIKYBaTH €(QeKTH crnenudiuHOCTI MPOTUMOHIB, a TaKOXK
ocobnuBoCTI cTpykTypu noaBivHoi coipam JIHK. B IHcTuTyTi TeopeTnuHoi Bi3UKH 1M.
M.M. boromob6oa HAH Vkpainu Oyno po3poOieHO Miaxif, KWW IPYHTYETbCS Ha
OpOTWIICKHIN i7ei, a came Ha Tomy, mo JIHK 3 mpoTtuiionamu po3risgaeTscs HE SIK
KOHTHHYYM, a K BIIOPSJIKOBaHA CTPYKTYpa y BUTIIA1 rpaTKu ioHHOTO TUMY [9,10]. Takwmii
MIIX11 1TaB MOXJIMBICTh JOCTIAUTH KoiuBaHHs npotwiioHiB JIHK Ta BM3HAumTH MOIM
cnenupiuHuX 10H-PocPaTHUX KOJMBAHb y BUNAAKY 10HIB JykHuUX MetamB [11,12].
3aranoM KOHIUEIIis JuHaMIgHOi 10H-(pocdaThoi rpatku JJHK BusBMiIacs miiaHoOw i
OMHCAHHS PI3HUX EKCIEPUMEHTAIBHO CIOCTEpEKYyBaHUX e(eKTiB. Y JomoBiai Oyne
HABEJICHO KOPOTKUM OTJISIJT PO3BUHYTOI KOHIIEHIIIT AMHAMIYHOI 10H-()oc(haTHOI IpaTKu.

3 iHIIOTO OOKY, OKPIM aHAIITUYHUX Mojeinel, s nociimkenns cucrtemu [JHK y
BOJTHOMY CEpPEIOBHINI 3 10HAMU HAJA3BUYAWHO IUIJHUMU € METOJIU YHUCIOBOTO
MOJICJIIOBaHHSA. BIpoIoBXK OCTaHHIX J€KaJl II METOAM HalyJid CYTTEBOIO PO3BUTKY 1
chopMyBaii OKpeMy Trally3b, sika 3 0JTHOr0 OOKY JOMOBHIOE €KCTIEPUMEHT, a 3 IHILIOTO OOKY
€ MICTKOM JI0 aHAIITUYHUX (PI3UYHUX MOJIETIEH, [0 OMUCYIOTh OKpeMi epeKTH. Y JAO0MOBIII
OyJie OKpECIIEHO Cy4acHI METOM YMCIOBOTO MOJICITIOBAHHS HA PI3HUX PIBHAX OopraHizaiii
Mosiekyan JIHK Big enekTpoHHOTO, A€ 3aCTOCOBYIOTH METOAM KBAHTOBOI XiMii, 10
ATOMICTUYHOTO Ta ME30CKOIIYHOTO PIBHIB, JI€ 3aCTOCOBYIOTh METOJM MOJEKYJISPHOI
JUHAMIKM Ta KPYIMHO3EPHUCTI Mojeil. fIK MpuKIajg 3aCTOCYBAHHS LUX METOAIB Oyne
HaBeleHO pesyibTatd MmoxaemoBanHs JIHK 3 monexkynamu mnomiaminiB  [13,14] Ta
MOTUIOHAMH JTy>KHUX METaJIB 3 PI3HUM XapakTepoM rigpatamii [15,16].

OxpecJieHi BHIIE JOCTIIKEHHS CTPYKTYpPH Ta JTUHAMIKH 10H-T1ApaTHOT 0O0OJOHKHU
JIHK €, nmepi 3a Bce, BOXIMBUMHU JJI PO3YMIHHS (DI3UYHUX MEXaHI3MIB 010JIOTTYHOTO
¢ynkmionyBanua JIHK. TIpote, He3Baxaroun Ha KIIOUOBY O1OJIOTIYHY pPOJb, YHIKAIbHI
BractuBocTi MoJsiekynu JJHK poOGsTs 11 mpruBaOIuBOIO /ISl 3aCTOCYBAHHS SIK MaTepiary
JUTSl PO3BUTKY pi3HOTO poay HaHoTexHoorik. JIHK-nanoTexHonorii 6epyTh CBil moYaTok
3 80-X pOKIB MUHYJIOTO CTOJIITTA 1 HAOYJIM CTPIMKOTO PO3BUTKY IMIPOTATOM OCTAHHIX JBOX
necATWIiTh. Y gomoBiai Oyae okpecieHo pizHi Buau JHK-HaHnotexHosorii, 30kpema,
JNHK-opirami, JHK-nanomotopu Ta wmoxinuBicth mno0ynoBu JIHK-kBanTtoBOTO
KoMI toTepa. binbi getansHo Oynie odroBoproBatucs 3actocyBanHs JJHK B miTiii-ionHux
Oarapesx [17,18] Ta dpynaameHnTanbHi1 MpoOaeMH, SIKi y 3B’SI3Ky 3 LIUM BUPINIYIOTHCS 32
JOTIOMOTOI0 METO/Y MOJIEKYJIIPHOI TUHAMIKH.

[1] M. Avery, O.T., MacLeod, C.M. and McCarty, J. Exp. Med. 79, 137 (1944).
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3ACTOCYBAHHA TOIIOJIOI'TYHUX IHBAPIAHTIB AJIA OIIUCY
HAJIMPOBIJJHOI EJEKTPOHIKH HA OCHOBI T'PA®GEHY

T. O01xox

Inemumym si0epnux docnioxcenv HAH YVrpainu, Kuis

e-mail: obikhod@kinr.kiev.ua

3acTocyBaHHS TOIOJOTIYHUX 1HBAPIAHTIB JI0 OMUCY HAJIIPOBIIHOI €IEKTPOHIKA Ha
OCHOBI T'pa)eHy € HOBHM HAIIPSAMKOM Yy (i3Il KOHJAEHCOBAHUX CEPEIOBHII. Y HIKaJIbHI
CJIEKTPOHHI BJIACTHBOCTI, MpUTaMaHHI TpadeHy, y TO€AHaHHI 3 HOro JBOBUMIPHOIO
CTPYKTYPOIO  JIO3BOJISIIOTH ~ JIOCHTI/DKYBaTH HOBI  SIBHINA, 30KpEeMa TOTMOJOTIYHY
HaJIPOBIIHICTb. [HTErpallisi TONOJIOT1YHUX 1HBAPIAHTIB, 30KpeMa urcesn YepHa 1 KpalloBUX
CTaHiB, y TEOPETUYHY OCHOBY HAJIMPOBIAHUX Tpa)€HOBUX CHCTEM € BAXKIUBOKO IS
MOTJIMOJICHHSI HAIIIOTO PO3YMIHHS Ta 1H)KEHEPHUX MOKIIUBOCTEH Y 11N ramy3i.

BUHATKOBI €JIEKTPOHHI XapaKTEPUCTUKU TrpadeHy 3yMOBJIECHI HOro JHIHHOIO
30HHOIO JIMCIIEPCIEI0 Ta BUCOKOIO PYXJUBICTIO HOCIIB. Lli BiIacTMBOCTI MOJErNIyIOTH
peanizalilo pi3HMX KBAHTOBHUX CTAHIB MiJi BIUIMBOM 30BHINIHIX MAarHiTHUX MOJIB a0o
B3aemo1id. HemogaBHi 1ocaiKeHHs 3'sICyBaH, sIK TOIOJIOTTYHI IHBap1aHTH MOXKYTh OyTH
BUKOPUCTaHI JUIsl Kiaacugikaiii pi3Hux ¢a3 y HaANpOBIIHUX TpadeHoBUX cucTemax [1].
3o0Kkpema, TOCTIKEHHSI IIUIMHHUX KIpAJIbHUX XBUJILOBUX HAAPOBIIHUX CTAaHIB IOKA3aJlo,
10 111 KOH}Irypallii MatoTh HEHYJIbOBI uncia YepHa, siki BKa3yrOTh Ha iXHIO TOMOJIOT1UHY
npuponay [2]. Taki pe3yabTaTi MiIKPECTIOIOTh KPUTUUHY POJIb, SKY BIJITPA€E TOMOJIOTIS Y
BH3HauYCHHI (pa30BOi MOBEAIHKH Ta CTAOLIBHOCTI ITUX €K30TUYHUX HAAMPOBITHUX CTAHIB.

binbme TOro, Oylio MNPOAEMOHCTPOBAHO, WO Wi 4yucaa YepHa He JuiIe
XapaKTepu3yrTh 00'€MHI BJIACTUBOCTI, ajie 1 BU3HAYAIOTh SIBUINA KPAaOBUX CTaHIB, K1
MalTh BHpIIIAJIbHE 3HAYEHHS [JI1 MPAKTHYHOIO 3aCTOCYBaHHS B HAJIPOBIAHIN
enekTpoHili. KpaiioBi cTaHM, 110 BUHHMKAIOTh BHACHIIOK HETPUBIAIBHOI TOIMOJOTIi, €
NUISIXaMU JJIS TPaHCTIOPTY Oe3 Jucumallli Ha TPAHMIIX, 110 € KUTTEBO BAXKIWUBHUM IS
MIBUILEHHS MTPOYKTUBHOCTI MPUCTPOIB. Y I[bOMY KOHTEKCTI PO3YMIHHS TOTO, SIK Pi3HI
napamMeTpu — Taki SK XIMIYHUW MOTEHIIan a00 aMIUNTyAW MapamMeTpiB TMOPSAKY —
BIUTMBAIOTh Ha po3moji uucen YepHa, ctae HEOOXITHUM i CTBOPEHHS MartepiajiB 3
0akaHOIO EJIEKTPOHHOIO MOBEIAIHKOIO.

VYHiKalbHI BIaCTUBOCTI rpad)eHy BKIIOUYAIOTh:

® JIHIMHUI 3aKOH JUCTEPCii eeKTPOHIB Mo0IM3y Touok Jlipaka, 110 mpu3BOAUTH 10

MOSIBU MaCUBHUX O€31IITLOBUX (PEPMIOHIB;

BUCOKY MOO1JIbHICTH HOCIIB 3apsy;

MOKJIUBICTh 3MIHIOBAaTH HOTO €JIEKTPOHHY CTPYKTYpy dYepe3 30BHIIIHI MOJs,

nedopmMariii a00 B3aEMOJIi10 3 IHITUMH MaTepiagaMHu.
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[loeqnanus rpadeHy 3 HaANPOBIAHMKAMHU a00 IHIIMMHU MarepiajlaMd MOXYThb
MPU3BOJIUTH 10 HACTYITHUX TOTIOJIOTTYHUX CTaHIB:
- MaiiopaHiBCcbKi ()epMiOHM — KBa31YaCTUHKU € BJIACHUMHU aHTHYACTUHKAMHU, IO
BaYKJIMBE JIJIs1 KBAHTOBHX OOYHCIICHb.
- TomonoriuHa HaAIPOBITHICTH — CTaH, y SIKOMY HaJIIPOBITHICTh BUHUKAE 3aBISIKU
TOTIOJIOTYHUM BJIACTUBOCTSIM CUCTEMH.
TomosioriyHl 1HBapiaHTU JJi1 ONHUCY TpadeHOBUX CHUCTEM JalOTh MOJXKJIHUBICTH
BU3HAYWTH, YU TlepeOyBae CcUCTeMa y TpPUBIAIBHIA YW HeTpuBIaibHIN a3l [3].
Tomonoriuauii inBapianT aii Yepra-CiMoHCa BUZHAYAETHCS (POPMYIIOIO:

1 3 pvid
S =——=k|dxse ada
() 2 ‘I pow A’

Jie ao; — Kaniopysanshe mone U(1), 0p%99 — anrucumeTpraHnii cuMBOIL, k — KOHCTaHTa.
VY HeTpuBianbHIl a3l cucTeMa MOKe MiITPUMYBaTH MailopaHIBCbKI MO Ha CBOiX
Kpasx abo JOMEHHHX CTIHKaX, a y TpUBIaJIbHIN (a3l Taki MOAM BIACYTHI. Z,-IHBapilaHTH
JI03BOJISIIOTH TIepeI0ayuTH ICHYBaHHS MalOpaHIBCHKUX MOJ, 1[0 BUHUKAIOTh Ha Kpasx
rpadgeHy abo y Toukax 3'€qHAHHA 3 HAAMNPOBIIHUKOM. 3MiHa yucia YepHa abo Z;-
1HBapiaHTa MOXE CUTHANI3yBaTU MPO MepexiJi MK TPHUBIAJBLHOIO Ta HETPUBIAIILHOIO
¢dazamu. Taki TOMONOTTYHI 1HBApIaHTU MOXKYTh OYTH BU3HAUEHI €KCIIEPUMEHTAIBHO Yepes:
BUMIPIOBaHHA TMPOBIJHOCTI HA Kpasgx CcUCTeMHU (KpaeBl CTaHW), CHEKTPOCKOIIIIO
TYHETBHOTO CTPYMY JJisSi BHUSBIICHHS MalOpPaHIBCHKMX MOJ Ta BUBYEHHS KBAHTOBHX
OCIWJISIIIIN, TAKUX SIK KBAHTOBH edekT Xoiua.
BukopucTtaHHs TOMOJOTIYHUX I1HBAPIAHTIB JUIsi OMHUCY TpadeHOBUX CHUCTEM
B1JIKPUBAE IMIHUPOKI MOXKIIUBOCTI JIsl pO3POOKH HOBUX TEXHOJIOTIi [4]:
1. KBanrtoBi komm'torepu: MaitopaHiBCbKi (hepMIOHU MOXYTh OYTH BUKOPUCTaHI1 JJIst
CTBOPEHHSI TOTOJIOTTYHHUX KYOITIB, K1 € OLIBII CTINKAMHU JI0 30BHIIIHIX IITyMiB.
2. HanmpoBigHI TpaH3UCTOPHU: TOMOJOTIYHI CTaHM MOXYTh 3a0€3MEUUTH BUCOKY
€()EeKTUBHICTb 1 HU3bKE EHEPTOCIOKUBAHHS.
3. CmiHOBa eJeKTpOHIKa: TpadeH 3 TOMOJOTIYHUMHU BJIACTUBOCTSIMU MOXE OyTH
BUKOPUCTAHUM JJI1 CTBOPEHHS IPUCTPOIB, IO MPAIIOIOTH 31 CIIHOBUMHU CTPYMAaMH.

BucHoBxku

TormosoriuHi iHBapiaHTH € MOTYKHUM 1HCTPYMEHTOM JIJIsl OMTUCY Ta MPOTHO3yBaHHS
MOBEIIHKH HAJIITPOBIAHUX CUCTEM Ha OCHOBI rpadeHy. BoHu 103BOJISIOTH KiIacu(iKyBaTH
TOMNOJIOT14HI a3y MaTepii, nepeadayaTH ICHyBaHHS MalOPaHIBCbKUX (PEPMIOHIB Ta 1HILIHUX
€K30TUYHHUX CTaHIB, a TAKOX PO3POOJIATH HOBI MPUCTPOI ISl KBAHTOBUX OOYHCIICHb Ta
HaHOEJIEKTPOHIKHU.

VY noenHaHHI 3 YHIKQIBHUMH BJIACTUBOCTAMH TpadeHy Ied Miaxia Mae MOTeHINall
CTaTH OCHOBOIO JJI1 HOBOT'O MOKOJIIHHS €J1eKTPOHHUX MPUCTPOIB.
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APPLYING DIFFERENT X-RAY SPECTROSCOPY
TECHNIQUES FOR STUDYING GASEOUS HETEROCYCLIC
COMPOUNDS: 2(5H)-THIOPHENONE

O. Plekan'*. A. Ponzi?, C. Grazioli’, M.Coreno’, M. de Simone*, F. Morini°,
E. Bernes®, G. Fronzoni® and D. Toffoli*®
"Elettra-Sincrotrone Trieste S.C.p.A., in Area Science Park, 34149 Basovizza, Trieste,
Italy,
2CNR-Istituto dell’Officina dei Materiali (IOM), area SISSA, 34136, Trieste, Italy,
3CNR-Istituto di Struttura della Materia (ISM), 34149 Basovizza, Trieste, Italy,
*CNR - Istituto Officina dei Materiali (IOM), 34149 Basovizza, Trieste, Italy,
SUHasselt, X-Lab, Agoralaan, 3590 Diepenbeek, Belgium,
Dipartimento di Scienze Chimiche, Universita degli Studi di Trieste, Trieste, Italy.
*oksana.plekan@elettra.eu

Heterocyclic compounds are fundamental building blocks in the synthesis of many
organic complexes. This work deals with the heterocyclic compound containing one sulfur
atom as part of the ring, as well as one oxygen atom, named 2(5H)-thiophenone (C4sH40S)
(see Fig. 1). The large number of reports pertaining to the synthesis of different
heterocycles and its derivatives corroborates the continuing intrigue and importance of
these compounds in biology, chemistry, industry and medicine [1]. For example,
substituted derivatives of 2(5H)-thiophenone are used in treatment of about 30 most
common diseases such as hypertension, infarction, ischemia, arrhythmias, asthmas,
atherosclerotic disorders, angina, cancer, stroke and diabetes [1, 2].

Fig.1. Schematic structure of 2(5H)-thiophenone with nonequivalent carbon atoms
numbering.
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For several decades excited states of heterocycles attracted particular attention, as
these molecules constitute the smallest building block of oligo and polythiophenes-
materials extensively used in organic electronics [3]. Electrocyclic ring-opening reactions
are promising candidates for building molecular switches and serve as benchmark systems
for fundamental, light-driven biochemical reactions [4]. In this regard, using time-resolved
XUV photoelectron spectroscopy techniques the full ultrafast photochemical cycle (from
photoexcitation, ring opening, through to the subsequent ground state dynamics) of
gaseous 2(5H)-thiophenone has been investigated [5].

In view of the mechanism of biological, medical and photochemical importance of
2(5H)-thiophenone, a comprehensive analysis of its electronic structure under isolated
conditions becomes crucial. Herein, electronic structure of 2(5H)-thiophenone in the gas
phase was investigated by ultraviolet photoelectron spectroscopy (UPS) and x-ray
photoemission spectroscopy (XPS) and near edge x-ray absorption fine structure
(NEXAFS) spectroscopy at the C 1s, O 1s and S 2p edges. All assignments of the
experimental results are supported by both ab-initio electron propagator OVGF
calculations for the valence photoemission bands and density functional theory (DFT) and
relativistic time dependent DFT calculations for the core levels XPS and NEXAFS spectra

[6].

[1] A.R. Katritzky, C.A. Ramsden, E.F.V. Scriven, R.J.K. Taylor. Comprehensive
Heterocyclic Chemistry III (Elsevier) (2008).
[2] K. A. Berryman, A. M. Doherty, J. J. Edmunds, W. C. Patt, M. S. Plummer, J. T.

Repine. World Intellectual Property Organization, Warner-Lambert Company, No.
002165567A (1995).

[3] H. Meng, Z. Bao, A.J. Lovinger, B. Wang, A. M. Mujsce. J. Am. Chem. Soc.
123 9214 (2001).

[4]J. P. F. Nunes et al. ] Am Chem Soc. 146 4134 (2024).

[5] S. Pathak et al. Nat. Chem. 12 795 (2020).

[6] O. Plekan et al. J. Phys. B: At. Mol. Opt. Phys. 58 015101 (2025).
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REVISITING THE FUNDAMENTAL NOTION OF TEMPERATURE
AND INTRODUCING DYNAMICAL DEGREES OF FREEDOM

J. Jellinek

Argonne National Laboratory, Lemont, lllinois 60439, USA
e-mail: jellinek@anl.gov

An overview of the fundamental notion of temperature in physics is presented that
includes its brief historical retrospective and thermodynamical and statistical mechanical
origins, as well as its connection to dynamics [1]. The specific aspects of the notion of
temperature in small (“nano’) systems, which arise from the violation of the equipartition
theorem and the consequent loss of the intensive nature of temperature as a state variable
in these systems, are discussed an analyzed [2]. The notion of dynamical temperature for
subsystems of a small isolated system (these subsystems do not correspond to the
conditions of either the microcanonical or canonical ensemble) is introduced [3]. New, so-
called dynamical degrees of freedom — as an alternative to the traditional (kinematical)
degrees of freedom — that restore the intensive nature of temperature in small systems are
defined [2,3]. All the discussed aspects are illustrated through applications to small one-
and two-component (alloy) metal clusters [2,3]. The utility of the subsystem temperatures
as a tool for characterization of the differences in the thermal responses of the element-
specific components of a nanoalloy to an increase of its internal energy is demonstrated.
The power of the dynamical degrees of freedom in unravelling and understanding the most
refined dynamical details of the complex, multistage phenomenon of “cluster melting” — a
finite-size analog of bulk melting, which is a sharp first-order phase transition in crystalline
bulk materials, — 1s illustrated. The analysis encompasses the characterization of the added
dynamical intricacies in the melting of nanoalloys as compared to those in the melting of
their one-component counterparts.

[1] E.M. Pearson, T. Halicioglu, W.A. Tiller, Phys. Rev. A 32, 3030 (1985).
[2] J. Jellinek, A. Goldberg, J. Chem. Phys. 113, 2570 (2000).
[3] D. Aleinikava, J. Jellinek, ChemPhysChem 24, €202300184 (2023).

* This work was supported by the Office of Basic Energy Sciences, Division of Chemical
Sciences, Geosciences and Biosciences, U.S. Department of Energy under Contract No.
DE-AC02-06CH11357.
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HYDROGEN IN FOCUS: UNVELLING THE SCIENCE
AND FUTURE OF FUEL CELL TECHNOLOGIES

A.S. Ostroverkh

Technical University Darmstadt, Darmstadt, Germany
Institute for Problems of Materials Sciences, Nat. Acad. Sci. Ukr., Kyiw, Ukraine
e-mail: anna.ostroverkh84@gmail.com

Modern energy consumption is driving us toward an imminent crisis. Rapid
economic development and population growth have led to an aggressive depletion of fossil
fuel reserves. At the same time, burning these fuels increases CO, emissions that warm our
planet and cause ecological disruptions — like ocean acidification and desertification — as
well as health problems, including cardiovascular and respiratory diseases. Transitioning
away from fossil fuels is now an urgent imperative [1].

To address these pressing challenges, scientists, engineers, and policymakers are
rallying behind the goal of achieving a zero-carbon energy system by 2050 [2—4]. Central
to this transformation is hydrogen. Hydrogen, as a primary energizing molecule, has
emerged at the forefront of this transformation strategy. As the simplest and most abundant
element in the universe, hydrogen serves as a versatile energy carrier that can facilitate the
storage, transport, and utilization of energy in various sectors. When hydrogen is utilized
as a fuel, the ignition is not about combusting it in the traditional sense; it is about
harnessing the energy stored in its chemical bonds. For instance, the energy released from
breaking the strong H-H bond (which is around 436 kJ/mol) is what fuels the
electrochemical processes that convert chemical energy into electrical energy. When
produced via water electrolysis using renewable energy (green hydrogen), it offers a
sustainable, zero-carbon pathway for future energy systems.

Existing energy infrastructure — such as pipelines and storage systems — can often
be adapted for hydrogen, making it an attractive bridge to a carbon-neutral future.

Fuel cell technology capitalizes on this energy. Unlike traditional combustion
engines that lose much of the energy as waste heat, fuel cells convert the energy locked in
hydrogen’s chemical bonds directly into electricity through electrochemical reactions.
Unlike traditional combustion engines that waste energy as heat, fuel cells convert the
chemical energy of hydrogen directly into electricity through an electrochemical process.
This concept, first demonstrated in 1839 by Sir William Grove [5], has evolved to power
a range of applications, from vehicles to stationary and portable power systems.

Fuel cells come in several types, each suited to different conditions and applications.
Their characteristics include:

o Proton Exchange Membrane Fuel Cells (PEMFCs): Operate at low
temperatures (50—100°C); ideal for transportation and portable devices.
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o Solid Oxide Fuel Cells (SOFCs): Operate at high temperatures (500—
1000°C); best for stationary power applications with fuel flexibility.

 Alkaline Fuel Cells (AFCs): Once used in space missions; their sensitivity
to CO; limits broader terrestrial use.

o Molten Carbonate Fuel Cells (MCFCs): Function at moderate
temperatures (600—700°C); suited for combined heat and power applications.

o Direct Methanol Fuel Cells (DMFCs): Operate at low temperatures;
enable the direct use of methanol when hydrogen storage is a challenge.

At the core of every fuel cell lies the Membrane Electrode Assembly (MEA). The
MEA is a layered structure comprising: an electrolyte membrane that selectively conducts
ions while blocking gases and two electrodes that include catalyst layers (usually
containing noble metals like platinum) and gas diffusion layers.

For example, in a PEMFC, hydrogen molecules adsorb on the catalyst at the anode,
splitting into protons and electrons. The electrons travel through an external circuit to
produce electricity, while the protons pass through the membrane to the cathode, where
they recombine with oxygen to form water.

Although theoretical models predict that MEAs could achieve power densities of up
to 25 W cm™ (with electrolyte thicknesses of 5 — 10 um) [6], real-world performance falls
short. A platinum-based PEMFC with an 8 pm electrolyte might only reach about 4 W cm"
2 under an operating pressure of 300 kPa [7]. Similarly, high-temperature systems like
SOFCs and solid proton fuel cells (P-SOFCs) report power densities around 1.872 W ¢cm™
and 1.429 W cm™ respectively [8, 9]. These discrepancies not only highlight the
technological challenges involved but also accentuate the pressing need for a deeper
understanding and optimization of the MEA [10] design and its constituent materials:

« Catalyst degradation over time.
« Membrane aging and reduced ion conductivity.
« Gas crossover and water management issues and others.

Tackling these issues requires an integrated, multidisciplinary approach. Advances
in nanostructured catalyst design and the development of robust ion-conducting
membranes are key. There is also growing research into alternative catalysts; for instance,
substituting noble metals with iron-based catalysts could lower costs, though stability and
compatibility with conventional characterization methods (like XRD or RDE analysis)
remain challenges. Researchers increasingly rely on advanced techniques — including X-
ray Absorption Near Edge Structure (XANES), scanning and transmission electron
microscopy (SEM/TEM), Mossbauer spectroscopy and mass spectrometry — along with
computational modeling to optimize MEA design and performance.

Fuel cells are already making an impact today. They are powering fuel cell electric
vehicles (FCEVs), providing a longer range and quick refueling compared to many battery-
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electric options. They also deliver reliable, quiet, and clean stationary power for homes,
businesses, and remote communities. Even in specialized applications such as military
operations and portable electronics, fuel cells offer significant advantages.

Hydrogen and its derivative fuel cell technologies provide a crucial bridge from our
current fossil-fuel-dependent systems to a sustainable, zero-carbon future. In this talk, I
will explore hydrogen’s journey — from its role as a clean, abundant energy carrier to its
transformative application in fuel cells. I will delve into MEA design intricacies, and
examine why real-world performance often falls short of theoretical limits. And will share
insights from my own research on MEA level understanding including catalyst layers and
exploring innovative, non-precious metal alternatives to further enhance performance.

This overview sets the stage for a detailed discussion on how continued innovation
in hydrogen and fuel cell research can drive us toward a sustainable energy landscape.
Through a careful balancing of theory and practice, we can unlock the full potential of
these technologies to meet the challenges of a rapidly changing world.

[1] WHO air quality database 2022, (2022) .N. Smith, R.J. Brown, J. Chem. Phys.
36, 987 (2020).
[2] K. Malik, S. Singh, S. Basu, A. Verma, WIREs Energy and Environment, 6, €244
(2017).
[3] D.D. Zhu, J.L. Liu, S.Z. Qiao, Adv. Mat., 28, 18, 3423 (2016).

]J. Qiao, Y. Liu, F. Hong, J. Zhang, Chem. Soc. Rev., 43, 631 (2014).
[5] E. Katz, Electrochem. Sci. Adv.,3, €2300023 (2023).
[6] D.-K. Lim, H.-N. Im, S.-J. Song, Sci. Rep., 6, 1, 18804 (2016).
[7] M. Klingele, M. Breitwieser, S. Thiele, J. Mater. Chem. A, 3, 21, 11239 (2015).
[8] G. Meng, C. Jiang, J. Ma, Q. Ma, X. Liu, J. Power Sources, 173, 1, 189 (2007).
[9] Y. Pan, H. Zhang, K. Xu, Y. Zhou, B. Zhao, Appl. Catal. B: Environ., 306,
121071 (2022).
[10] A. Ostroverkh, V. Jokhanek, M. Dubau, P. Kus, I. Khalakhan, B. Smid, R. Fiala,
M. Vaclavu, Y. Ostroverkh, V. Matolin, Int. J. Hydrogen Energy, 44, 35, 19344
(2019).
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T'EHEPAIISA JIEITOHHOI TA BAPIOHHOI ACUMETPIN
Y PAHHBOMY BCECBITI

C.U. BiapbuuHChKH

Kuiscvkuu nayionanonuu ynisepcumem imeni Tapaca Illesuenka, Kuis, Yxpaina
e-mail: stanislav.vilchinskii@cern.ch

Posrnsmaerbest reHepallis JIENTOHHOI 1 OapioHHOi acuMeTpii BeecBiTy y pamkax
posmpennst CtanaaptHoi Mojeni eneMeHTapHux yacTuHOK (CM) 1uisixoM BBEACHHS B
MOJICNIb TPAaBOKIpaIbHUX (CTepwiIbHUX) HeWTpuHo (VMSM). B pamkax Takoro
posiperHss CM MOXIIMBO OJHOYACHO TMOSICHUTU psll (PEHOMEHIB, IO HE 3HAXOMASITh
nosicieHHs1 B pamkax CranmaptHoi Mogaeni: 1) miBokipansHi HeTpuHo CM (akTuBHI
HEUTPUHO) CTAIOTh MACHBHHMMH, I1I0 HEOOXITHO J/JIs TOSCHEHHS SBUINA HEUTPUHHUX
OCLIWJIALIM; 2) y po3Majiax JBOX BaXKUMX MPOBOKIPATbHUX HEUTPUHO HA JIENTOHU 1 aIpOHU
TEHEPYEThCSl JIEITOHHA acuMeTpist BcecBitTy; 3) Haljermwii CTepuibHUM HETPUHO €
KaHAUAaTOM Ha POJib YaCTUHKU TeMHOi Martepii.

JlenToHHa acuMeTpis, sika FreHEpYeEThCs 110 enekTpociiadkoro nepexony (Tgy ~ 200
I'eB), nepenocutbea Ha OapioHHUN cekTop CM, BUpILIYIOUH, TAKUM YHHOM, MPOOIEMY
croctepexxyBaHoi OapioHHO1 acumertpli Bceecity. Ilicia enekTpocinaOkoro mepexomy
3reHepOBaHa JIETOHHA aCUMETPIs € BAKIIMBOIO Y TPOIIeCi HAPOHKEHHS YaCTUHOK TeMHO1
Marepii, o Mae Miciie npu temrepatypi nopsaky 0.1 T'eB. [Ins ycmimuoi renepairii
HEO0OX1THOT KIJIbKOCTI BIAMOBIAHUX YaCTMHOK HEOOX1THO, 100 i1 9ac IbOTO MPOIECY Y
Bcecniti Oyna MIPUCYTHS JIENITOHHA acuMeTpist
y kinpkocti 1073 < 4 < 2/11.

Jlarpanxian moaeni vMSM e takum:

o~ M
L= LSM + iVIR aﬂtuIR - FaILaCDVIR - %VICRV]R + h c., (1)

ne Ly — narpamxkiad CTaHgapTHOT MOJIeNl, Vg — depMioHH] GyHKIIIT MPaBOKIpaTbHUX
crepuwiibHuX Heitpuno (I = 1,2,3), mo € cuHrieramu mo BimHomieHHIO 10 SU(3) X
SU(2) x U(1) nepetBOopeHb, M;; — MaliOpaHiBChbKi MacH CTEPHIBHHMX HEHTPUHO. Vip =
’ 1] IR
Cvl,, C = iy?y°® — omnepaTop 3apsmoBoro cupspkeHHs. @ = io,@*, ne @ — XirciBcbKuii
IR 2 5
VCZ

e ) — nenToHHUM Ayonet (a = e, U, 7), Fy;
a

nyoner, o, — apyra 3 matpuils [laymi. L, = (

— MaTpHUIIS FOKaBIBChKUX KOHCTAHT B3a€MO/I1, h. C. — 03HaYa€ epMiITOBE ciipsikeHHs. JlaHa
Moaudikaris 107a€ MpaBOKipadbHI HEUTPUHO, sKi BiacyTHI y CM, 1 poOUTh JTeNTOHHUN
CEKTOP €JIEKTPOCIa0KOi Teopii aHAIOTTYHHUM JI0 KBApPKOBOTO.

Jlarpanxian (1) B ©0a3uci, A€ MacoBa MAaTpHIl CTEPHWIBHUX HEUTPUHO €
J1arOHAJILHOIO, Ma€ BUTIIS:
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_ M; _
d — 5 I
LY = —goLoN' 1@ — > N'SN'; + h.c, (2)
ne N'; — nmpaBoKipaibHi HEHTPUHO 1 g,y — EIEMEHTH FOKaBiBCHKOT MATPHIIi Y [IbOMY Oa3uCi.

BrnacHi cTaHu BUX1IHOTO JIarpaHKiaHy, B IKMX CTEPUIIbHI HEUTPUHO HAPOIKYIOTHCS
Ta PO3MAAAOTHCS, TIOB’I3aHi 31 CTaHAMU JIarparkiaHy (2) Tak:

vE = N + 0v,, 3)
ae v, — akTuBHI HelTpuHo CM B apomaTtoBOMy Oasuci,
UV Yai
O = —=—
=0 )

KyTH 3MIIIYBaHHS MK aKTUBHUMH Ta CTEPUIbHUMU HEUTpuHO. (0,; K 1). FOkaBiBChKi
KOHCTaHTH 3B’SI3KY y JlarOHaJIbHOMY 0a3uCi MatOTh BUTJISI:

1
_(MXimy\2 riag, Ve (5)
a2z = 212 —IVéQgs ),
v Ve
> (6)
_ MZl mvi 2 Qa2 \/—
9az = 212 + €Qq3 ),
v Ve
Jie M, — MacCH aKTHBHHX HEHWTPHHO, & Qg BUPAXKAIOTHCS Yepe3 IMapameTpu MacoBOi

MaTpulll aKTUBHUX HEUTpPHHO (PI3HULI KBajpariB mac, (a3u), MO0 BUMIPIOIOTHCS B
EKCIIEPUMEHTAaxX 3 HEUTPUHHUX OCUMIISIIIN. OCKUIbKY HaWIEermuid CTepUiIbHUN HEUTPUHO
rpae posib yacTuHKH TemHoi matepii, BiH ci1abo B3aemojiie€ 3 yacTuHkaMu CTaHAapTHOI
MOJIelli 1 ToMy He Oepe ydacTh y reHepallii JeNTOHHOI aCUMETPii, TOMYy BCIOJU 1HACKC [
npuitmae 3HayeHHs 2 abo 3.

Haiinermmuii crepunbHuil HeUTpuHO N; Mae Macy nopsiiky kinbkox KeB. JlBa iHii
cTepuibHI HeUTpUHO N, 1 N3 MatoTh Macu MpUHANMHI MEHIII 3a eJIeKTPOCIa0KU MacIITad
(macu xamOpyBanbHUX W, Z - 06o030HiB). Lli 1aBI 4YacTUHKM MarOTh OyTH Maibke
BUPO/KEHUMH IO Maci, 00 CTBOPUTH CYTTEBY JIEITOHHY acuMeTpiro. Posrisgaemo
HEWTPUHO 3 MacaMH B NPOMIKKY M, < M3 < 2 TI'eB, ne m,; = 140 MeB — wmaca
Me30Ha. HasiBHICTH y HEHTpMHO Macu, MEHIIOi Macu I1OHA, HE Y3TOIKYEThCS 3
excriepuMeHTaMu. Bepxus mexa 2 'eB oOpana 117151 3py4HOCT1, OCKUIBKH HE ICHY€E HISKHX
eKCIEPUMEHTANbHUX JaHux st M; > 2 I'eB.

ExcriepuMeHTaIbHO BUMIPIOIOTHCSI HE CaMi MacH aKTUBHUX HEUTPUHO, a BEJTMUYNHU
Am; i = mi2 — mjz. BianosigHo, iCHY€ /iesika HEBU3HAYCHICTh B 03HAUYCHHI Mac aKTUBHUX
HeWTpuHO. Ha mpakTuill BUKOPUCTOBYIOTH JIBa BapiaHTH — MpsiMa Ta OOEpHEHA iepapxii.

Y Bumaaky npsaMoi iepapxii maemo my =0, m, =.,/4m3; = 0.009eV, m; =
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J14m2,| + Am2, = 0.05eV. 'V  Bumanky oOepHeHoi iepapxii Maemo My =
JIAmZ, [ = 4mZ, = 0.048¢V, m, = [[AmZ,] = 0.049¢V, ms = 0.

['eneparris 1enTOHHOT aCUMETPIi € HACTIOK PO3MaiB CTEPUILHUX HEUTPUHO N, 1
N5 Ha JeNTOHM 1 ME30HHM TAKUMU KaHAJIaMU PO3MaIY:

0 Yo m—pt Kto— K—pt / 0 - Aot
N> mvg,m7eq, m eq, K ey, K™ eq, Ve, Ve, PV, P €4, P Eg (7)

OOpaxyHOK JaHWX TPOIeciB OyJ0 TPOBEAECHO B HAOMWKECHHI HYJIHOBOI
TeMIeparypu. Y IIbOMY BHIIJIKY, U1 0OpaHOi 00JIacTi Mac CTEPUIIBHUX HEUTPUHO MOKHA
BUKOPHUCTOBYBAaTH HalOMkeHHs depmi TOYKOBOI B3aeMoJli cTpyMiB. PosrisHemo, sk
came BiI0OyBaeTbCA MPOIEC PO3Magy MPaBOKIPATIbHUX HEUTpUHO y Moueni vMSM.
CrepuibHUN HEUTPUHO OCLUMIIIOE B aKTMBHHMM HEUTPHUHO, KM Jall pO3MaJaeThCs Ha
npomixuuii Z°-6030H Ta akTHBHE HEHTPUHO, a00 PO3MANACTHCA HA 3apPSHKEHHI JICNTOH
ta W2*-60308 s3rigmo mnpasun CrammaptHoi Mofemi. Z-6030H (ab6o W *-6030mH)
pO3MAaJaEThCsl HA Tapy KBapK-aHTUKBApK. Tak SK KiHETUYHA €HEpris LUX KBapKiB €
JIOCTaTHBO Majloxo, BOHU (HopMyroTh 3B’ sa3anuil cTaH. Ockinbku M; < 2 GeV K Mz,
MU MOKEMO CKOPOTHTH iX MpoIaraTop y epeKTUBHY BEPILIMUHY 1 TOJI PO3IJISLIaTH ME30H,
AK KIHIIEBUHM NpoayKT peakiii (Puc. 1).

Pucynok 1. EQexTuBHUI HU3bKOCHEPTETUYHHUM PO3I1a]] CTEPUIILHOTO HEHTPUHO Ha
AKTHBHE HEHTPUHO MOKOJIIHHS @ Ta T° ME30H.

EdexkTrBHA HU3bKOCHEPreTUYHA B3a€EMOJISl CTEPUIIBHUX HEUTPUHO 3 T~ -ME30HOM
TaKa:

G _ m B
Lesr = lﬁfﬂvuanIMlea (1+ys) - ﬁf(l —ys) [Nt~ + hoc.  (8)
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OTpuMaHi1 eKCIEpPUMEHTAIbHO YMCENbHI 3HAYEHHS MapeMEeTpiB, M0 BXOISAThH [0
HBOTO, HACTYITHI:

f, =0.131TeB, |V,4| =097, Gp=1.166-10"5TeB2. (9)

AHaJOTIYHO OTPUMYIOTBCS JIarpaHKiaHW B3a€EMOJIii CTEPUIBLHUX HEUTPHHO 3
IHIIMMHA Me30HaMHu. bynyTh 3MiHIOBaTHUCH Jinie enemMeHTH matpuill Ka6i6o-Kobostiiri-
Mackaga Ta ¢popM-hakTopu f.

JlenTonHa acuMMeTpist 4 BU3HAYAETHCS HACTYITHUM YHHOM:
Lyt = Iyt
i (10)
F Y-l + F ll)—>l_
ne Ly i Lyop — MOBHI IIMPUHU PO3MAJy MACOBUX BJIACHUX CTaHIB ; CTEPUIIBLHUX
HEUTPUHO HA JICTITOHU Ta aHTUJICNTOHU BIAMOBIAHO. B mboMy BHManKy mepeBa)karouuit
BKJIAJI B JIENTOHHY aCHMMETPIIO JJal0Th CKEJIETHI Jliarpamu.
Bumora Ha 3Ha4YeHHS JIENTOHHOI ACHUMETpPii HA MOMEHT IOYAaTKy HapOKEHHS
TemHoi MaTepii 103BOJIsIE OOMEXUTH 00JaCTh 3HaYEHb TapamMeTpiB Mojieni VMSM.

T T T T Tw _5 1 1 e Tt |

® -6r © -6
© ©
vg __7 L r\ \/9_ __7 L
o)} (o))
o) o)
- -8 = - -8 B

-9 -9

-10 -10 =

11k : See.gy -11 S

-12 L N | v e, =12 . e A | L S

0 a) L 2 wmicgev ' 0.4 b) 1 2 wmicgev

Pucynok 2. Cynepno3uilis oTpuMaHUX 0OMEKEHb 1 00MEXKeHb 3 JIITEpaTypu: a) BUMAIOK
HOPMAJIbHOI 1€papxii, b) BUMag0K IHBEPCHOI 1€papxii.

Cyrmeprio3uiliss OTpuMaHuX OOMEXKEHb 1 y3arajJbHCHHX OOMEXKEHb 3 IHIIUX POOIT
npeacTaBiieHa Ha Puc. 2. Burie ninii, mo mo3nadena «k BAUy, 6apioreHe3nc He MOKITUBUMN:
B IIii1 00J1aCTi CTEPUIIbHI HEUTPUHO MPUXOATH 10 CTaHy TEPMOJIMHAMIYHOT PIBHOBAru 3a
TeMriepatypu, Buioi Tgy,. Hrokue minii, mo3HadeHoi «See-sawy, 1aHi Mo MacaM Ta KyTam
3MIIIyBaHHS HEUTPUHO HE MOXYTh OyTH MOSICHEHI B paMKax «See-saw)» MeXaHI3My.
Oo6mactp, mo3HaueHa sik «BBN», He 3a0BUIBHSE KpUTEpIAM HYKICOCHHTE3Y Teopii
Benukoro BuOyxy. Perion, mo3nauenuii sk «Experiment», 300paxkye yacTuHy 001acTi
rmapameTpiB, SKa BUKIIOYAETHCS CKCIIEPUMEHTAMU 3 TIOIIYKY CHHIJICTHUX HEHTPHHO.
Perionu, no3zHaueHi sk «Cos», «4» 1 «DMy, Oynu orpumani B po6oti. Perion «Cos»
MOKa3ye 00JIacTh MapaMeTpiB, T03BOJEHUX KOCMOJIOTTYHUMH OOMEKEHHSMH: CTEPHIIbHI
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HEUTPUHO MAIOTh PO3MACTUCS 3a TeMIeparypu, MeHmni, Hik ix maca (T S M) nis
MOPYIIEHHS TEPMOJIUHAMIYHOI PiBHOBATH, TAaKOXK, 3BHUAHO, BOHU MAIOTh PO3MACTHUCS JI0
MOYaTKy HapOHKCHHS YaCTHHOK TeMHOI MaTepii, ika yTBOPIOEThCS TP TeMrieparypi T ~
0.1 I'eB. 3amTpuxoBaHa 0671acTh, MO3HaYeHA AK «A», JEMOHCTPYE 3HAUCHHS MTapaMeTPiB,
no3BojeHi oomexenHsaMm 1073 < A < 2/11, ob6nacte, no3HaueHa sk «DMy, 300paxkye
pETioH MmapaMeTpiB, Jie OCTaHHI Ba OOMEXEHHs He cynepedarb ojaHe ogHoMmy. OcTaHHsA
00J1aCTh € CIIPUATIUBOIO JIJISl HAPOKEHHST YaCTHHOK TeMHOT MaTepii, 3TiTHO OTPUMaHUX
pe3yJabTariB. SIK BUJIHO, Taka 00JIaCTh 1ICHYE JIMIIE y BUIIAJIKy HOPMAJIBHOI 1€papxii Mac
aKTUBHUX HEUTPHHO.
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A DETAILED COLLISIONAL RADIATIVE MODEL
FOR Ti PLASMA

N.Ghosh, L.Sharma

Indian Institute of Technology Roorkee, Roorkee 247667, India
e-mail: nitish_g@ph.iitr.ac.in

Titanium plasmas are widely studied due to their applications in thin-film deposition,
biomedical coatings, and advanced material processing. Accurate plasma diagnostics are
essential for optimizing these applications, with laser-induced breakdown spectroscopy
serving as a powerful non-intrusive technique. A reliable collisional radiative (CR) model
1s crucial for extracting plasma parameters such as electron temperature and density from
spectral emissions. However, existing Ti plasma studies are limited by the lack of
comprehensive atomic and collisional data. This study presents a detailed CR model for Ti
plasma by validating it using laser-induced breakdown spectroscopy (LIBS) measurements
of Roberto et al. [1]. Radiative rates for 194 fine-structure levels considered in the model
of T1 I are computed using the multiconfiguration Dirac-Hartree-Fock (MCDHF) method.
Electron impact excitation cross-sections are calculated from the ground and metastable
sates 3d*4s® (a °F , a 'D, a *P ) and 3d%4s (a °F ) up to upper fine structure levels using
relativistic distorted wave (RDW) [2] theory for a wide range of incident electron energy
from excitation threshold to 250 eV. The CR model incorporates key plasma processes,
including radiative decay, electron impact excitation, and de-excitation, ionization, and
three-body recombination. Incorporating all of the key plasma processes into a collisional
radiative solver, a system of rate equations is solved to get the upper-level population of
the fine structure energy levels. Theoretical spectra are generated and compared with
experimental LIBS measurements from Roberto et al. [1] for validation. Eight Ti I spectral
lines are analyzed and electron temperature (T.) and density (n.) at different delay times of
0.5 and 3.5 ps are extracted. A strong agreement between computed and experimental
results confirms the accuracy of our model. The validated atomic data and CR model pave
the way for future applications in Ti plasma studies.

The intensity of an emission line (f — i) If; related by the following relation with the
upper-level population (ny), radiative decay rate (Af;) and the electronic transition energy
(Ef;) as,

I;; O+ ng Ag; Efy

The theoretical and experimental intensities are normalized by the following equation,

I k,CR(exp)

IN =
k,CR(exp) BY_1 Ik,CR(exp)
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We have to find the T. and n. for which the deviation parameter defined by the normalized
CR model and experimental intensities as,

Or = Bgzl(lllc\{CR - Illc\{exp)
will be a minimum. Figure 1 shows the comparison of theoretical and experimental
intensities at 3.5 ps delay time for the optimized T.= 0.76 eV and n.= 5.0 x 107 cm™. The
detailed results will be discussed in the conference.

7 [ Measurement
251 — [3.5 micro sec CR model
2
2 201 -
3 )
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3 15/ —
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© 10/
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Figure 1. Comparison of the normalized intensity calculated from the CR model with
experimental measurements at plasma delay time of and 3.5 ps.

[1] R. E. Mejia, M. Raineri, R. Sarmiento, J. C. A’lvarez, P. Pacheco, Laser Plasma
Characterization and Atomic Structure Calculations of Ti II, IEEE Transactions on
Plasma Science 51 (10) (2023) 3035-3052.

[2] L. Sharma, A. Surzhykov, R. Srivastava, S. Fritzsche, Electron-impact excitation
of singly charged metal ions, Physical Review A 83 (6) (2011) 062701.
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JIO MATAHHS TPO MOJEJIOBAHHSA COHAYHUX IMAHEJEH
Y ITPOI'PAMAX «COMSOL MULTIPHYSICS» TA «SIMULINK»

B.€. Koctuk, [.M. FOpkin
JABH3 «¥Yarcecopoocekuii Hayionanenuti ynieepcumemy, Yoceopoo, Yrpaina
e-mail: kostyk.viktoriia@student.uzhnu.edu.ua
e-mail: igor.yurkin@uzhnu.edu.ua

CoHsuyHa €HEPTeTHKA € OJHUM 13 HAWOIIBII MEPCIIEKTUBHUX BUIIB aIbTEPHATHBHOT
eHeprii. 3 KOXXHUM POKOM Bce OLbIIe JI0Jei Ta KOMIIaHId MepexosaTh Ha Hel, MonpH il
3JICKHICTB BiJI IOTOJHUX YMOB, Yacy JOOM Ta CE30HY.

Bnepme y 1883 pomi BunaximaukoMm Yapaszom @Dpitrcom Oyino BIIKPUTO
MIEPETBOPEHHS CBITIIA B €IEKTpUKY y ceneHl. Y 1921 pori EifHiTeliH NMOSCHUB sSBUIIE
dhoroedekty, a 1946 poky OysI0 CTBOPEHO IEPIITUN KPEeMHIEBHI COHSIYHUN eeMeHT. [1pu
bOMY iX e(peKTUBHICTh ckiiagana menie 10%.

HecrabinpbHuil Xapaktep BUPOOJEHHS €HEprii 1 CIOHYKae J0 MOKpAalleHHS Ta
PO3BUTKY COHSIYHHMX CHCTEM, 30KpeMa PO3pOOKH HOBHX MaTepiasliB Ta TEXHOJOIIH iX
BUTOTOBJICHHS. B manuii yac po3riaiaiTh pi3Hl TUIH COHAYHUX MaHEeJeH, B TOMY YHCIII:
kpemHieBi, [1I-V(GaAs, InP), 6araromaposi. Bci Bonu nokasyto edexktuBHicTh Bin 10%
10 80% 3anexxHO BiJ OCBITIIEHHS, B cepeanboMy 10 30% [1].

Y nporpamax mjis MOJCNIOBAHHA Ta CHUMYJIOBaHHS GI3MYHUX SBULL Oyi0
PO3IUIIHYTO COHSIYHI NaHENi, CTBOPEHI 3 KPEMHIIO0 Ta MepoBckiTy. lle moB’s3aHo 3 ix
e(EeKTUBHICTIO, JOCTYNHICTb Ta JIETKICTIO BHpoOHULTBA [2]. Bombr-amnepny
XapaKTepUCTUKY 3MOJAEIBOBAHOI COHsIUHOI manesni y nporpami Comsol Multiphysics 3a
(dhopMmyamu 3 BUIBHUX PECYPCIB Ta HAYKOBUX cTarel [3] HaBeleHo Ha puc.l.

8.5 F1 T T T T T
8 -
7.5 -
7F ]
6.5 -
6 .
55 -1
5F ]
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a4t ]
35 -
3F ]
25 —
2F -
15 -
1F ]
0.5 =

0 |
1 | ] | | 1
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Puc. 1. Bosbr-amniepHa XapakTeprCcTHKa COHSYHOI TTaHEelTi, 3MOJIeITbOBAHOI y Iporpami
Comsol Multiphysics.
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JlocmiKeHHST CUCTEM /TS MOJICITIOBAHHS B MailOyTHROMY JO3BOJIUTH OUTBII TOYHO
MIPOTHO3YBATH XapaKTEPUCTUKHU PEATbHUX COHSYHUX TAHEJICH Ta CTaHIIIN 1 TPU ITbOMY HE
BUTpAYaTH BEIMYE3HY KUTBKICTh PECYPCIB Ta 4acy.

[1] Samaulah H. Efficiency analysis of tracking and stationary solar panel modes
against solar radiation /H. Samaulah, Y. Basir, M. Helmi, F. Faturrizky, A.
Sugawara // Journal of Engineering Sciences. — Sumy : Sumy State University, 2018.
— Volume 5, Issue 1. — P. H23-H28.

[2] Mehran Habibi, Fatemeh Zabihi, Mohammad Reza Ahmadian-Yazdi, Morteza
Eslamian, Progress in emerging solution-processed thin film solar cells — Part II:
Perovskite solar cells, Renewable and Sustainable Energy Reviews, Volume 62,
2016, Pages 1012-1031, ISSN 1364-0321.

[3] EnexTponnuit pecypc: https:// www.pveducation.org/
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THEORETICAL INVESTIGATION OF GUIDED MODE
RESONANCE EFFECT IN OPTICAL GAIN CAVITIES

I. Lukosiunas, K. Stalitinas
Vilnius University, Laser Research Center, Sauletekio Ave. 10, Vilnius, Lithuania
e-mail: ignas.lukosiunas@ff.vu.lt

The guided mode resonance (GMR) is an effect introduced by R. Magnusson in thin
modulated dielectric cavities, characterized by narrow-band reflection and transmission
properties, high resonance quality factors, as well as its applications for spatial filtering in
laser systems, polarization filters, and angular dispersion control [1]. Such devices are
broadly studied, however, only as passive filters that exhibit no optical gain. Structures
with optical gain can enhance the transmitted and reflected radiation via an introduced
imaginary refractive index, where the imaginary part corresponds to the exponential
amplification of the guided mode’s amplitude. The concept of enhanced radiation via
incorporating gain is illustrated in Fig. 1.

1;(» 1064 nm Re(E!/)
0

REFLECTION

800 1000 1200

:\ \‘\‘\‘\‘\‘ Ag, N0

\_~ —Thin film

TRANSMITTED BEAM

Figure 1. The concept of an active meta-mirror: a) the incident beam coupled into the
waveguiding mode of the thin film. b). Reflection/transmission dependence on the
wavelength by crossing the resonance along with the field distribution at the peak of
spectral response.
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The gain material is introduced as a perovskite with an imaginary refractive index
capable of exponentially amplifying diffraction efficiencies [2]. With proper optimization
algorithms and numerical tools [3], the device geometry can be tuned to achieve high
resonance quality factors and optimal coupling between incident radiation, excited guided
modes, and the radiation itself, thus maximizing the reflection and transmission coefficient
values. Such structures can be used as angle sensitive amplifiers, low-pass amplifiers in
laser systems. In this work, we apply a genetic optimization algorithm with the 2D RCWA
method to achieve device designs that exhibit enhanced gain via the GMR effect. We also
expand on the analytical model, which we use to explain the behavior and characteristics
of the achieved results quantitatively.

[1] S. S. Wang and R. Magnusson, "Theory and applications of guided-mode
resonance filters," Appl. Opt. 32, 2606-2613 (1993).

[2] A. Liu et al, "Metal Halide Perovskites toward Electrically Pumped Lasers".
Laser Photonics Rev 2022, 16, 2200189.

[3] M. G. Moharam and T. K. Gaylord, "Rigorous coupled-wave analysis of planar-
grating diffraction," J. Opt. Soc. Am. 71, 811-818 (1981).
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MOIEJIOBAHHSA BUXOIIB ITPOAYKTIB ®OTOIIOALTY Am-241
JIJIS1 OBJIACTI EHEPI'IA MEPIIOIO IAHCY

B.B. ITuckay, O.0. Iapnar, O.1. Jleaaen, €.B. Onetinikos, [.B. [Tnnmumuannaens

Incmumym enexkmponnoi isuxu HAH Ykpainu, ¥Yoceopoo
e-mail: v.pyskach@gmail.com

Hes3Baxkatoun Ha Te, 1m0 mporec (OTOMOAUTY AaKTHUHIJAIB BHUBYAETHCS OLIbIIE
BOCBMUJIECATH POKIB, BiH HE BTPAaTUB aKTyaJdbHOCTI 1y Ham vac [1, 2]. Lle, B mepiry uepry,
MOB’SI3aHO 3 TOTPe0OI0 y HOBUX (OTOSACPHUX MAaHUX SK JUISI CTBOPEHHS HOBUX
TEOPETUYHUX MOJENEH ISl KPaIloro po3yMiHHS IpoLecy MOALTY, Tak 1 A po3poOKu
HOBHUX TEXHOJIOTIH Yy ranysi siiepHoi TexHikd [3]. Buxoau npoayKTiB NOJILTY € OTHUMH 3
OCHOBHUX TapaMeTpiB, IO XapaKTEPU3YIOTh MPOIEC MOITY Ta JO3BOJIAIOTH JOCITIIUTH
BIUIUB SIIEPHOI CTPYKTYpH Ta JUHAMIKM Ha mpoiec noaury [4]. Tpeba BIAMITUTH, 1110
B3a€MO/Iis (DOTOHIB 3 sA/IpaMU B1I0YBAETHCS M1 II€I0 €IEKTPOMArHITHUX CHJI, BIACTUBOCTI
aKuX 700pe BioMi [S], 110 Crpollye iHTepIIPETAIil0 OTPUMAHUX PE3YJIbTaTIB Ta T03BOJISE
pOOUTH MPAKTUYHO OJHO3HAYHI BHCHOBKM MPO POJb JOCHIIKYBaHUX edekTiB [6].
Oco0IMBO 11€ CTOCYEThCS BUXOIB IIPOAYKTIB OTOMOAiNY akTuHOiny **' Am, m1s sikoro 1o
[UX TIp HE MPOBOJUIMCS CUCTEMATUYH1 JOCHIJDKEHHS Il 00JIacTi €Heprid IMepiioro
maHcy nozauty (6e3 momnepeaHboi emicii yacTuHOK — Big mopory (y,f)- mo mopory (y,2f)-
peaxiiiii), e 4iTKO MPOSIBIAETHCS BIUIUB AJIEPHUX 000JOHOK Ha (OpMYBaHHS MPOAYKTIB
(dboTonoainy akTUHIIB [4], @ HAsIBHI €KCIIEPUMEHTAJIBHI JIaH1 JTy>Ke oOMexeHi [7].

Y poboTi mpenctaBieHi pe3yiabTaTd KOMIT IOTEPHOTO MOJICIIIOBAHHS BHUXOJIIB
npoxayktie ¢oronoxainy **'Am B 001acTi €Hepriii MepIIOro IIAHCY Ta aHaji3y BILIUBY
eHeprii 30y/pkeHHs Ha ix popmyBanHs. [Ipy mpoBeneHHI po3paxyHKiB BUKOPUCTOBYBABCS
Momnte-Kapio kox — GEF [8,9].

Y pezynvmami npogedenux mooenoeanb OmpuMani HACMynHi pe3yIbmamu.

— BcranoBieHo gianason o6nacti eHepriit nepmoro mancy ¢oronoginy **'Am Bix ~ 5.5
o ~ 12.5 MeB , sxuii y3roxyeThcst 3 pe3yibTaTaMu MoJentoBaHHs kogoMm “GNASH”
[10].

— OTpuMaHO pPO3MOAUIA TPE-HEUTPOHHUX (10 eMicii MUTTEBUX HEWUTPOHIB) 1 MOCT-
HEUTPOHHHUX (TMICJIS eMiCiT MUTTEBUX HEHTPOHIB) BUXO/1B MPOAYKTIB 3aJI€KHO B1JI iX MacH
st dikcoBaHUX eHepriii 30ymkenns: 6.48; 7.11; 7.81; 9.72; 11.32 Ta 12.58 MeB.
JlolaTKOBO OJieprKaHi 3aJIeKHOCTI BUXOJIIB MPOAYKTIB BiJl YKMCIa HEUTPOHIB — 130TOMHI
po3noauin. BctanoBieHo, 1o popMa CrieKTpiB 3aJIEKHOCTI BUXO/11B IPOAYKTIB BiJ iX Macu
Ta yucia HEUTPOHIB Yy LIJIOMY BiIOOpaXaroTh CTPYKTYPY PO3MOJILIIIB BUXOIB MPOAYKTIB,
XapaKTepHYy ISl ICHYIOUMX €KCIEPUMEHTAIbHUX JaHuX (OTOmoAily akTUHIIIB [6,7], 1
3aJIeKaTh BiJl €HEPrii 30yHKEHHS MOAIIBHOrO aapa > Am.

— BcraHoBnEHO 3aJ1€5KHOCTI IMOBIPHOCTI BHECKY OKPEMHUX KaHaJiB MOALTY (CUMETPUYHOTO
— SL, nBox acumetrpuunux — SI, SII 1 cynep-acumerpuunoro — SA) Ha QopMyBaHHA
KIHIIEBOTO CIIEKTPY MAaCOBHUX PO3MOILIIB BUXO/IIB MPOIYKTIB BiJl €HEPrii 30y I>KeHHS IS
noxinsHOro sAapa 2*'Am mis o6nacti enepriii nepmoro mancy (mus. Puc. 1). OcHoBHUI
BHECOK Y (JOPMYBaHHS MaCOBMX CIIEKTPiB BUXOZIB yiaMKiB (oronoxiny **'Am B o6nacri
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€HEpriil MmepuIoro MaHcy BHOCIATh acuMeTpuuHi kaHanu noaury — SI 1 SII. ImoBipHOCTI
BHecky kaHamiB SII 1 SL 3pocrators mpu cnaai BHecky kaHainy SII 3 poctom eHeprii
30ymkeHHs. IMOBIpHOCTI BHECKY KaHaimy SA 3pocTae A0 ~ 9 MeB 1 cTae MOCTIHHOIO 110
MOPOTY JIPYroro MIAHCY. 3rigHO MOAU(]IKOBaHOT MOETI MAacCOBUX KaHAJIB MoAiLTy [4]
aCUMETPUYHMN KaHai oy SI 3yMoBieHn 3aMKHEHUMU C(PepUIHUMU O0OJIOHKAMHU y Z
=501 N = 82, a xanan SII, skuii Mae HAMOLILITUNA BUXIJI, OB’ I3aHUM 3 000JIOHKOIO 01715
N= 88.

100 4
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.
ﬂ_é" | —m I——_.___.____.—___
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Puc. 1. 3anexxHicTb BHECKY OKPEMHUX KaHAJIB MOALTY (MOA) B €Heprii 30y UKeHHS
noxineEHOro sAxpa 24 Am.

OTpuMaHl 3HAYEHHA MPE-HEUTPOHHUX 1 MOCT-HEUTPOHHUX BHUXOJIIB MPOAYKTIB
doronoxiny **' Am MoxKyTh OyTH BUKOPUCTaHi It PO3BUTKY i TECTYBAaHHS iCHYIOUMX Ta
CTBOPEHHSI HOBUX MOJIETTLHUX MIXOIB OMUCY MPOLEeCy po3naay 30yKEHUX aKTHUHIIIB
U1t 00J1acTl €HEepri 6e3eMiCITHOTO TTOLTY.

[1] L. Csige, D.M. Filipescu. Photofission Studies: Past and Future. (Springer, Singapore,
2022).

[2] D.L. Balabanskia, P. Constantin. Eur. Phys. J. A. 60, 39 (2024).

[3] A. Zilges, et al. Prog. Part. Nucl. Phys. 122, 103903 (2022).

[4] K.-H. Schmidt, et al. Rep. Prog. Phys. 81, 106301 (2018).

[5] H.E. Martz, et al. High-Energy (X-Ray and y-Ray) Photon Interactions with Matter.
(CRC Press, Boca Raton, 2016).

[6] E.V. Oleynikov, et al. PAST. 145, 26 (2023).

[7] Experimental Nuclear Reaction Data (EXFOR). Available from: https:/www-
nds.iaea.org/exfor/

[8] F. Zou, et al. Annals of Nuclear Energy. 213, 111124 (2025).

[9] GEF 2024/1.1. Available from: http://www.khschmidts-nuclear-web.cu/GEF-2024-1-
1.html

[10] M.L. Giacri-Mauborgne, et al. AIP Conf. Proc. 798, 31 (2005).
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RELATIONSHIP BETWEEN VOLUME CHANGE
AND THERMAL CONDUCTIVITY

V.V. Sagan, V.A. Konstantinov

B. Verkin Institute for Low Temperature Physics and Engineering of the National
Academy of Sciences of Ukraine, 47 Nauky Ave., Kharkiv 61103, Ukraine
e-mail: sagan@ilt.kharkov.ua

It is important to note that theoretical calculations of thermal conductivity (x) are
typically performed under the assumption of constant density unless thermal expansion is
explicitly taken into account. Ranninger [1] and Slack [2] were the first to highlight that
volume changes with temperature can significantly affect x due to the «quasi-harmonic
shift in the vibrational mode spectrum. This effect is generally negligible at low
temperatures or when the thermal expansion coefficients and the Bridgman parameter (g)
are small. However, as temperature increases, isobaric and isochoric x can differ
significantly, as demonstrated experimentally by Clayton and Batchelder for solid argon
and by Konstantinov et al. [3] for a wide range of molecular crystals.

Notably, in the isochoric case, not only does the slope of x(7) change, but the sign
of its derivative may also change. In particular, it has previously been shown that in the
«plastic» (dynamically orientationally disordered, DOD) phases of molecular crystals,
isochoric thermal conductivity increases with temperature, whereas isobaric x remains
almost constant or slightly decreases [3].

A similar situation can be observed in ionic crystals, such as lithium fluoride (LiF)
and sodium chloride (NaCl) [4]. The study of thermal conductivity in such materials is
crucial for various scientific and technological applications, as understanding heat transfer
in ionic crystals enables better control of thermal properties in electronics, energy storage
devices, and optical systems. Since ionic compounds like LiF and NaCl are widely used in
high-temperature applications and as insulators, analyzing their thermal behavior helps
improve efficiency, durability, and performance across different industries.

As clearly shown in the figure, the difference between isochoric and isobaric thermal
conductivity at atmospheric pressure increases with temperature, reaching 80% at 800 K
for LiF and 70% at 750 K for NaCl. The isobaric thermal conductivity (x,) for LiF deviates
by 9% from the linear 1/T dependence (shown as a dashed line in the figure), whereas the
isochoric thermal conductivity (x,) exceeds this trend by 95% at 750 K. Similarly, for
NaCl, the deviation is 13%, with an increase of 48% at 800 K.
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Figure 1. Dependence of isobaric (x;,) and isochoric (x,) thermal conductivity on
temperature for solid crystalline samples of LiF and NaCl.
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Table 1. Total molar volume change from absolute zero to indicated temperature AV/V,,
T,, melting point, g = - (dinx/dInV)r 1s Bridgman coefficient, 7, is temperature at which g
was determined, Ax/x=g-AV/V,,.

Substance | AV/V,, | Structure | T, g 1y, Ax/k, Reference
% K K %
LiF 14 Fn3m 1121 11.3 ]300 160 [4]
NaCl 15.6 Fn3m 1074 | 7.3 |300 114 [4]

The study of thermal conductivity in crystalline solids is crucial for understanding
heat transport mechanisms in various physical systems, including electronic devices,
thermoelectric materials, and high-temperature engineering applications. The observed
differences between isochoric and isobaric thermal conductivity highlight the impact of
anharmonic lattice interactions and volumetric effects, which are essential for accurate
thermal modeling. This knowledge is particularly relevant in the design of materials
optimized for heat dissipation, ensuring stability and efficiency in practical applications.

This work was supported by the National Research Foundation of Ukraine
(project Ne 2023.03/0012).

[1] J. Ranninger, Phys. Rev. 140, A2031 (1965).

[2] G. A. Slack, in Proceedings of International Conference on phonon scattering in
solids, ed. by H. J Albany (Service de documentation du CEN, Saclay, 1972), p. 24.
[3] V. A. Konstantinov, in Heat Transfer - Theoretical Analysis, Experimental
Investigations and Industrial Systems, ed. by A. Belmiloudi (InTech Open Access
Publisher, 2011), p.157.

[4] R. G.Ross, P. A. Andersson, B. Sundqvist, and G. Backstrom, Rep. Prog. Phys.
47,1347 (1984).
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0 IUTAHHSA ITPO O3HAYEHHSA IIBUJIKOCTI CBITJIA

B.M. Cumymuk!, O.A. IToriunnii?, T.M. 3asamp’

! Tuemumym enexmponnoi ¢izuxu HAH Yrpainu, Yaceopoo, Yrpaina
2JIBH3 «Yaczopoocwvkuii Hayionansnuii ynieepcumemy, Yoceopoo, Ykpaina
e-mail: potichnyi.oleksandr@student.uzhnu.edu.ua

[luTaHHAM TIPO MaTeMaTUYHE JOBEACHHS CIPABKHBOTO O3HAYEHHS IIBUIKOCTI
MOIIMPEHHS CBITJIAa 3aiMaJIUCh y CBOIX Mpalgx Taki Bimomi BueHi sk ['ayc (1813), Ammep
(1827), @apaneii (1831), Jlenir (1834) tTa Makcgenn (1865).

CraHoM Ha CbOTOJHI KJIACHYHUMH Ta J00pe BIIOMUMHU € O3HaueHHs (a3oBoOi Ta
IPYIOBOT MBUAKOCTEH IMONTUPEHHSI CBITJIOBOTO CUTHAIY.

Opnnak Hayka OyJyia OM HE IIKaBOIO 1 HE MOTPIOHOIO CYCHIIBCTBY, IKOU HE CTaBUIIA
MOCTITHO HOBI MPUHILMIIOBI 3aja4l Mepes JOCHITHUKaMHU. Y 3arajJbHONPUNHSATIA Ha
CHOTOJIH1 KBAHTOBIM MEXaHIlIll BiJIpa3y MOCTA€ 3aMMTaHHA PO MIBUIKICT PyXy (HOTOHA (HE
Ka)XKy4dd TIPO 3alUTaHHs, a 10 Take (OTOH B3arajl, sSIKe JaJIEKO BUXOJUTh 3a PAMKH III€i
KOPOTKOI T€3M).

OCHOBHOIO 3ajauer0 cydyacHoi (I3UKM Ta AaCTPOHOMIl € TOUIYK BUPIIICHHS
npobsemu, 1mo take TemHa matepist (TM) ta temua enepris (TE) Beecity. SAkio xoua 0
TOPKHYTHUCS TaKuX JOCIIPKeHb, TO BiJpa3dy BUHHUKA€E MPOCTE 3aMHUTaHHS, a MO0 TaKe
MIBUIKICTH cBITJIa y Bceeciti, ne HasBHicTh TM Ta TE € mnepeBipeHuM
EKCIIEpUMEHTAILHUM (HaKTOM.

JlilicHo, cepes; TEOPETUUHUX MOJEJEH, SK1 Jemo yacTkoBo onucyoTs TM ta TE,
no0pe BIJIOMMMH Ta 4acTO OOTOBOPIOBAHMMM € MOJei KBiHTeceHiii [1-3] Ta Bapiarii
(h13UYHUX KOHCTAHT [4, 5], TakuX SIK MBUIAKICTh CBITJIa Ta TpaBiTalliifHa cTana. Y 000X 11X
MOJIESAX, a TaKOXK Yy PsAMl 1HIIUX TiaxonaiB ao noscHeHHs TM Tta TE, Bimpasy mocrae
3aMUTaHHS MPO O3HAYEHHS IIBUIKOCTI CBiTIA. Takok BeNWYe3Ha KUIBKICTh CY4YacHUX
myOJTiKaIii CTOCY€EThCS HOBITHIX Teopit edipy Ta AochifiB Tuimy Maiikenbcona—Mopii 3
BUKOPHCTAHHAM JIa3€piB Ta Cy4acHOI anapaTypH.

He mnino3proroum, HACKUIbBKM 1€ MOXe OyTh akTyanbHuM uyepe3 20 pokiB,
YKTOPOJCHKI BY€H1 anpoOyBajy CBOi pe3yjbTaTH Ha MIKHAPOJAHIN KoH(epeHuli [6] 1
CKpOMHO onyOJikyBanu y [7]. OgHak, 0yJio 3p00JIeHO TPUHIIUIIOBUI KPOK 1 MATEMAaTUYHO
JIOBEJICHO O3HAUEHHS IIBHAKOCTI CBITJa, SK I1HTETPaJbHOI  XapaKTEPUCTUKHU
€JIEKTPOMATHITHOTO TIOJIST Y CEPEIOBUIIII.

Binomuii ykpaincekuii BueHuit Bimerensm @ymmy gemo panimie [8] omyOmikyBas
O3HAYCHHS MIBUIKOCTI CBITJIA HA OCHOBI MPUHIMIIB TiApoAuHamMiku. Take 03HaYeHHS
TaKOX aKTyaJbHE ChOTOIHI, 0COOJIMBO SKIIO HOTO BUBIJ Ta KIHIIEBY (POPMYITy TOBTOPUTH
Ha OCHOBI CYy4aCHOI MarHiTOT1IpOAMHAMIKH.
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Otxe, y pob6oTi [7] mpeacTaBieHO TOYHHMM pO3B’SI30K piBHSAHb MakcBena y
OJTHOPITHOMY  130TPOITHOMY HEMPOBITHOMY CEPEIOBHINI, BHBEIEHO cepito 3 15
HAWUOPOCTIIINX 3aKOHIB 30€peXKEeHHsI ISl TAKOTO €JIEKTPOMArHiTHOTO MOJIS B CEPEIOBHIII
(i BeTMYMHH, 10 30€piraroThbCs, HE MICTATH MOXIMAHUX BiJ (PYHKIH MO B TepMiHaX
HANPYKEHOCTEH), SKi € aHajgoramu cepii 15 xKoHpopMHUX (HACHIAKIB MEPETBOPEHb 3
kKoH(popMHOI rpynu) 3akoHiB 30epexkeHHs Epika ¢on beccens-Xarena [9] aist BiibHOTO
€JIEKTPOMAarHiTHOro TOJIsI B TepMiHax 4-BeKTOpa IOTEHIiasa (0 pedyl, KIaCHYHUUN
pe3ynbTar [9] — 11e icTopuyHO Neplile Baase 3acTocyBaHHsa Teopemu Emmu Herep).

Ha 1miii OCHOBI, BHUKOPHCTOBYIOUM 3aKOH 30€pEKEHHS, IO CIIAyE 3 YHCTO
JIOPEHIIEBUX NIEPETBOPEHD (OyyCT), BUBEACHO (POPMYITY U1 O3HAUYECHHS IIBUAKOCTI CBITIA
AK IHTETPAJIbHOI XapaKTEPUCTHUKHU EJIEKTPOMArHITHOTO TIOJISL.

3raanuii 3aKoH 30epeKEHHS Ma€ BUTIISI

=~ - t -
N = [d3x (x - = ), ]
1 —)2 —)2 N - e e .
A€ po =3 (sE + uH ) p =+euE X H, — TYCTHHHA TIIOBHUX €HEPril Ta IMIIYJIbCY

€JIEKTPOMATHITHOTO MOJIsl, BIANOBIAHO. TyT ¢ — MIBUAKICTH CBITJIA Y BaKyyMi, a € 1 i —
JEJEKTPUYHI MPOHUKIUBOCTI CEPEIOBHUIIIA.

3BiicH HaWMOpocCTilie BUBECTH (GOpPMYIy M IHTETPAIbHOI XapaKTEPUCTHKU
€JIEKTPOMArHiTHOTO MOJIS.

Ha ocHOBI aHayiorii MiX CBITJIOM Ta CYLUIBHUM MaTepiaJbHUM CEpEeIOBUIIEM
KJIACUYHOI HEPEJIATHBICTCHKOI MEXAHIKM BBOJIUMO IMOHSATTS pajlyc-BEKTOpa Pyxy LEHTPY
eHeprii enexrpomarnitaoro noss (E, H):

— ct -
ﬁ(t) — fd3xfp0(t,f) — N+\/T_HP
— [ d3xpo(t%) Py

3 mi€i GopMynau 3HaXOAMMO BHUpa3 JJisl MIBUAKOCTI CBITJIAa SIK I1HTErPaJbHOI
(rmo0GanpHOT) XapaKTEPUCTUKU €IEKTPOMArHITHOTO MOJIS Y JOBUIBHOMY CTaH1

—
¥ =3|E, H z‘é—f:\/%_ﬂpi;. )

TakuM YMHOM BH3HA4YEHa I[IBHAKICTh CBITIa ©=3|E H| € GyHKIiOHATIOM
HaAIpPyKEHOCTEH eJeKTpOMarHiTHOro mnojsi. Jlerko 6auuTH, 10 Yy MIOCKO-XBUIHOBOMY
HaOJMKEHHI 1€ BUpa3 CIiBIaiae 3 BUpa3oM st (ha30BO1 IIIBUIKOCTI CBITJIA.

Haramaemo, 1110 4ucTo JOPEHIIOBI IEPETBOPEHHS, SIKi TEOPETUKH HA3UBAIOTh MIPOCTO
“boost”, mpu3BOIATH A0 3aKOHY 30epexxeHHa (1), skuil y cydacHiil nitepaTypi
iHTepnpeTyeThes (auB., Hanpukiam, [10, 11]) sk 3akoH 30epekeHHS PyXy EHTPY €Heprii
eJIeKTpoMarHiTHoro mojis. Tomy BuBeneHa (opMmyria BakKJIUBa JJIs CEPElOBUINA, IO

Mmictuth TM Ta TE, 0co0amBo 11 BIANMOBIAHI y3arajJbHEHHS, HAJl SKUMU TIPAIFOEMO.

. _ > v
Came Benuuuna (2), 0 3a1a€Thest QYHKIIOHAIOM U = 13|E ,H|, Ta 1 HaOMM>KEHHS
BUMIPIOIOTHCS Y BCIX €KCIIEPUMEHTAX M0 BU3HAUYCHHIO IBUAKOCTI CBITJIA, SIKE HAAXOIUTh

70 crocTepirada BiJ pi3HOMaHITHUX Jpkepen. OcoOiuMBO, SKIIO I BUMIpIOBaHHS
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BUKOHYIOTBCSl TiJ BIUIMBOM €HEprii P, Ta IMIOyJbCy P €IeKTpOMAarHiTHOro MOoJis Ha
oOJalHaHHS €KCIIEPUMEHTATOpa.

[leBHY KOpHICTH Bijl 3aCTOCYBaHHS BUBEICHOI (DOPMYJIU CIIiJ] O9iKYBaTH TaKOX Y
CydJacHUX JOCHiPKeHHsIX onsarHeHux ¢oToHiB (Dressed Photons) [12] Ta kBaHTOBHX
noTokiB cBiTia (Quantum Fluids of Light) [13].

[TomanpIr qOCTiKEeHHS MOKYTh MPU3BECTH IO HOBUX IHKEHEPHUX TEXHOJIOTIH.
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(2013).
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PO3POBKA IMTOJIMEPHHUX KPIOI'EJIB METOIOM
HUKJITYHOI'O 3AMOPOXKXYBAHHA/POSMOPOXKYBAHHA

J.B. Kynuiekuii, B.JI. JleMueHKO

Inemumym enekmposeaprosanns im. €.0. [lamona HAH Yxpainu, Kuis
e-mail: dvaleriyl@ubkr.net

[Ilopoky MUTHHOHH JIFOEH CTPaXKNAOTh Bl XPOHIYHUX 3aXBOPIOBAHb, TPABMYBAHHS
YHACIJJOK HEIIACHUX BHIIAJKIB, TEPMIYHHUX OIIKIB PIi3HOI MPUPOAH, MEPEIOMIB YU
AeEeKTIB KICTOK. Y JEAKUX BUIAJKaX PAHU 3arOI0IOTHCS MIBUIKO MPUPOTHUM IIIJISIXOM, Y
CKJIQ/IHIIIUX MPOLIEC 3aTATYETHCS Yepe3 MOPYIICHHS 3arO€HHS paH, 1110 YaCTO CIIPUUMHIOE
yckianHeHHs. ToMmy 6arato 3ycuiib JOKJIAIAEThCS JJIsl BUSBICHHS MEXaHI3MY 3arO€HHS
paH Ta po3poOKH crellalbHUX MePEB’A3yBAIbHUX MaTepiaiB.

MeTtoro nanoi po6otu O6yno hopMyBaHHS MOJIMEPHUX KPIOTEJIEBUX MaTepialliB HA
ocHoBi noniBiHI0BOrO crupty (IIBC), riamyponoBoi kucinotu (I'K) 1 HanowactuHOK Ag,0
METOJIOM 3aMOPOKYBaHHS/PO3MOPOKYBaHHS.

3 BUKOPHUCTAaHHAM METOJIB IIHMPOKOKYTOBOTO PO3CIIOBAaHHS PEHTTE€HIBCHKUX
MPOMEHIB, Ju(EepeHIlaJbHOI CKaHYBAJIbHOI KaJOPUMETPIi, TEpPMOrpaBIMETPUYHOTO
aHai3y, MEXaHIYHUX BUIIPOOYBaHb, AHTUMIKPOOHUX, IUTO- 1 TEHOTOKCUYHUX JOCII1KEHb
OyJIu TOCIIIKEH1 OCOOIMBOCTI CTPYKTYPH, TEIUTO(P13UYH1, MEXaHI4H1, aHTUMIKPOOHI, IUTO-
Ta TEHOTOKCHMYHI BJACTHBOCTI MoJjiiMepHUX KpioreneBux MarepiamB [IBC-Ag,O-T'K.
JlocmipkeHHsT KplorejaeBuX HAHOKOMIIO3UTHUX MaTepialiB METOJIOM MIUPOKOKYTOBOIO
PO3CIIOBaHHSI PEHTI€HIBCHKMX MPOMEHIB MOKa3au, 1O B Impoieci GopMyBaHHS 3pa3KiB
BiZIOYBa€ThCS BiTHOBJICHHS 10HIB cpibyia B mosimepuux cucremax [IBC-Ag'-I'K 3a T = 85
°C mpotsirom 1 roguHM 3 MOJAIBIIMM YTBOPEHHSIM HaHOYacTMHOK Ag,0. JlomaBaHHSA
riaaypoHoBoi KUca0TH 10 ckiany [IBC npu3BoauTh 10 301IbIIIEHHS COPOIIMHOT EMHOCTI
3pa3KiB, a 3MEHIIEHHS 4acy 3aMOpPOXyBaHHS Ta KOHIIGHTpallli HAHOYACTUHOK 30UIBIITYE
BOJIOTIOTJIMHAHHSI KpioresneBux matepianiB. Bussieno, mo kommno3ut [IBC-I'K mae Bunmii
CTYMIHb KPUCTAMIYHOCTI TOpiBHAHO 3 BuxigHuM 3paskoMm IIBC. TepmocraOutbHICTH BCiX
JOCIIKyBaHUX 3pa3kiB, kpiM 'K, nmpaktuuno He 3MiHIOETHCA 0 Temmeparypu 200 °C.
Jist nochipKyBaHUX KPiOoTeIeBUX MaTepialiB 3pOCTaE PO3PUBHA MIITHICTD 31 301IbIIICHHSIM
gyacy 3aMOpOXXyBaHHSI Ta KOHIIeHTparlii HaHouacTuHOK Ag,O Bix 0,05 mo 0.5 % wmac.
Kpiorenesi Hanoxkomno3utu [IBC-I'K-Ag BUSABISIM aHTUMIKPOOHY AaKTHUBHICTH MPOTU
MIKpoopraui3miB S. aureus, S. epidermidis Ta E. coli nmpyu KOHIIGHTpAIIsIX HAHOYACTUHOK
okcuay cpibna > 0,05 mac.%. OTpuMaHi HAHOKOMITO3UTH HE OYyJIU HUTOTOKCUYHUMHU.
BoHu He mnpurHidyBajdu SKUTTE3AATHICTH KMTUHHUX KyinbTyp MDCK 1 L-929 npu
KOHIICHTpAIliIX HAHOYaCTHHOK OKCuay cpidna > 0,1 mac.%.

[Ipn nocniKeHHI T€HOTOKCHYHHMX BJIACTHUBOCTEM KpIOTeJIeBUX MaTepialliB He
BUSIBJICHO MyTareHHOi Ta KJIACTOT€HHOI aKTUBHOCTI, 3pa3Ki HE MalOTh allONTOr€HHOT Aii.
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BILJIUB IIABMOBOI OFPOBKU HA KOHIIEHTPALIIO BLUIBHUX
HOCIIB 3APSI1Y PE3OHAHCHO-TYHEJBHUX CTPYKTYP GaN

B.B. I'magkoBcwkuii', M.B. Boitrosuu?, M.O. CemeHEeHK0>

'Hayionanona axademis nayk Yipainu, Kuie
Incmumym (izuxu nanienposionuxie im. B.C.Jlawkapvosa HAH Ykpainu, Kuie
SInemumym izuxu HAH Yipainu, Kuie
e-mail: vovahlad@gmail.com

JloCHiKEeHHST €JIeKTPUYHUX BIIACTUBOCTEH TOHKMX IUIIBOK GaN Mae BaxIuBe
3HAYEHHS JUIsI CTBOPEHHS BHCOKOYACTOTHUX €JIIEKTPOHHUX TMPHIAJIB, TBEPAOTIIBHUX
Ja3epiB, CBITJIOAIONIB Ta IHIIMX ONTOEIEKTPOHHUX MPHUCTPOiB. OIHUM 13 €(EeKTUBHUX
METO/I1B HEpYHHIBHOTO aHaJli3y TaKUX BIACTUBOCTEH € iHppauepBoHa (1) cnekrpockormis,
SKa JIa€ 3MOTy BU3HAYaTH KOHIICHTPAIIiI0 BUIbHUX HOCIIB 3apsiy, IXHIO pyXJIMBICTh Ta 4Yac
penakcarii.

OCHOBOI0O METO/y € SIBUIE IJIa3MOBOTO PE30HAHCY, IO BHMHUKAE BHACIIOK
B3a€EMOJIIi eJeKTpoMarHiTHOT xBuil [Y-miama3oHy 3 BUIBHUMH HOCISIMH 3apsany vy
HaIIBIPOBITHUKOBUX CTPYyKTypax. Ilna3MoBuii pe3oHaHC TMPOSBISETbCA SK pi3Ke
3MEHILIECHHS aMIUTITYAX BiIOWBaHHS, 3a SIKUM ciaiaye ii 3poctanHs. [lonoxenHs 1 popma
PE30HAHCHOTO MiKa 3aJIeXkaTh BIJ KOHIEHTPAILll HOCIIB 3apsiay, IXHbOi €()eKTUBHOT MacH
Ta 4acy pO3CISHHS.

Jlis onucy mpolecy po3CisiHHS BUKOPHCTOBYBalach MOJENb OJHOEIEKTPOHHOIO
ocimsitopa Jpyne—Jlopenna. ¥V 1miii Mojeni eIeKTpOMarHiTHa XBUJIS PO3CIIOETHCS Ha
BUIBHUX HOCISIX 3apsiy, JOBXKHUHA BUIBHOTO TPOOIry SKUX OOEPHEHO MpOoIopIiliiiHa
KoedilieHTy 3aTyxaHHs. [Ipu pe3oHAHCHINM 4YacTOTI Mailke BCS €HEPTis MOTJIMHAETHCS
BUIBHUMH HOCISIMH, II0 OOYMOBIIIOE 3aJIe)KHICTh IIJIa3MOBOi YacTOTH BIJ iXHBOI
KOHLIEHTpalii Ta €pEeKTUBHOI MacH, a LIMPUHY PE30HAHCHOTO MiKa — BIJl 4acy PO3CISTHHS.

Takum uuHOM, BUKOpucTaHHs wMoxaem [pyne—Jlopenna myis oOYHMCIICHHA
TieNeKTpUYHOi (QYHKIII Ta BU3HAYCHHA XapaKTEPUCTHK TIUJIA3MOBOTO PE30HAHCY
3a0e3nedye 3pyyHUi Ta HEPYHHIBHUM MIIX11 A0 HOCTIKEHHS €ICKTPUYHHUX MapaMeTpiB
HaIIBIPOBITHUKOBUX MaTepiaiiB.

Hnst 06pobku  cTpyktyp GaN BUKOPHUCTOBYBAaBCS IUIA3MOXIMIYHHMM pPEAKTOP
IJIAHAPHO1 T€OMETPIi 3 KEPOBAHWM MArHITHUM TOJIEM, SIKE€ CKOH(DITypOBaHO MapasiebHO
MOBEPXHI BHCOKOYACTOTHHUX €JEKTPOJIB. BUKOpHCTaHHS KEpOBAaHMX MArHITHUX IMOJIB
J03BOJIsi€ 30UIBLIINTH TYCTHHY IJIa3MHU Ta 3MEHILUTH i1 HEOAHOPIAHICTh Y 30H1 PO3psAY,
sKa MOYK€ BUHUKATHU depe3 AperioBy HeCcTiiKicTh. KpiM TOro, BUKOPUCTaHHS TAKUX TOJIIB
J1a€ 3MOTY KOHTPOJIIOBATH HANPYTY 3MIIIEHHS (€HEPTii0 XIMIYHO aKTUBHUX 10HIB) [1], m0
cpusie 3a0€3MeUeHHIO PEXKUMY HU3bKOSHEPTeTUYHOT 00pOOKH MaTepiaiB JIJIsl MiHIMi3aIlii
PO3MUWIICHHS Ta pajialiifHOTO IMOUIKOKEHHSI MOBEPXHI 0OpOOIIOBaHUX MaTepialliB B
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pe3yibTaTi 10HHOro 0oMOapIyBaHHs, a TAKOX KOHTPOJIOBATH IIBUJKICTH TPAaBJICHHS Ta

dbopMy mpodiTI0 TPaBICHHS.
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Puc. 1. Cnexktpu [U-BigOuBaHHs 10 Ta Micis TU1a3MOBOT 0OpOOKH OaraToiapoBoi
PE30HAHCHO-TYHENBHOI CTpyKTypH GaN.

Ha puc. 1 nmokaszani criektpu [Y-BimOuMBaHHA 10 Ta MICIS TUIa3MOBOI OOpOOKHU
npotsiroM 15 xB B arMmocdepi aproHy mais 0OaraTomapoBOi PE30HAHCHO-TYHEIBHOT
ctpyktypH (4 mapu) GaN HaBeneHi Ha pucyHKy. [lepiuit map mae ToBuuHy (d) 1 MM 1
KOHIIEHTpaniro HociiB N > 5x10'® cm; npyruit map: d = 3 MmxM, konuenTpanis N = 10"7cm”
3; tperiii map: GaN, d = 2 mxkm, N = 10'® cm?; werBeptmii map: GaN, d = 0,4 MM
(GaN+Fe). Ilicns mna3zmMoBoi 00poOKH criocTepiraeThes nmomiTHa 3miHa [Y-cnekTpa, 1o
n00pe 1IIOCTPYEThCSI HAa pUCYHKY. [l0JI0KeHHS T1a3MOBOI 4acTOTH BHU3HAYAETHCS IO
MaKCcUMaJIbHOMY Tiepexoay amiunTyau [Y-BigOouBanHs Ta ii pi3KOMY 3pOCTaHHIO B OKOJI
noBxuHU XBUT 20 MkM. ITicis o6poOku ik 3MiCTHBCS 10 21 MKM, a TaKO 3'SIBUBCS I1Ie
oJiuH ik mo6suzy 19 mxwm. [1posiB po3uienieHHs cMyTH, IMOBIPHO, MTOB'A3aHH 3 BUCOKOIO
KOHLIEHTPAIIEI0 HOCIIB 3apsily, U0 CBIAYUTH PO 3MIHM, SIK1 BIIOYJIMCA B TIOBEPXHEBOMY
BHCOKOJIETOBaHOMY 1api ToBuMHOWO 1 MkM. IlomoxxkenHss Ta QopMy pe3oHaHCIB
MOPIBHIOBAJIM TUISIXOM aIlpoKCUMAaIlli 3ajie’)kHOCTI R Bif (co‘z) JUIS. KpUBHUX 1O Ta MICHsS

00pOOKH.
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3 pIiBHSHHS 3aJEKHOCTI TMOJIOKEHHS TUIA3MOBOI YacTOTH BU3HAYWIM, IO MICTS
1a3MOBOI 00POOKM KOHIIEHTpaLlisd HOCIIB 3MEHIIMIAcs Ha J1Ba mopsaku. KoHmeHTparris
HOCI1B OITIHIOETHCS 32 (OPMYJIOO /IS TIIIa3MOBO1 YaCTOTH:
qu
em*’
ne N — KOHIIEHTpaIlisl BUIbHUX €JEKTPOHIB,  — 3apsia eIeKTpoHa, m* — edeKTHUBHA

2
U)p—

Maca eJIeKTPOHa, € — JieJICKTpUYHA IPOHUKIIUBICTh MaTepially.

[Tna3zmoBa 00pobKa CpHYMHAE 3CYB MiKy MIa3MoBoi yactot GaN Ta PU3BOIUTE
JI0 PO3LICIUICHHS PE30HAHCHOI cMyTH. IIpH 1IbOMy MOJOKEHHS IIa3MOBOIO PE30HAHCY
3CYBA€ThCS B 00J1aCTh HUJKYMX YACTOT, IO CYHPOBOKYEThCS 3MEHIIEHHAM KOHLIEHTPALIil
BiIbHUX HOCIIB 3apsany Bix 1,15x10%° cm™ 1o 4,1x10'8 cm micns 06pobkw.

[1] V.V. Hladkovskiy, et.a. Probl. At. Sci.Technol.1 (95), 156 (2015).
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SPECTRAL ELLIPSOMETRY INVESTIGATION OF
SINGLE-CRYSTAL Ag7+x(P1xGex)S¢ SOLID SOLUTIONS

L.O. Shender!, A L. Pogodin', M.J. Filep?, T.O. Malakhovska', M.M. Pop!

TUzhhorod National University, Pidgirna St. 46, 88000, Uzhhorod; Ukraine,
’Ferenc Rakdczi Il Transcarpathian Hungarian College of Higher Education
iryna.shender@uzhnu.edu.ua

The superionic compounds Ag;PS¢ and AgsGeSe¢ belong to the large family of
compounds with the argyrodite structure [1,2]. This work is devoted to investigation the
influence of heterovalent cationic substitution P°*«<>Ge*" on the optical properties of
Agrx(P1xGex)Se (x = 0; 0.1; 0.25; 0.33; 0.5; 0.75; 1) solid solutions.

Single-crystal samples of the Ag7:x(P1xGex)Se solid solutions were grown by
directional crystallization from melt. The dispersion of the refractive index n of the pre-
polished samples with a thickness of 0.2 mm was investigated using a HORIBA Smart SE
spectral ellipsometer (spectral range 440-1000 nm, incidence angle 70°) [3]. The
calculation of the refractive index dispersion n and extinction coefficient k was performed
in the AutoSoft program using the Drude + Tauc Lorentz model.

The spectral dependencies of the refractive index exhibit nonlinearity, with a
maximum observed in the spectral range of approximately ~645 — 820 nm.
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Figure 1. Compositioanl dependence of the refractive index n for single crystals of
Agrx(P1xGey)Se (x =0; 0.1; 0.25; 0.33; 0.5; 0.75; 1) solid solutions.
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It has been established that heterovalent cationic substitution P>*—Ge*" within the
anion sublattice in Ag7x(P1.xGex)Se solid solutions leads to a monotonic nonlinear increase
in the refractive index n from 2.58 for Ag;PS¢ to 2.75 for AgsGeSe (Fig.1.).

The obtained refractive index values were used to describe the optical parameters
using the Wemple-Di Domenico model.
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Figure 2. Compositional dependence of the optical band gap values of
Agr(P1xGey)Se (x = 0; 0.1; 0.25; 0.33; 0.5; 0.75; 1) solid solutions.

The determined values of the optical band gap E; vary from 1.38 to 2.22 eV (Fig. 2),
and suggest that the single-crystal samples of the Ag7.«(PixGex)S¢ solid solutions could be
considered as promising materials for solar energy applications.

[1] W.F. Kuhs, R. Nitsche, K. Scheunemann The argyrodites - a new family of the
tetrahedrally closepacked structures. Mat. Res. Bull. 1979, 14, 241-248.

Doi: 10.1016/0025-5408(79)90125-9.

[2] D.I. Bletskan, I.P. Studenyak, V.V. Vakulchak, A.V. Lukach. Electronic structure
of AgsGeSs, Semicond. Phys. Quantum. Electron. Optoelectron. 2017, 20, 19-25.
Do1:10.15407/spqe020.01.019.

[3] T.O. Malakhovska, A.l. Pogodin, M.J. Filep, M.M. Pop, 1.O. Shender, H.Yu
Havryltso, O.P. Kokhan, R.T. Mariychuk. Ellipsometric studies of Ag7(P1.xGex)Se
single crystalline solid solutions. Sci. Bull. Uzhh. Univ. Ser. Chem., 2024, Ne 1 (51),
54-58. Doi: 10.24144/2414-0260.2024.1.54-58
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CHARACTERISTICS AND CONDITIONS OF PULSE GAS-
DISCHARGE SYNTHESIS OF THIN FILMS
OF NICKEL OXIDE (NiO)

M.M. Feldii, O.Y. Mynia, O.K. Shuaibov, R.V. Hrytsak, M.M. Pop,
V.V. Danylo, O.V. Zubaka

Uzhgorod National University, Narodna Pl. 3, Uzhgorod
e-mail: mykhailo.feldii@uzhnu.edu.ua

Nickel oxide nanostructures are widely used in microelectronics, nanotechnology,
medicine and biology. In particular, in [1] the results of the manufacture and application
of dye-sensitized photocathodes from NiO were reported.

The report presents the results of a study of the conditions and characteristics of the
synthesis of thin films of Nickel oxide by their deposition from an overvoltage nanosecond
discharge (OND) plasma between Nickel electrodes in atmospheric pressure oxygen.

OND characteristics: voltage and current oscillograms on the discharge chamber
electrodes, radiation spectra, oscillograms of the most intense spectral lines and bands were
performed using the stand described in [2]. The distance between the electrodes, which
were made of Nickel, was d = 2—3 mm. The discharge was ignited using a bipolar voltage
pulse generator with a duration of 100—150 ns and an amplitude of +£(20—40) kV. The
repetition rate of the voltage pulses could vary in the range of 40—1000 Hz. Under such
OND ignition conditions, it existed in an overvoltage mode, when favorable conditions
were created there for the generation of “runaway electrons” and the accompanying
ultrasoft X-ray radiation. As a result of these factors, which played the role of the automatic
pre-ionization system of the discharge gap, a spatially uniform discharge in the form of a
ball with a diameter equal to the distance between the electrodes was ignited. The
introduction of Nickel vapor into the discharge gap occurred due to the formation of ectons
on the surface of the electrodes. Once in the plasma, Nickel vapor entered into plasma-
chemical reactions with Oxygen and its decomposition products in the plasma to form
clusters and nanoparticles of Nickel oxide. Due to the gas-dynamic expansion and
scattering of the formed nanoparticles on the dielectric substrate installed near the electrode
system, thin films of Nickel oxide were deposited.

At atmospheric pressure of Oxygen and frequency f= 80 Hz, the amplitude of voltage
of one polarity on the electrodes was reached in the initial stage of the discharge and was
~ 15 kV, and the current was about 200 A. The maximum pulse power of the discharge
reached =~ 4 MW, and the energy in a single electric pulse was 176 mJ.

Fig. 1 and Table 1 show the characteristic emission spectrum of the gas-vapor mixture
"O2 - Ni" when excited in the OND with ectonic introduction of Nickel vapor into the
plasma and the results of its identification in the spectral range 200 — 450 nm.
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Figure 1. OND emission spectrum between Nickel electrodes at an atmospheric
pressure of Oxygen of 1 atm (f=80 Hz, d= 2-3 mm).

Tablel. Results of identification of the emission spectrum of OND plasma between
Ni electrodes at an atmospheric pressure of Oxygen (d=2 mm; f=80 Hz).

Ne | A table, Lo | Objec | Eiow, | Ehign, Term 1o Term high
nm a.u. t eV eV
oa.

1 | 219.73 46 Nil | 021 ]| 585 3d°(*D)4s *Dy 3d*(CP)4s4p(°P°) *P°;

2 | 22445 65 Nil | 0.10 | 5.631 3d°(D)4s Ds 3d*CF)4s4p('P°) °F°,
9

3 | 232.00 138 Ni I 0 5.34 3d3(F)4s® °Fu 3d3CF)4s4p('P°) 3G°s

4 | 24193 34 Nil | 0.16 | 5.28 3d%(°F)4s? °F; 3d%('D)4sdp (°P°) ‘D>,
5

5 | 300.24 19 Nil | 002 | 4.15 3d°(CD)4s °Ds 3d%CF)4s4p (°P°) *D°;
5

6 | 409.59 93 0> BX—-X’T (1,19)

7 | 437.26 79 02 BX—-X’T (2,21)

In the ultraviolet region of the spectrum, only the spectral lines of the Nickel atom
were observed. The most intense of them was the resonant spectral line at 232.00 nm. No
Nill spectral lines were detected. This distribution of the intensity of the Nil spectral lines

(see table) is consistent with the distribution of the effective cross sections of excitation of

these lines by direct electron impact [3]. The dynamics and results of the synthesis of films
based on clusters and nanoparticles of Nickel oxide are planned to be carried out using the

XploRA PLUS Raman scattering spectrometer.

[1] K. Zhu, G. Vbl, and A. Yuijse, Chem. Phys. Rev.5, 021305 (2024).
[2] O.K. Shuaibov, A.O. Malinina, Progress in Physics of Metals, 22, 382 (2021).
[3] Yu. M. Smirnov Journal of Applied Spectroscopy. 76, 661, (2009).
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RECOVERABLE LUMINESCENT HYDROGEN PEROXIDE
SENSORS BASED ON CeO:x NANOPARTICLES

Yevhen Neuhodov!, Pavel Maksimchuk!, Ganna Grygorova!, Kateryna Hubenko!,
Andrey Onishchenko?, Nataliya Kavok!, Galyna Dudetskaya',
Yurii Kot?, Svetlana Yefimova', Vladyslav Seminko!

I Institute for Scintillation Materials NAS of Ukraine, Kharkiv, Ukraine
e-mail: yevhen.neuhodov@gmail.com
? Kharkiv National University of Radio Electronics, Kharkiv, Ukraine
3 V. N. Karazin Kharkiv National University, Kharkiv, Ukraine
e-mail: yevhen.neuhodov(@gmail.com

Reactive oxygen species (ROS) play a significant role in the processes occurring in
living organisms. Such forms as hydroxyl radicals, superoxide ions and hydrogen peroxide
(HP) are among the most common products of cellular metabolism and in low
concentrations play an important role in many intracellular physiological processes.

However, due to the fact that these molecules are essentially free radicals, an
increase in their concentration above normal can lead to extremely negative consequences,
such as oxidation of cell membranes, damage to proteins, DNA, lipids, which ultimately
can manifest itself in the development of oxidative stress and cell death. That is why the
regulation of ROS concentration at the cellular level is a very important task.

Luminescent hydrogen peroxide sensors based on nanoparticles (NP) activated by
rare earth ions are highly sensitive, photo- and temperature-stable and reversible, in
addition, sensitivity and reversibility can be improved. Which gives a significant
advantage, since, unlike most organic HP sensors, they are suitable for multiple use.

The work is devoted to the study of the properties of luminescent sensors for the
detection of HP based on CeO, and CeO,« nanoparticles.

It was found that undoped (CeO,-,) and doped Eu*" (CeO,-:Eu’**) colloidal cerium
nanoparticles obtained in this study provide effective detection of hydrogen peroxide by
quenching the luminescence bands of Ce’" (as a result of oxidation
Ce** — Ce*") and Eu®* (as a result of energy transfer from Eu®* ions to hydroxyl groups).

It was shown that the luminescent sensors CeO,-, and CeO,_:Eu** are reversible,
and the recovery rate can be significantly increased by using temperature and/or continuous
UV irradiation (325 nm). As a result, the time for complete recovery of the luminescence
signal for both sensors can be reduced from several days to less than 1 hour.

Acknowledgments: This research was supported by National Research Foundation
of Ukraine, Grant Ne 2023.03/0050.
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CUMBOJIBHA PEI'PECIA B AHAJII3I JAHUX
KOJIAUJIEPHUX EKCIIEPUMEHTIB

J1. Kiexonp, JI. I'ominka-be3mmiiko, O. be3mmiiko

Kuiscvkuti nayionanvruuti ynisepcumem imeni Tapaca Lllesuenka, Kuis
e-mail: klekots.denis@gmail.com

AKTUBHMIA pPO3BUTOK (I3UKM BHUCOKMX €HEpPrii Ta 30KpemMa KoJaiaepHux
EKCIIEPUMEHTIB, CBITHICTb SIKHX CYTTEBO 3pOCTAa€ TPU KOKHOMY OHOBIICHHI
MPUCKOPIOBaYa, CIIPUUMHSIE HOBI BUKIIMKH, TIOB’s13aH1 3 HEOOX1HICTIO BUKOHAHHS aHaJli3y
nanux. Tak, HaOUIbII BUAATHE 32 OCTAHHI JCCATUIITTA BIAKPUTTA 0030Ha Xirrca [1,2]
3a3Hayae BiXy B CyYaCHUX JOCIIIKEHHSX, TOCSITHYTY 3a JOIMOMOIOI0 JIETAIIbHOTO aHaJli3y
BEJIMKOI KUIBKOCTI JJaHUX.

B ocrtanHi poku BUKOPUCTaHHS MAlIMHHOTO HaBYaHHS y (Pi3Ulll BUCOKUX €HEpriit
CTaJIO IOCUTH NOMYJISIpHUM. TaKi anropuTMU sIK IOCHJIEHI JepeBa pilieHsb [3] Ta HeHpOoHHI1
Mepexi [4] AEMOHCTPYIOTh BUCOKY €(EKTHUBHICTh y 3ajadax kiacudikallii, BKIIOYaOUn
BIIJIIJIEHHS CUTHAJIbHMX Ta (oHOBUX moxAid. Ilompu 3HauHWMNA ycmiX, BEJIUKUM
00OMEKEHHSIM METO1B MAaIlIMHHOTO HABYAHHS € IHTePIPUTAOEIBHICTh. BUTBIIICTH MIIX0/11B
MPALIOIOTh 32 MPUHIUIIOM «YOPHOI CKPHHI», 10 JAIOTh NepeadayeHHs, B TOM yac K iX
BHYTPILIHS YacTHMHA Ta OOrPYHTYBaHHS NPUHHATHX pILICHb 3a3BUYail 3aJUIIAIOTHCS
HE3pO3YMIJIUMU HAYKOBIISIM, SIKI BHUKOHYIOTH aHali3 AaHuX. Jlis BUpilieHHS JaHOi
po0JIeMU MU IPOMOHY€EMO HOBUM MiAX1]l, 3AaCHOBAaHUI HA CHMBOJIbHIN perpecii, anropuTm
AKO1 [5] B pe3ynbTaTi BIAHAXOAUTH AHAJIITUYHE PIBHSHHS, 1110 TIOB’SI3y€ (PI3UYHO BUMIPSIHI
naH1 111 oOyJOBU KPUTEPIiB, 3a SIKUMH B1ICIFOETHCS (DOH Bl CUTHATY. 3alpONOHOBAHUIMA
METO/] TOPIBHIOETHCS 3 BUKOPUCTAHHSIM MMOCUJICHUX JiepeB piteHsb [3]. s nemoncTpartii
OyJI0 BUKOPUCTAHO BIAKpUTHM HaOlp manmx kojadoparii ATLAS [6]. [lns nemoncTpartii
MIIX0y MH BUKOPUCTOBYEMO JIMIIIE JIEITOHY MOAY po3naay 06030Ha Xircca, mpoTe i71es
X0y € YHIBEPCAIBHOIO.

Mopnens TOCWIEHMX JEepeB pilieHb OyJla HaTpPEHOBAaHA 3a JIONOMOTONO
oOuuctoBanibHOro nakery XGBoost [7] nns BukoHaHHS OiHapHOTrO mnepeadayveHHs 3
BukopuctanHaMm 100 gepeB, MakcuMaibHa IIIMOMHA KOKHOTO 3 HUX JIOPiBHIOE 12 TIOK.
[Ipu upomy 80% naHuMX BUKOPUCTOBYBANOCA Uil TPEHYBaHHs, B TOi dac sk 20% Oyio
3ape3epBOBaHO IS Baijaiii. TpeHyBaHHS CHMBOJIBHOI perpecii 3/iHCHIOBAJIOCS 3a
nonomororo koay PySr [5] Ha TuX ke TaHHX.

Jlnst orminku edEeKTUBHOCTI aHANI3y BHKOPUCTOBYBAIM aKTHBAIIAHY (DYHKIIIO
curmoin (o) Ta MeTpuky OiHapHOI nepexpecHoi entportii (L).

1
70 =T
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N
1
L= =) vl + (1= y) - In(1 = p))
i=1

TyT nmiacyMoByBaHHSI TPOBOAUTHCS 3a MOAISIMH, Y; — TOCTOBIPHUH TUII IO (pIBHE
1 mnst curnany ta 0 - s GoHy), p; — mepeadadeHHs] MOJIENi. 3a pe3yJIbTaTaMH MEePEBIPKH
Mojeliel Ha BalijaniiHoMy Habopi nanux, eHtpomis L cranoBuia 0.544 ta 0.503 mos
Mojieliel TOCUJICHHUX JePEeB pillieHb Ta CUMBOJIBHOI perpecii BiAMOBIIHO.

e B Background B Bacliground
E Signal LETs!

254

200

-4 -2 0 2 4
Meder] oustput

Puc. 1. Buxingui 3HaueHHs: Mojieli O1HapHO1 kKiacudikailii, moOyJoBaHOT HA OCHOB1 MOCUJICHUX
JIepeB pilieHb (3711Ba) Ta CHMBOJIBHOI perpecii (crmpaa). [{ocTOBIpHO CUTHaABHI MO/I1i TO3HAYEHI
YEepBOHUM KOJIbOPOM, JTIOCTOBIPHO (POHOBI MOIT - OJIAKUTHUM

Ha puc.1 300pakeHH1 ricrorpaMy BUXITHUX 3HA4eHb Mojell 0e3 akTHUBaIliHOI
GbyHKIIii.

OtpumMaHi pe3yJibTaTH TPEHYBaHHS MOJIEI1 CHMBOJIBHOI perpecii Ta ii OpiBHAHHS 3
MOJICJUTIO TTOCHJICHUX JEPEeB PillleHb BKAa3yIOTh HA 3MEHIIICHHS MEPEXPECHOT eHTPoIii Ha
9,2%, a TaKOX MOJENb CHMBOJIBHOI PETrpecii € aHATITUYHOI (POPMYJIIOL0, 1[0 Ma€ 3HAYHO
OB LIHHUWA HAYKOBUH pe3yJbTaT MOPIBHAHO 3 JEPEBOM pIllleHb YU HEWPOHHOIO
MEPEXKEIO.

JlocmimkeHHsT 4acTKOBO miaTpuMaHo (iHancyBanHsM HDJIY B pamkax mpoekty
«BupimeHHs cydyacHux mpooOseM Ximii, 6i0MeAUIMHA, (PI3UKH Ta MaTepiaio3HABCTBA 3
BUKOPUCTAHHSAM LIEHTPY BHUCOKONPOAYKTUBHHUX OOYMCIIEHb 1 MAIIMHHOIO HaBYaHHI,
peectpatiiianii Homep 3asBku 2023.05/0024 (Koukypce «JlocmiaHuiibKi 1HPpacTpyKTypu
IUIs IPOBEJICHHS NIEPEJOBUX HAYKOBUX JOCIIKEHBY).
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SOFTWARE PACKAGES FOR THE BEAM AND BACKGROUND
MONITORING IN THE LHCb EXPERIMENT

S.B. Chernyshenko, D.M. Ramazanov, V.O. Kyva, O.Yu. Okhrimenko, V.M. Pugatch
Institute for Nuclear Research, Kyiv, Ukraine
e-mail: chsb2010@gmail.com

The LHCb experiment [1] is aimed at accurately measuring CP violation in the decays
of hadrons with heavy quarks. LHCb also performs studies of heavy ion collisions, lepton
flavour universality, rare decays and the searches of the processes beyond the Standard
Model. There is a unique feature of the LHCb experiment to carry out studies in the collider
mode and in the fixed-target mode with gaseous target, simultaneously. Upgrading LHCb
in 2019-2021 allowed to increase the instantaneous luminosity in RUN-3 to 2x10** ¢m™
s 1. For the safety and reliability reasons there are three Beam and Background monitoring
systems in the LHCb experiment in RUN-3 (2022—-2026) [2]. The development and
successful implementation of the software packages for one from this triad, namely RMS-
R3, is a subject of this presentation. RMS-R3 is eight detectors assembly with a specific
design for performing on-line two monitoring tasks: permanent measuring and presenting
of the instantaneous luminosity and its evolution, controlling the reproducibility of safe
and background-free conditions of the experiment.

While the first task solution was presented last year at the IEP Conference 2024 [3],
this presentation is devoted to describing the software packages developed and
implemented to perform the second task. It is targeted to provide a user-friendly interface
for physicists on duty in the LHCb Control Room. Using WinCC tools it displays RMS-
R3 information for quick elimination of contingency situations (like exceeding the
maximum luminosity of the LHCb experiment, shift of the beam’s collision region, large
background, etc.). The performance of this task is based on exploitation of the method of
asymmetry.

Asymmetry methods for enhanced monitoring capabilities at LHCb was successfully
implemented for the RMS-R3 software packages. Program codes were written to create 2D
time-dependent plots for the asymmetry projections X and Y axes in WinCC for four pairs
of the RMS-R3 detectors, with established boundary conditions. Windows in the WinCC
graphical application now display asymmetry projections for each pair of the RMS-R3
detectors, while algorithms calculate average asymmetry values and determine safe
operational limits for asymmetries.

One can see, that the value of both asymmetries is very low and does not exceed
1%! This reflects the fact that the position of interaction region (IP8) is unchangeable
within 40 pum in X-, Y- direction and 9 mm in Z- direction, as calculated by the primary
vertices’ reconstruction by the LHCb Vertex Detector, confirmed by the LHC Beam
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Position Monitors. On the other hand, RMS-R3 capable to measure with an accuracy of
0.1 %, even over long period of time. This was used to establish the acceptable limits for
the change of asymmetries, which guarantee safe and effective data taking. Fig. 1 shows
asymmetries measured by two pairs of the RMS-R3 detectors, located close to the beam

pipe.

Aezaun. Crys angmemainy L 0150 0000

111

Figure 1. Asymmetries plots for the RMS-R3 detectors pairs (close to the beam pipe). Left panel:
“Top-Bottom” detectors. Right panel: “Left-Right” detectors. Horizontal lines indicate upper
and lower limits of allowed asymmetries. (data correspond to 2024 runs)

A graphical interface on the MONET web browser resource with four dedicated
monitors displaying asymmetry projections for “Top-Bottom” and “Left-Right” detectors
pairs was implemented. These interfaces now appear as separate screens on the LHCb
control panel in the Control Room, providing operators with real-time monitoring
capabilities. Comprehensive comments integrated into the interface explain the asymmetry
method and guide operators when values exceed established limits. Data collection and
processing architecture was optimized through specialized code that collects detectors data
and formats it appropriately for analysis, with output functionality implemented in WinCC
for comprehensive data recording.

The integration in frames of WinCC and MONET resources represents a crucial
achievement, enabling efficient monitoring of beam and background conditions. Through
this integration, RMS-R3 has been fully incorporated into the LHCb ECS environment
with scripts for data processing and visualization in WinCC and MONET. The advantage
of these software solutions is the new user functionality and seamless integration of the
RMS-R3 system into LHCb's monitoring structure.
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EJJEKTPOHHA CTPYKTYPA IIPEKYPCOPA NasSis 1
KJATPATY Na24Sii3e

J. 1. bienxan!, B. B. Bakynpuak!, A. I. Tanax!, B. M. Ka6amii®

TV orceopoocwruii nayionanvnuii ynieepcumem, Yorczopoo,
’Myxauiscoxuii depocasnuii ynisepcumem, Mykaue6o
email: crystal lab457@yahoo.com

Oco06muBy yBary B raify3i TepPMOEICKTPUKNA OCTAaHHIM 9YaCOM IIPUBEPTAIOTH KJIATPATH,
30kpema 1 kiatpat NaysSijze. CunTes Kmarpaty NayaSijse 6a3yeTbest Ha BUJAICHHI aTOMIB
Na 13 mpekypcopa NasSis IUIIXOM TEPMIYHOTO pPO3KIAJaHHS, peakiii 3 XIMIYHUMHU
OKHCHIOBa4aMH, a0 ICKpOBOr0 TIJIa3MOBOTO CHIKaHHS, MICIs $IKOTO TeTpaeapHuyHI
Kkiactepu Si nepeopMOBYIOTECS y KJIaTpaTHI KIITKUA MIPHU JOCUTHh BUCOKUX TEMITepaTypax
(623-873 K).

Cuminug Hatpito (NasgSis) KpUCTATI3Y€ThCSI B MOHOKJITHHIN CTPYKTYPI 3 MPOCTOPOBOIO
rpynoto C2/c i mapamerpamu rpatku a = 12.1536 A, b = 6.5452 A, c=11.1323 A, a =
90.000°, B =118.9°, vy =90.000°, Z = 4 [1]. Kpucraniyna crpykrypa NaSi noOyaoBaHa 3
i30mpoBanKx Terpaenpis [Sis]*, orouenux kartiomamu Na' Ha KOXHilM rpani TeTpaempa
(puc. 1, a). EnemenTtapna komipka NasSis mictuth 16 aTomiB Na 1 16 atomiB Si.

a Na o Si

Si

Puc. 1. a — Kpucraniyna ctpykrypa NasSis; 6 — yB’i3yBaHHS ABOX ITPaBUIbHUX
nostienipiB Siyg 1 Sip, iHKancynboBanux aromamu Nal 1 Na2 knatpaty NaysSise.

Knarpar NaySijze — ne crpykrypHuii kinarpat tumy-lI, mo kpucrtamizyeTbesi B

rpaHeleHTpoBaHiil Ky6iuHiil crpykTypi (a = 14.62 A) npocTtoposoi rpymu £ d3m [2]. B
eJIeMEHTApHIM KOMIpIl HasBHI 16 MATUKYTHUX AoJeKaenpiB Sip) 1 BICIM OUIBIINX
rekcakaiiekaenpis Sis (puc. 1, 6). Llentpu 6araTorpanHuKiB Sipg, 1 Sipg 3aiHATI aTOMaMU
Hatpiro Nal 1 Na2, zaiimaroun 16¢- 1 8b-kpaTHi MO3MUIIT ¥ XapaKTepU-3YHOTHCS
KoopauHauiiaumu uucaamu 20 1 28 BignmoBigHO (puc. 1,6). Y xmarpaty NaxSiise
noJrieipaibHl KIITUHA Si, 1HKAINCYJIhOBaHI aromMamMu Na, MICTATh CHUIbHI MOBEPXHI 3
TeTpaeAPUIHO KOOPAMHOBAHUMHU 3B’ SI3KAMH.
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Enextponni ctpyktypu NasSis 1 kiarpaty NaxsSijze, pO3paxoBaHi METOJIOM
byHKIIIOHAY €NeKTpoHHOI ryctuHu B LDA-nHaOmwkeHHi, nmpuBeaeHi Ha puc. 2, a, 6
BiAMOBIAHO. CTPYKTYpH €HEPreTUYHUX 30H PO3TIISAYBAHUX CIOIYK CHIBHO PI3HITHCS. Y
NaySiy MoBHICTIO 3aMTOBHEHUMH € 20 eHEepreTUYHUX 30H, 00’ €JHAHUX Y TPHU 3B’SI3KH, SKi
po3aisieHl 3a00pOHEHHMHU EHEPreTUYHMMHU TpoMiKKaMu. PiBenp Depmi moTparsie y
3a00poHeHy 30HYy. Bepinna BajgeHTHOT 30HU B NasSi4 JIOKai30BaHa B TOUIIl Z, a JHO 30HU
MPOBITHOCTI 3HAXOAUThCs B Touli ['. OTke, CUIIIMI HATPIIO € HENPSIMO30HHHUM
HaMIBIPOBITHUKOM 3 pO3paXx0BaHOK IIUPUHOIO 3a00poHEHOT 30HU E,; = 1.08 eB.
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Puc. 2. 3onna ctpykrypa NasSis (@) 1 kiatpaty NaxsSiise (0)
y npudepMiiBChKiil 00acTi.

Ha Bigminy Big nmpexypcopa NasSiy, piBenb @epmi y kinarpaTy NayaSijze 3HAXOAUTHCS
B 30H1 MPOBITHOCTI (pUC. 2, 6), TOOTO AaHUI KiIaTpat € metaiaiyaum. Lle Bkasye Ha Te, 1m0
B3aeMoiiss Na—Na 1 Na—Si € nepeBakHO 10HHOI, a Na i€ TOJJOBHHUM YHHOM SK JIOHOD
enekTpoHiB. PiBenb ®depmi Bijcikae y 30HI MPOBIAHOCTI €HEPreTUYHUM I1HTEpBAI 3
MaKCHUMAaJIbHOIO MIHUPpUHOK y Toulll [, pieHoto 0.8 €B. Ilelt inTepBan BiAOKpEeMIICHUN BiJl
OCHOBHO1 YaCTUHU BAJICHTHOI 30HU €HEePreTUYHOO 1IinHoI0 0.76 €B.

VY xnatpaty NaSij3¢ NOBHICTIO 3anI0BHEHUMHU € 70 eHepreTHYHUX 30H. [HpopMaliiro
PO BHECKH aTOMHHX OpOiTaJiel y KpUCTaIiuH1 CTaHu NaysSij36 Tal0Th pO3paxyHKHU MOBHOT
W JIOKaJIbHMX TapIliaibHUX TYCTUH cTaHiB. [[OBHa mMpuHa BajeTHOI 30HM KJIAaTpaTy
Nay4Sij36 BU3HAYAETHCS BIIHOCHUM PO3TAllyBaHHSM S- 1 p-CTaHIB KPEMHIIO 1 CKJIaaae
12.55 eB. BHecok cTaHiB aTOMiB HaTpil0 y MOBHY I'YCTUHY BaJICHTHUX CTaHIB € HE3HAUHUM.
Haiinmkya miji3oHa 3 23 3an0BHEHUX 30H ¢(popMOBaHA B OCHOBHOMY 3 S-CTaHAMU KPEMHIIO
3 HE3HAYHOIO JIOMIIIKOIO 3p-CTaHiB HaTpit0. B eHepreTuuHoMy iHTepBai Bij —7 10 —5 eB
3HaXOJIUThCS TaK 3BaHa s-p-00J1acTh, TOOTO obOsacTh ridpuauzariii 3s- 1 3p-craniB Si. Y
BaJICHTHIA 30HI JTaHOTO KJATpaTy Iiil o0JacTi BIAMOBINAIOTH 12 €HEpreTUYHUX 30H.
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Bepxns 3B’s13Ka 3 33 eHepreTMYHUX 30H C(OPMOBaHA 3 IOMIHYIOUUM BHECKOM 3p-CTaHiB
Si. B kpemHili-HaTpieBOMYy MeTamiuHOMY KiaTpati NaSijze B 007acTi HE3amOBHEHHX
€JICKTPOHHMX CTaHIB JJOMIHYIOTh BHECKHU p- 1 d-CTaHIB KPEMHIIO, a B OKOJI piBHA Depmi
HE3HAaYHUI BHECOK JAIOTh S-CTaHH HATPIIO.

[1] T. Goebel, Y. Prots, F. Haarmann, Z. Kristallogr. NCS 223, 187, (2008).
[2] C. Cros, M. Pouchard, C. R. Chimie 12, 1014, (2009).
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PO HAPO’KEHHSA KBAHTOBOI MEXAHIKHU
TA PIBHAHHS JIPAKA

B.M. Cumymuk!', LM. Biran?

! Tuemumym enexmponnoi ¢izuxu HAH Yrpainu, Yaceopoo, Yrpaina
’IIBH3 « Yaczopoocviuti Hayionansnutl ynisepcumem, Yoczopoo, Ykpaina
e-mail: bihan.ivan@student.uzhnu.edu.ua

VYV 2025 poui BunoBHI0€ThCs 100 pokiB 3 THS HApOKEHHSI KBAHTOBOI MEXaHIKH SIK
TEOPETHYHO1 MOIeTi aTOMHUX siBUII. J{iticHO, 100 poKiB MUHAE 3 THS TIOSIBH BiIOMOT CTaTT1
Bepuepa I'eitzen6epra [ 1] mpo Matpuuse GopMyTIOBaHHS KBAHTOBOI MEXAHIKU Y TEPMiHAX
CIIOCTEPEKYBAaHUX BEJIMYMH Ta (yHAaMeHTaIbHMX cTtatedl Bonbdranra Ilaym [2, 3].
Binoma crarta Epsina Illpeninrepa npo OCHOBHE pIBHSHHSL HepensimugicmcbKoi
KBAaHTOBOI MexaHiku [4] Oyna omyOiikoBaHa Ha pik mi3Hime —y 1926 pori. [lo6ynosa
OCHOB KBaHTOBOI Teopii Oyia 3aBepiieHa y 1928 poriii 3 mosBoro crarti [lons [ipaka [5],
7€ TPEJCTaBICHO OCHOBHE DIBHSHHS pensamugicmcvbkoi KBaHTOBOI MexaHiku. Came
I'eitzen6epr, lpeninrep, Hipak Ta [layni 3a ixHl TeopeTuyHi podOTH OyiM BiJ3HAYEHI
HoOeniBchkuMu npemMisimu.

ITikaBo, 1o 3anponoHoBaHe Ilaysi KBaHTOBO-MeXaHIUHE PIBHSAHHSA JIJIsl €JIEKTPOHA
HE 3HaWIIO Takoro nomupeHHsa Ak piBHsAHHA Llpeainrepa ta [ipaka, a HoOemiBcbKy
MPEMIiI0 BIH OTPUMAB 3a MPUHLMI BUKIOUEeHHS [lay:i, 3riHO 3 SIKMM J[Ba €JIEKTPOHU HE
MOXYTh THiepe0yBaTM B OJHOMY KBaHTOBOMY cTaHi. Takuil craH 3rigHo [laymi
XapaKTepU3yeTbCcs YOTMPMa KBAaHTOBUMHU YHCJIaMH, BKIIIOUAIOYM BBEJACHE HUM HOBE
KBaHTOBE yucio. Llei cTyninp BUIbHOCTI OyB 17eHTH(1KOBaHU y 1925 powi [ kopmaxem
VYnenbexom ta Camyenem ['oyZCMITOM SIK CITIH €JIEKTPOHA.

[Ilomo kBaHTOBOI (hi3WIKM B IILJIOMYy, TO BOHA Oepe CBiil moyarok 3 mpai [6] mie
onnoro HoGeniBcrkoro naypeara Makca [lnanka, a teoperuuni mozemi [eiizenbepra,
Mpeninrepa, ipaka Ta [layini cnimpatoTbes He nuiie Ha BIAKpuTTa Makca [lnanka, ane i
Ha Iy HU3KY poOIT HE MEHIN BIAOMUX aBTOPIB, Takux sk AnbOept Eitnmreitn, EpHcT
Pezepdopn, Hinse bop, Bansrep I'epnax ta Otto IllTepn, Aptyp KomnTon i Garato
iHmMX. HaykoBi ycrixu BUeHHX y OaratoMy Ha pe3yiabTaTd 1925 poli ctany MOXIMBUMU
3aBASKU HANOJICTJIMBIN Ta pe3yabTaTUBHIN Mpalll iX nmonepeaHukiBb 3a nepiod 3 1901-ro no
1924 poku. SIK110 HaBITH KOPOTKO TOBOPUTH PO 1ICTOPiF0 CTBOPEHHS KBAHTOBOT MEXaHIKH,
TO HEOOX1THO 3rajiaT mpo aBTopiB piBHIHHS KieitHa — ['opgona. Came 3 IbOro piBHSHHS
BHBEJIM CBOI BiacH1 piBHAHHS 1 EpBin Lpeninrep, 1 [Tons Hipak.

HaragyBanHsiM 1po cmopiunuii nepio0 JOMIHYBaHHS KBaHTOBOiI Teopli €
Hemo1aBHii ormsif [7], y axomy omnrcano 39 pi3HUX BUBENEHb piBHSHHS Jlipaka pa3om 3
iX aHaJIi30M Ha cydacHOMY piBHI. Y [7] moka3zaHo BIuB piBHsAHHSA Jlipaka Ha 100 pokiB
PO3BUTKY PEISITUBICTCHKOI KBAHTOBOT MEXaHIKH.

Pix 2025 mporosomieno Mi>kHapoJTHUM POKOM KBAaHTOBOI HayKH 1 TEXHIKH came y
3B’sI3Ky 3 T€OpeTHYHUMU po3poOkamu Bephepa ['eiizenbepra ta Epsina llpeninrepa, 3
yacy onyOmiikyBaHHs akux MuHae 100 pokiB, IMB. HANPUKIIAJ peakiiiiHy cTaTTio [8] y
B1JIOMOMY XKypHaJIl. Y orJisfl [8] BiAMIYEHO TpH NEPIOIU PO3BUTKY KBAHTOBOI TEOPIi, sKi
MarTh y CBOili OCHOBI HayKOBI Tpaill TphOX Pi3HUX TMOKONIHB (Di3uKiB-TeopeTHKiB. Lle
MOYaTOK, NMPO KU B)Ke HIIJIa MOBA BUIIE, a TAKOK PO3BUTOK Ta CyYaCHICTb.
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[Iogo mepiomy pO3BUTKY, TO BIH PO3MOYMHAETHCA IMICIS 3aBEpPIIECHHS MOOYIO0BU
OCHOB Ta Y3TOJP)K€HHsI IHTepIIpeTallii KBAaHTOBOT MEXaHIKH 1 BKJIIOYa€ OOY0BY KBAaHTOBOI
€JIEKTPOIMHAMIKH, KBAHTOBOI XPOMOJMHAMIKMA Ta CTaHAAPTHOI MOJENI 1 Y3TOJKEHHS 3
eKCIIepUMEHTaIbHUMH JaHuMU. Ha 11iif OCHOBI BiIOYBCSI TEXHOJOTIYHHI TPOPUB.
[IpuknagamMu KBAaHTOBMX TEXHOJIOTIA € Jla3epH, MarHiTHO-pEe30HaHCHa Tomorpadis Ta
IHTerpajbHl CXeMH. A KBaHTOBa TeoOpisd Mouaja 3MIHIOBATH Takl Taly3i, SK XiMis,
MaTepiaio3HaBCTBO, acTpodizuka Ta Kocmodjoris. lleit mepiog cCympoBOKyBaBCs
MOCTYIIOBUM MPUUHATTSAM 0COOTUBUX €(EKTIB, 1110 BUHUKAIOTh Y KBAHTOBOMY PEXKHUMI.

[{ikaBo, 0 CcydYacHH mepioJl aBTOpU omsiay [8] XapakTepus3yroTh SK 3B'SI30K 3
1H(GOPMAaTHKOI0. 3MUPUBIIKCH 3 KBAHTOBOIO JUBHICTIO, BUCH] YCBIIOMIIIH, 1110 KBAHTOBUMN
CBIT Mae BEJIMYE3HY, NMPHUTAMaHHY 3JaTHICTh AJsi OOpOoOKH KBaHTOBOi iHGopMaIli.
Buninserbcss MOXIIMBICTH CTBOPEHHS YHIBEPCAJIBHOTO KBAaHTOBOTO KOMITIOTEpa Ta
JOCSITHEHHSI TepeBaru KBAHTOBUX OOUUCIIEHD Y MPAKTUYHHUX 3aCTOCYBAHHSX.

3naBanocs 0, icTopukaMu (hp13UKH HAITUCAHO JECATKU KHMXKOK 1 COTHI CTaTe mpo
neplosi «KBaHTOBOI PEBOJIIOLII», ajle, Ha MPEBEIUKUN Kallb, ICTOPUKUA — 1€ HE (I3UKHU-
TEOPETUKU (32 HE3HAYHUMM BHUKIIOUYEHHAMM IO€IHAaHHSA LuX mpodeciit). Ha xanb,
HEJIOCTATHBO YBAru MPUALIEHO pouti Takux BueHHX sk Yapib3 lapsin Ta ['enapik Kpamepc
y 00Y/1I0B1 OCHOB KBAaHTOBOI MEXaHIKH.

VY ornsani [7], 30kpema, migkpecieHo posib Yapnbza [Mantona Jlapsina (oHyka 1ie
Biomimoro Yapnn3a Pobepra [lapBina). Bin, Hanpukian, nepmumM noscHuB [9] netami
piBHsHHS Jlipaka Ta MOro IHTEpHpETAalilo, 3alpoNOHYBaB KBa3lpEISTUBICTCHKE
HaOJVDKEHHS, 1110 BKJIIOYAE WICH, SIKMH HOCHTH MOT0 IM’a. A BKa3aHWM HUM OYCBUIHUU
3B'S130K piBHAHHA /Jlipaka 3 piBHAHHAMU MakcBemia y [7] 3ampOonOHOBAaHO Ha3BaTH
BeKTOpoM JlapBiHa.

Hwuxue 3BepTaeMo yBary Ha ILIKaBy 1CTOpItO, sika BinOynacs 3 I'eHapikoM AHTOHI1
Kpamepcom. HacmpaBai el myxe CKpOMHUH 3a CBOIM XapaKTepOM 4YOJIOBIK, aiie
MOTY>KHUN (DI3UK-TEOPETHK, BUBIB OCHOBHE PIBHSHHS PEJIATUBICTCHKOI KBaHTOBOL
MexaHiku ogHodacHo 3 [Tonem JlipakowM, ane He omy0J1iKyBaB HOro cBoe4acHo. Y TOM yac
Oarato BUEHHUX anpoOOBYBaJM, MEPEBIPsUIM, CBOi pe3ysibTathd Ha Bonbdranry EpHcTy
[Tayi, sxuit TOOUB JUCTYBAaTUCS 3 KOJIETaMu, ajie, Ha aJlb, 3 POKaMH MPOC/IABHBCS CBOIM
CKENTUIM3MOM. BiH CKeNTHMYHO NOCTaBUBCS 1 10 pesyanaTlB Kpamepca, sixuit mig
BILUTMBOM aBtopuTeTa [laymni 3aTpumaB cBoro myOuikaiito Ha cim pokis [10, 11].

IcTopis npo icHyBaHHsI mapaienabHoro noBefeHHsi Kpamepca Oyna noGpe Binmoma
CydacHHUKaM 1 omucana y moHorpadisx [12, 13]. Yepe3 kiibka poOKiB MiCHs yCHiXy 1
BU3HaAHHS pe3ynbrary Jipaka [3] [layni Taku orinuB noBefeHHs Kpamepca 1 «mpomycTus
10 Ipyky» uei pesynstat [10, 11]. ITayni 3HOBY OyB Ay’Ke KpUTUYHUM, ajle MiCJsl JOBroi
NEePEeNnuCKH MOroAnuBCs, 1110 nporenypa Kpamepca Oyia 3aKOHHOI0, ajie «HE €JIeTaHTHOIOM.
Bugin piBasHHs [lipaka mpencraBienuii Kpamepcom cTaHOM Ha ChOTOJHI Ma€ TEBHI
NpUBa0JIMBI PUCH, $KI TOJATAIOTh y MPUPOJHIA PENATUBICTCHKIA 1HBAPIAHTHOCTI
noBeneHHs. Takox o4eBHIHO, 0 Kpamepc KOIHUM YMHOM HE aresioe 0 «I00yBaHHS
KBaJpaTHOTO KopeHs 3 omepatopa Kieiina — Topmona». Kpim Toro, moBeaeHHs
npencraBieHe KpamepcoM 04eBHIHUM YMHOM BIUIMHYJIO Ha Taki COCOOM BHMBEIEHHS
piBHsiHHA [ipaka sk meroa Ban nep Bapnena — Cakypai Ta Paiinepa, 1 Ha 6araTo iHIIUX
croco0iB, onucaHux y [7].

Astopu MmoHorpadiii 12, 13] mpo HaykoBuii 10poOok Ta )kutTeBHit usax Kpamepca
3raJlyloTh TaKOX 1 MPO Mapi MiX KiIbKOMa BIJIOMUMH OCHOBOIIOJIO)KHUKAMH KBaHTOBOI
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TEOpii HA TeMy, XTO NEPIIUM 3HaWJE PEISATUBICTCHKE PIBHSAHHS MEPIIOro MOPSIKY IS
enektpoHa. [lapi Burpas Ilonb [lipak, a Kpamepc OyB cepen nporpasiiux, ajie HEBIJOMO
91 XTOCh OIUIATUB CTABKH.

Takum ywmHOM, cnucok 3 39 noBeneHnp piBHAHHS [lipaka [7] MOXHa CyTTEBO
JIOTIOBHUTH 3aBJsku pe3yibrataM Kpamepca [10, 11] 1 He nume. 3okpema y Ipyii
3HaxouThcs ctatTs JI. Dabpi, ne piBHsAHHA [ipaka BUBEICHO 3 piBHAHL MajienyHra.

BukopucTtanHs HaBITh HAUMPOCTIIIIOrO0 6€3MacoBOTO piBHAHHS Jlipaka mpuBeso 110
MOSICHEHHS (D13UKH TpaeHOBUX CTPIYOK, a iX 3aCTOCYBaHHS — IO IIJI0T HU3KKW HOBHX
1H)KeHepHUX po3poOok. Tomy piBHsIHHS Jlipaka Bce yacTilie IpUBEpPTaE yBary BUKIa adiB
Ta CTYJCHTIB IH)KEHEPHHX (haKyJIbTETIB.

OueBunHO, 1m0 32 100 pokiB KBaHTOBA TEOPis HAKOMUYMIA TaKOX 1 mpobaemu. Yu
MOXXEMO MH 3pO3YMITH MEXY MIXK KBAaHTOBUM Ta KJIAacMYHUM cBiTamMu? SK 3aKOHU
KJIACUYHOI TEPMOJAMHAMIKM MOXYTh BHUIUIMBAaTH 3 KBAHTOBOiI MexaHIKH? YU MoOxkHa
KBAaHTYBaTH TPaBITaIlil0, 1 K EKCIIEPUMEHTATOPU MOXKYTh IIYKATH O3HAKH KBAHTOBOI
rpaBiTaii’?

IcHye Hu3zka myOmikamid, B SKAX TpaHUIll 3aCTOCYBaHHS  KJIACHYHOI
€JIEKTPOJMHAMIKM CYTTEBO PO3LIMPEHI HAa aTOMHY Ta sSAepHY (i3uKy (B TOMYy YMCII 1
Y>)KTOPOJCHKMX BYCHHX). AJIE 11€ CTAHOM Ha CHOTOAHI CTOCYETHCS JIUIIEC KIACUYHOI Ta
KBaHTOBOI eJekTpoarHaMiku. Oco0auBuM «aiicoeprom aiia TutaHika» cTOiTh Ipobiema
MTOSICHEHHSI TEMHOI MaTepii Ta TeMHO1 eHeprii Beecsirty!

Bononumup Cumynuk mumpo BasguHuid Banepito ['yCuHIHY 3a HM3KY IUTIJTHHUX
JUCKYC1i po Nepioj] HapoHXKEHHsI KBAHTOBOI MexaHiku (1925 — 1928 pp.) 1 BHECOK TaKUX
BueHuX sk Bonbdraur Ilayni 1 ['ennpik Kpamepce y moOymoBy 0CHOB KBaHTOBOT TE€OPIi.
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70



IED-2025 IEP-2025
Yxropon, 20-23 tpasast 2025 Uzhhorod, May 20-23, 2025

CHARGE FORM FACTORS OF **Ne AND *Si NUCLEI
IN THE o-CLUSTER MODEL WITH DISPERSION

'Yu.A. Berezhnoy!', V.P. Mikhailyuk? S.E. Omelchuk?,

V.V. Pilipenko]

! Karazin Kharkov National University, Ukraine
? Institute for Nuclear Research, Kyiv, Ukraine
3 National Science Center “Kharkov Institute of Physics and Technology ™', Ukraine
e-mail: mikhailyuk@kinr.kiev.ua

The structure of nuclei is investigated during many decades of the development of
nuclear physics. The theoretical study of scattering processes of high-energy electrons by
nuclei makes it possible to extract sufficiently reliable information about the characteristics
of nuclei and about the nucleon distribution density in them. The electron-nucleus
scattering cross section (charge form factor) depends mainly on the ground-state charge
distribution in the target nucleus and at a high momentum transfer can reveal fine details
of the nuclear structure.

The calculation of the charge form factors and charge density distribution of nuclei
is generally a complex problem, which is usually investigated using the independent
particle model approximation. This approach is attractive because of its simplicity, but in
some cases fails to reproduce the high momentum transfer data from electron scattering by
nuclei. For this reason, in our previous papers (see, for example, Refs. [1], [2] and
references therein) we introduced the hypothesis of dispersion (swelling) of the a-clusters
in the nuclear medium.

In such approach, analytical expressions for the charge form factors, single-particle
densities and root mean square radii of various 4N-nuclei were obtained on the basis of the
a-cluster model with dispersion.

In the present work a-cluster model with dispersion is advanced to the case of *’Ne
and 2®Si nuclei. At the calculations of charge, form factors of these nuclei the trigonal
bipyramid D,4 configuration for 2°Ne nucleus while the bitetrahedron Ds;, configuration for
28Si nucleus are used. The previously considered molecule-like configuration for 2°Ne
nucleus compares with the D4 configuration one. The calculated charge form factors and
root mean square radii of such nuclei are in a reasonable agreement with the available
experimental data.

[1] Yu.A. Berezhnoy, V.P. Mikhailyuk, V.V. Pilipenko, Int.J.Mod.Phys. E 24

(2015) 89 p.
[2] Yu.A. Berezhnoy, V.P. Mikhailyuk, Eur.Phys.J. A 53:125 (2017).
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MAPAMETPHU I'A30PO3PSITHOI MJIAZMU HA CYMIILLI MTAPIB
JUNOIUAY, IMBPOMILY I JUXJOPUIY PTYTI 3 TEJIEM

B.B. Kosau, O.M. Mauinin, O.J1. Musns, A.O. Marinina,
O.K. IIlyai6os, P.B. I'puniak, K.b. Monnap, I.I. bouaap, M.O. Maprituu

JIBH3 « Yaceopoocwkuil HayionanvHuil yuisepcumemy, Yaceopoo, Ykpaina
e-mail: valerii.kovach@uzhnu.edu.ua

Bigkpurtss ¢doToMonekyisipHOro egekTy BHIapyBaHHA BOAM Ta KepyBaHHS
IpolieCaMHt B )KMBHX KJIITHHAX 3a IOTIOMOTOIO CBITJIa MOTPEOYIOTh CTBOPEHHS €(DEKTUBHUX
JOKEPEIT CIIEKTPaIbHOTO BUMIPOMIHIOBAHHS, SIK1 OJTHOYACHO BUIMPOMIHIOIOTh CMYTH Ta JIHI1
B 33/IaHUX CHEKTpalibHUX Aiana3zoHax. Cepel TakuX JUKEpEeNl € ra30po3psaHa IuiazMa Ha
cymimax napiB auraioreHiaiB pryti (HgBr,, Hgl, Ta HgCl,) 3 reniem, sxa BUIpOMiHIOE
CHEKTpaJbHI CMYTH Yy (D10JIETOBO-CUHBOMY Ta CUHBO-3€JIEHOMY CHEKTPaIbHUX J1alla30Hax
3 MAKCHUMAJIbHOIO IHTCHCUBHICTIO Ha Ayaxc= 444 HM, Ayaxe= 502 HM, Ayaxe= 557 HM [1]. MeTa
JOOCTIKEHb - BU3HAUUTHU MapaMeTpU Ta30po3psAIHOi MJIa3MU Ha CyMilIax MapiB TPbOX
JUTAJIOTEHI/IIB PTYTI 3 TEJII€EM, BCTAHOBUTH (13MKO-XIMIUHI 3aKOHOMIPHOCTI B 3aJI€KHOCTI
B1Jl IPUBEACHOI HAIIPY>KEHOCTI €JIEKTPUYHOTO MOJIS 1 HAa iX OCHOBI BUSBUTH MOXJIMBICTh
MIJBUILIUTU €HEPreTUYHI TapaMeTPHU BUIPOMIHIOBAYIB.

12; €. ¢B
8| .
4;"
40 80
o E/N., Ta
4.,.' 5
N 6
b
200 300 €.eB
Puc. 2

Ha puc.l mpencraBneno xapakTepHuil Bua (GyHKIII PO3MOILIY EJIEKTPOHIB 3a
eneprismu (OPEE) npu 3mini mapamerpa E/N B miamazoni 1-173 Tao ana cywmimn
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Hgl,-HgBr, HgCl-He= 159,5:324:1080:131280 Ila npu 3araJibHOMy THCKY CyMimIi
P=132843,6 I1a nns 3nauens napametpy EN: 1 Tn—1;2-35,4 Tn; 3-69,9 Tn; 4 -104 Tr;
5 - 139 Tn; 6 - 173 Ta; Ha BcTaBLi - 3aJE€KHICTh CEPEIHBOI €HEPrii eIEKTPOHIB Bif
BEJIMYUHU PUBEIEHOTO €IEKTPHUYHOTO MOJS.

30inbiienHs BenuuuHU E/N mpHU3BOAWUTH 10 3pOCTAaHHS KUIBKOCTI «IIBHIKHX)
€JIEKTPOHIB y po3psiai. CepeHs eHepris eJIEeKTPOHIB po3psiAy pi3ko 30ubiryeThes Big 0.31
10 15.9 eB npu miasumenHi EN Big 1 go 200 T.

JlJiss BeTWYMHM TPUBEACHOTO EJNEKTpUYHOTO Toiist 62.3Tn 3Ha4eHHsSI CepeaHbOl
€Heprii eNeKTPOHIB, MBUAKOCTI JAperdy enekTpoHiB Ta TemmepaTypu Oymu: 8,286 eB,
2,5x10° m/c Ta 96117,6°K Binnosinno. KoHieHTpallis eIeKTPOHIB Ha IIOBEPXHi BHYTpI-
IIHBOTO €IEKTPOA I ILILHOCTI cTpyMy 265x10° A/M? cknagana - 66,25x1017 M7,

Puc.2

Ha puc.2. mpencraBieHO 3aleXHICTb MUTOMHMX BTpaT MOTYXHOCTI PO3psAIy Ha
MIPOIIECH 31ITKHEHDb €JIEKTPOHIB 3 MOJIEKYJIaMH UTAJOTeHIAIB PTYTI 1 aTOMaMH TeJIiI0 Bij
napametpa E/N nns cymimni: Hgl, - HgBr, — HgClI - He = 159,6 -324 -1080 - 131280 Ila
npu 3araibHoMy THCKY 132843,6 Ila Big mapamerpa E/N: 1 — konuBanbHe 30yKEHHS
MoJieKya aubpominy prtyTi (enepris mopory 0.035 eB), 2 — mpyxHe poO3CitOBaHHSA
CJICKTPOHIB Ha artomax reniro, 3 — 30ymxeHHs (HgBr,(D)) — crany monekyn HgBr;
(enepris mopory 7.86 eB), 4 — nmconiaTuBHe 30ymKeHHS X X'ip-CTaHy MOJIEKYII
HgBr*(eneprist mopory 5.00 eB), 5 —30ymxeHHs aromis renito (eHepris mopory 19.80 eB),
6 - 10H13al11s1 aTOMIB Tredito, 7 — 10H13alli MOJIeKyJI JuOpoMiay pTyTi (eHepris nopory 8.54
eB), 9 — muconiatusre 30ymKenns B*X 1, crany monexyn HEBr (emepris mopory 6.40)
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eB), 10 — nuconiaTuBHMi 30ymKenHs crany B2X ', monexyn HgCl (eneprist mopory 6.49)
eB).

3HaYeHHS MUTOMHUX BTPAT MOTY>KHOCTI pO3PsAAY MPH JUCOIIaTUBHOMY 30y KCHH1
EKCUIUICKCHUX MOJIEKYJI MOHOMOAUAY, MOHOOPOMIY 1 MOHOXJIOPUY PTYTI €JIEKTPOHAMU
301IbIIyEThCs 31 3poctanusaM E/N. Bona gocsarae makcumymy 10,6 %, 18,1 %, 39,8 %, 4,7
% 13,1 % npu 3HauenHax napamerpa E/N piBaux 21,6 Ta, 21,6 Tna, 21,6 Ta, 14,7 Ta, 1

14,7 Tn 10 eNeKTPOHHUX CTaHiB MOHOOpoOMixy pryTi X?E! ., B2X' ; mubpomimy pTyTi
(HgBrZ (D)) i B2Z', — craHy MOHOHOIMIY PTYTi Ta MOHOXJIOPHIY PTYTi BiANOBiIHO, a
npyu MOJaNbIIoOMy MiABUIeHHI mapamerpa E/N Bona 3Mmenmryrotbes. s mpuBeneHoi
HaIPY>KEHOCTI TOJIsI, TPU SIKid MpOBOAMBCS ekcnepuMmeHT (62,3 Tx), gacTku mutomoi
HOTYKHOCTI po3psaxy s B2X-crany 6ymn: 3.2% (HgBr), 1,3% (Hgl), 1.1% (HgCl), a qus
crany (HgBr; (D)) 18,9% (HgBr).

VY pe3ynpTaTi IOCHIIKEHb BCTAHOBJIEHO 3HAYEHHS NPUBEJIEHOI HAIPY>KEHOCTI
CJIEKTPUYHOIO TOJS, NI SIKMX IHUTOMI BTPATH MOTY>KHOCTI PO3pALYy MaKCHUMAaJbHI.
3acTocyBaHHS iX B €KCUIUIEKCHUX BUIIPOMIHIOBAYAX JO3BOJHUTH 30UIBLINTH MOTYXHICTH
BUIIPOMIHIOBaHHS 1 KOE(DIIIEHT KOPUCHOT Aii.

[1] O.M. Mauinin Ta iH. MixkHapoaHa kKoHdepeHIis « S nepHa gi3uka Ha 3akapriaTTi».
VYaxkropon, 21-23 tpaBus 2024, 143 (2024).
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POBOTA BUXOJY BTOPUHHUX EJEKTPOHIB
31 CIIIABY Cu-Al-Mg

C. Kapnycst, M. JIamos®?, I. Illnsxos2, /1. 3axapuyk!

L lyyoxuii nayionanvnuti mexnivnuii ynieepcumem, m. Jlyyok, eyn. Jlvsiecoka, 75
?Xapxiscokuii nayionanvuuil ynieepcumem, m. Xapkis, matioan Ceob6oou, 4
SHayionanvnuti naykoseuti yenmp «Xapkiscokutl (hisuko-mexHiunuil incmuniymy,
M. Xapxis, eyn. Axademiuna, 1
Incmumym enexmponnoi izuxu, m. Yoczopoo, eyn. Yuieepcumemcwka, 21
E-mail:sizafu65@gmail.com

[IpencraBiieHoO pe3ybTaT aHaIi3y POOOTH BUXOy BTOPUHHUX €JICKTPOHIB 31 CILJIaBY
Cu-Al-Mg npu temmnepatypi 3pazkiB 293 K (Puc.la), 523 K, 623 K Ta 673 K Ha ocHOBI
BHUBYCHHS BOJIbT-aMIiepHUX xapaktepuctuk (BAX), orpumanux y [1] 3a momomororo
c(hepuYHOro EJEKTPOCTATUYHOrO aHaji3aropa MpH OMNPOMIHEHHI 3pa3KiB IyYKOM
MEPBUHHUX €JNEeKTpoHIB 3 eHeprieo 1o 600 eB. ExcnepumenrtansHo otpumani BAX,
OJIepKaHl TpU ToIepeaHIi o0poOI [2], TpeACTaBICHO Yy BUIJISAAL 3aJIKHOCTI Inl BiA
VU (Puc. 1b Ta lc, ne [ — emiciitaunii ctpyMm, U — MOTEHIIA KOJEKTOPA), 3 IKOi TpadidHuM
COCOOOM 3HAWJEHO 3HAYEHHS HaNpyrW, W10 BIANOBIAA€ JIHIMHUM JUISTHKAM L€l
3aJIeKHOCTI.

# Expermenis] dafa

I norm .
Incly

a) ‘b) c)

Puc.1. Ilpuknan BAX (a) Ta 3aneXHICTh BIUTMBY 30BHIIIHBOTO MOJIS [TPU MOTEHIIAIaxX
3aTpuMkH (b) Ta BUTATYBaHHS (C) Ha eMiciiiHuid cTpyM npu T=293 K.

[TokazaHo, MO B Jiama3oHi 3a3HAYEHUX TEMIIEpaTyp poOOTa BUXOIY BTOPHUHHUX
CJICKTPOHIB 3MIHIOETHCS MM MI€I0 Pi3HUX (DAKTOPIB, @ caMe: 3MIHU TOBIIMHU OKHCHOTO
MpOIIApKy 3pa3ka Ta 3MiHM POOOTH BUXOJY BTOPHUHHHUX EJIEKTPOHIB. 3 ypaxXyBaHHIM
JITEpaTypHUX JAHKUX IO POOOTI BUXOAY €IIEKTPOHIB 3 TOBEPXHI JIJIs TOTIKPUCTAIB Ta HOTO
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okcuiiB [3], Oys10 BU3HAYEHO JTiHIHHI IIISHKY [4] B 00J1aCTSAX HETaTUBHUX Ta MO3UTUBHHUX
MOTEHIIIaJIB KOJIEKTOPA, K1 € BXJIMBUMH IS MTOJATBIINX A0CHIKeHb. [Ipn BU3HaUeHH1
po0OTH BUXOJTy BpaxOBaHO MompaBKy Ha «edekT HlotTki» [5].

[1] V. L. Borisov, V. N. Lepeshinska "Secondary emission properties of magnesium
and beryllium alloy emitters after short-term activation": Science. manual: M.:
"Izvestiia Academy of Sciences of the USSR", 1958, vol. XXII, No. 5, p. 534-545
[2] M. JIsmos, C. Kapmiycs, O. lllonen, €. Lsupko. CrnekrpaibHi XapaKTepUCTUKU
TEPMOCTUMYJIHOBAHUX BTOPUHHHMX €MICIHHUX eNeKTpoHiB 31 cruaBy Cu-Al-Mg //
Proceedings of the scientific works of the international conference Nuclear Physics
in Transcarpathia (to the 55th anniversary of the Department of Photonuclear
Processes of the IEP of the NAS of Ukraine) May 21-23. 2024 p. 172.

[3] Fomenko V. S. Emission properties of materials. Handbook, K., "Naukova
Dumka", 1981

[4] S. Dushman «Electron Emission from Metals as a Function of Temperaturey,
Phys. Rev. 21, 623 (1923)

[5] W. Schottky «Uber den EinfluB von Strukturwirkungen, besonders der
Thomsonschen Bildkraft, auf die Elektronenemission der Metalle», Phys. Zs., 15,
p. 872-878 (1914)
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OOTOJIIOMIHECHEHIISA MOJIEKYJI AJIEHIHY I1PH
OJHOYACHIH A1i IBOX YACTOT EJEKTPOMATHITHOI'O
BHUITPOMIHIOBAHHA

M.M. Capo3s, M.I. lllappanbomr, M.O. Maprituy, M.I. Cyxosis, LII.b. Monnap,
B.B. Kosau, O.0. Ulnenuk, L.I. lllappansom, M.M Kumak

Yorceopoocwvkuii nayionanvHuti yHisepcumem, Yaceopoo
e-mail: mykhailo.saroz@uzhnu.edu.ua

VY nHamiit monepenHii po6oTi [1] OysI0 BUSBICHO CHHEPTETUYHHUIA BIUIMB JIA3€PHOTO
BUIIPOMIHIOBAHHS, IO CBITYUTH MPO OCOOJNMBHIA MeXaHi3M TpaHcdopMallii eHeprii y
30y/DKeHIM MOJIeKYJl ITUTO3UWHY. 3aKOHOMIPHO IIOCTa€ MUTAaHHSA IIOJ0 IPOBEICHHS
MoAIOHUX JTOCHIKEHb 3 1HIIUMHU MOJIEKyJIaMHU a30THCTHX OCHOB HYKJIETHOBUX KHCIOT.
[IpyuriHaMU 1HOTO € BHACHEHHS MEXaHI3MIB (POTOIHIYKOBAHOTO IOIIKOKEHHS
O10MOJICKYJSIDHUX CTPYKTYp, @ TaKoXX MOTpeOM HOBITHIX OloTeXHOJIOTiH. OCKIIbKH
BIIOMO, 10 YyJibTpadiosieroBe BUNpPOMiHIOBaHHA (Y®) HeEraTMuBHO BIUIMBA€E Ha KUBI1
OpraHi3MH, Ba)JHMBO 3pO3yMITH Ha MOJEKYISPHOMY pIBHI MEXaHI3MHU pyHHYBaHHS
ctpykrypu JHK, PHK Ta ixHix ckmagoBux. Y® BUIPOMIHIOBAHHS, IIOTJIMHEHE
HYKJICTHOBUMH KHCJIOTaMH, MOYK€ BUKJIUKATH Kackaj Hebe3rmeuHux (OTOXIMIYHUX MOIIH 1
MOTEHIIHO MOKE MPU3BECTH JI0 MOIIKOKEHHS T€HETUYHOTO KoAy. PyliHyBaHHS KIITHH
Ta O10JIOTTYHUX CTPYKTYP MiJ JII€I0 YIbTPa(i0oJeTOBOIO BUIPOMIHIOBAHHS 3aJIUIIAETHCS
aKTyaJIbHUM MUTAHHAM He nuiie Gpi3uku, ane i 6ioyorii Ta Meauiuau. OCKUTBKY B MEPIITY
4epry pYMHYIOTBCS a30THUCTI OCHOBUM IIUX CTPYKTYp, HEOOXIJHO MdI3HATHUCH, SK
B3a€MOJIIIOTh BUIIPOMIHIOBAHHSI Ta HYKJIETHOBA KHUCJIOTa, Ta sIKI MOTEHLIMHI HACHIAKU
MOKYTb OyTH BUKJIMKaHI L1€10 B3aemo/i€ero. [lepiioro cTaiero BIUIMBY BUITPOMIHIOBAHHS
HA MOJIEKYJH € yTBOPEHHS 30yIKEHUX €NEeKTPOHHO-KOJIMBHHUX CTaHIB IIMX MOJEKYyJ. B
MoJaNbIIoMy 30y/KeH1 CTaHU OepyTh y4acTh Y (DOTOIHIYKOBAHHX, a TAKOXK y TEPMIYHO
aKTUBOBAHMX PEAKIIIAX, HABITh Y BUIAJIKaX, KOJIH BBAXAETHCS, 110 OEPYTh y4acTh JIUIIIE
OCHOBHI cTaHu MoJieKyJ. OcoOiuBa poib BIABOJUTHCS METACTAOlIbHUM TPUILIETHUM
CTaHaM, sKI BHACIIZAOK CBOiX (PI3MYHHX OCOOJMBOCTEW CHPUSIOTH NEPIIONPUYMHHIN
peanizauii CKJIagHUX O10JIOTIYHUX TMPOIIECIB, 30KpeMa (POTOCUHTE3Y, PEepPMEHTATUBHOTO
KaTajizy, a TaK0X JeCTPYKTUBHUM PEAKIIISIM.

VY naniéi poOOTI mpeAcCTaBieHl pe3yJbTaTh JOCITIIKEHHS JIFOMIHECIEHIIT MOJIEKYJI
aZICHIHY TiJl BIUTMBOM €JIEKTPOMArHITHOTO BHUIIPOMIHIOBAaHHS YJIbTPadioIeTOBOrO Ta
BUIMMOTIO 1ara30HiB.

JIroMiHECHeHITis TOCTIKYBaJIaCh 3 BUKOPUCTAHHIM criekTpodiryopumerpa RF-6000
komnaunii Shimadzu [2]. JIxepenoM yiabTpadioeTOBOIO BHUIIPOMIHIOBaHHS Oyiia
KCeHOHOBa nammna. [lanuii cnextpodiayopumerp OyB JOMOBHEHUH JIa3epHUM JKEPETIOM,

MPOMiHb SIKOTO OYyB HampaBiieHUuH mig KyToM 45° 10 KyTa ONpOMIHEHHS BiJ KCEHOHOBOI
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namnu. [TapameTpu nazepa € HACTYMMTHUMU: PEKUM HENEpepBHUM, ToBkUHA XBUI1 530 HM,
notyxHictb 0,25 Brt. Heiftpanbuuii po3uuH ajaeHiHy OyB MPHUTOTOBICHHI Ha OCHOBI
OUCTUIISATY BOJAM Ta TpemapaTy 1wi€i as3otuctoi ocHoBU (ipmu Sigma-Aldrich
(auctorta 99 %).

doToNMOMIHECTICHIIIT  aJleHIHy CcrocTepirajgacss i JA1€l0  BUIPOMIHIOBAHHS
KCEHOHOBOI JIaMITKM Ha JOBXHWHI XBWJl 275 HM. Ilpu 1boMy MakCHMyM JTIOMiHECHEHIIIT
PO3UYMHY aJIeHIHY MPOSBIAETHCSA B 00acTi JOBXHUH XBUIb 360 HM. [Ipu ogHovacHIi mii
JIA3epHOTO BUIIPOMIHIOBAHHS 3 JIOBKUHOIO XBUJI1 530 HM Ta BUITPOMIHIOBaHHS KCEHOHOBOI
JaMIIA BUHUKAE TOMATKOBUI MaKCHMyM B JIOBFOXBHJIbOBIM 00J1acTi criekTpa mpu 420 HM.
Ha namy q1ymKy, MexaHi3M MOSIBH IOBTOXBHJIBOBOT'O MaKCUMYyMY TIOJISTA€ B HACTYITHOMY.
Jlisi BUIPOMIHIOBaHHS KCEHOHOBOI JIaMIU 3 JOBXXHUHOIO XBWJII 275 HM MPHU3BOAUTH O
30yPKEHHSI CHHIJIETHUX CTaHIB S|, a JIA3€pHE BUIIPOMIHIOBaHHS iX MEPEBOAUTH Yy OLIbII
BHCOKO30Y/DKEHI CTaHW S, 3a paxyHOK HENIHIMHMX e(]eKTiB, a caMe JIBOKBAHTOBOTO
MOTJIMHAHHS, SIKE IMOBIPHE MPH A1l IHTEHCUBHOTO J1a3€PHOTO BUIIPOMIHIOBAHHSI.

Mu nporHo3yemo, 10 yTBOPEH1 BUCOKO30Y/DKEHI CTaHU S, y pe3yJbTaTi MpoIleciB
IHTEPKOMOIHAIIIHHOT KOHBEPCIT TOMITHO 30UTBIITYIOTh 3aCEJIEHICTh TPUIUIETHUX CTaHIB Th.
B cBoto yepry i cTaHu, BHACIHIJIOK SBHUIA IHTEPKOMOIHALIMHOI KOHBEPCIi, CHPUYUHSIOTh
3aCeNIeHH HIKHIX TpUIIETHUX cTaHiB T,. PamianiiiHuil po3naa TpUIIeTHUX CcTaHiB T
BUKJIMKaE (pochopecueHuito, ska 1 € NPUIMHOIO MOSABU APYroro MakCMMymy B 00JacTi
IOB>XUH XBWIb 415 HM.

[{ikaBUM € TaKoX MOPIBHSHHS OTPUMaHUX HAMHU JTAHUX 31 CIICKTPOM JIFOMIHECIICHITIT
razoBoi (a3um ajieHiHy, IHIIIHOBaHY Iy4KOM eJeKTpoHiB [3]. Bzaemopis moBUIBHHX
€JICKTPOHIB 3 MOJIEKYJIaMH aJICHIHY B Ta30BOMY CTaH1 CyNpPOBOKY€ETHCS BUHUKHEHHSIM Y
niamazoni 200 — 500 HM criekTpa JIFOMIHECIEHIIIi CKIaaHo1 (GOopMH, IO CBIAYUTH PO
IHTEHCUBHY (parMeHTauiro Moiekysa. CHeKTp BUIIPOMIHIOBaHHS aJeHIHY (OpPMYIOTh
MPOIECH  JTUCOLIATUBHOIO 30YyPKEHHS MOJIEKYJ, JUCOI[IaTUBHOTO 30Yy/KEHHS 3
10H13a111€10, 30yPKEHHS €JIEKTPOHHUX PIBHIB BUX1IHOT MOJIEKYJIH Ta MOJICKYJISIPHOTO 10HA.
[Ipy mpOMy cCITiJi 3a3HAYMTH, 110 B Ta30Biil (a3l aJieHIHY JIe3aKTUBAIls MeTacTablIbHUX
TPUIUIETHUX CTaHIB MPAKTUYHO BIACYTHS. ABTOpU poOOTH [3] B pe3yibTaTi i1eHThdiKaIii
CIEKTpa JIOMIHECICHITIT AU BUCHOBKY, III0 MAKCUMYM B 00J1acTi JOBXHH XBHJIb 370
HM BiJNoBigae (ayopecueHilii, a MakCUMyM B 00yiacTi JOBXUH XBuib 410 HM —
dhochopecuenitii.
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TakuM YMHOM, y TPOBEICHHX EKCIIEPUMEHTAaX MU 3BEPTAEMO YyBary Ha BHCOKY
WMOBIPHICTb 3aCEJICHHS METacTaOUTbHUX TPHUIUICTHUX CTaHIB aJeHIHYy MIXCHUCTEMHUM
KPOCHHT'OM IUISIXOM BHYTPIIIHBbOT KOHBEPCIT €EKTPOHHO-30Y/PKEHUX CUHTIIETHUX CTaHIB.

[1]. Inenux B.1O., Hadppanbom M.I., Momuap I1.b., Hlneauk O.0., CyxoBis M.
I., Madpansom 1. L., XKypuan dizuunux nocmimpxens, T. 26, Ne 4 (2022),C. 8.

[2]. S. Corporation, Shimadzu Spectrofluorophotometer RF-6000. Instruction
Manual, (2015).

[3]. LI ladpansom, FO.FO. Ceuna, M.I. lllappansomr, M.O. Maprituy,

[4]. M.L Cyxosis, M.M. Hagapra, 5.M. Maprituu, }0.B. bokou. HaykoBuii BicHuk
YxHY. Cepis ®izuka. Ne4l. —2017. C. 126 — 131.
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PAMAHIBCBKE PO3CIIOBAHHA Y CKJIOIIOAIBHOMY
TETPABOPATI JIITIIO

I1.C. Jlanuirok

JIBH3 « Yarceopoocwvkuil Hayionanshuil yHigepcumemy, Yoceopoo
e-mail: pavlo.danylivk@uzhnu.edu.ua

JlocliKeHO CIEeKTPU paMaHIBCHKOTO pPO3CitoBaHHS ckjomnoaionuoro Li,B4O7.
BumiproBaHHs BUKOHaHI Ha MiKpopaMmaHiBCbKOMY criekTpoMeTpi Renishaw inVia 3
posminbHor 3marmictio 0.5 cM' mpu  KiMHaTHiM Temmeparypi. s 30ypKEHHs
BUKOPHCTOBYBAJIOCS Jla3epHE BUIIPOMIHIOBAHHS 3 JOBXUHOIO XBWIl 785 HM. OnepikaHi
CIIEKTPH MpeICTaBJICHI Ha puc. 1.
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Puc 1. Cnektp pamMaHiBCbKOr0 po3CitoBaHHA y ckionoaionomy LixB4O7.

B chnekrpi paMaHiBCBKOIO PO3CIIOBAHHS CIOCTEPIraloThesi 23 CMyru pi3HOT
IHTEHCUBHOCTI, SIK1, IEPEBAKHO, 3yMOBJIEHI HOPMAJIbHUMH Ta 3MIIIAHUMHU KOJIMBAHHSIMU
cknaguux 6op-kucHesux [BO;], [BO,], [B30s], [BsOs], [BsO11], [B20s*], [B4O+%], i miriii-
kucHeBUX KOMIUIEKCIB [Li104], [LiO¢] [1-7]. InenTudikariis cMyr HaBeeHa B TaOIUIT.
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Tadauus. [nenTudikairiss cMyr y CekTpl paMaHiBChKOT'O PO3CIFOBaHHS CKJIOMOAIOHOTO
Li2B407.

RS, cm™! Inentudikaris
128
142 BinbHi konmuBanHs cTpykTypHHX KomIuiekciB [LiO4] 1 [LiOg]; Mo,
157 OB’ s13aH1 3 TUIAa3MOHAMHM Ta BIOpaIlisIMH aTOMIB KHCHIO.

165
204
249 Bi6pariiini moau kapkaciB [LiOg].
308
204 Jledbopwmartiitai (3ruaH1) Mou 3B s13KiB [BOy4].

332 CumeTpuuHi BiOpalliiiHi KojauBaHHs ioHiB Li"™

393 Bi6parriiini mogu kapkaciB [LiOy].

445 KosmBanus ioHiB Li'; 3runHi konuBanus nanmoris B—-O-B.

493 Cumetpuyuni konuBaHHs TeTpaeapis [BO4].

541 Acumerpuyna nedopmartis rpynu [BOs].

774 Acumetrpuunuii po3tar tetpaenpiB [BO4] Ta cumerpuuHi BiOpariitHi

KOJIMBAHHS MECTUWICHHUX K1JIeIb 3 0fHUM TeTpaeapoM [BOy].

840 Bi0Opanilini konuBaHHs mipo6opaTHUX Kinens [B,0s*].

894 Acumerpuunuii po3tar terpaenpis [BOy].

939 Cumerpuunuii po3sar rpynu [BOs].

1028 | KonmBaHHS 32 paxyHOK clIOTBOpeHHs TeTpaeapiB [BO4].

1065 CuMeTpnuHi KonMBaHHs gioopataux rpyn [B;Os], [B4O%;

1089 CUMETPUYHUM pO3TST 010KiB B,

1125 | KonuBaHHS 32 paXyHOK ClIOTBOpeHHsI TeTpaeapiB [BO4].

1300 | Acumerpuunuii posTar rpyn [BOs]; cHMeTpUYHHMI pO3TAT IUIOCKHUX

1365 | rpukytHukiB [BOs]; konuBanus aineHTadopatHux rpym [BsOy]; po3Tsr

1443 | B meTa Ta neHTabopaTHUX KuibLsiX rpyn [BsOg] 1 nanmrorax B—O.

[1] G.L. Paul, W. Taylor, J. Phys. C: Solid State Phys. 15,1753 (1982).

[2] S. Furusawa, S. Tange, Y. Ishibashi, K. Miwa, J. Phys. Soc. Japan. 59, 1825
(1990).

[3] A.V. Vdovin, V.N. Moiseenko, V.S. Gorelik, Ya.V. Burak, Physics of Solid State.
43, 1648 (2001).

[4] A.E. Elbelrhiti, A. Maillard, M.D. Fontana, J. Phys.: Cond. Matter. 17, 7441
(2005).

[5] Ya.V. Burak, V.T. Adamiv, [.M. Teslyuk, Func. Mater. 13, 591 (2006).

[6] Yu.K. Voronko, A.A. Sobol, V.E. Shukshin, Inorganic Materials. 49, 923 (2013).
[7] B.V. Padlyak, L.I. Kindrat, V.O. Protsiuk, A. Drzewiecki, Ukr. J. Phys. Opt. 15,
103 (2014).
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MOJIEJIOBAHHSA XAPAKTEPUCTUK ITIOTOKIB 3A/IMIIKOBHUX
EJIEKTPOHIB Y IYUKAX I'AJIBMIBHOI'O BUITPOMIHIOBAHHA,
3S'EHEPOBAHUX TAHTAJIOBUM KOHBEPTEPOM HA
MIKPOTPOHI M-30

0.0. Iapnar, B.B. ITuckau, €.B. Onetinikos, [.B. [Tumumauaens
Incmumym enekmponnoi gisuxu HAH Ykpainu, Yoceopoo, Yrpaina
e-mail: v.pyskach@gmail.com

[anpmiBHI  ¢GoOTOHHM, 3reHepoBaHi TaHTanoBuMmu (Ta) KoHBepTOpamMu Ha
€JICKTPOHHMX MTPUCKOPIOBAaUaX, IIUPOKO BUKOPUCTOBYETHCS I BUBUCHHS XapaKTEPUCTUK
dboTosIepHUX peakIlii Ta BUPIIMICHHS IIMPOKOTO KOJIA MPHUKIAIHUX SACPHO-(PI3UIHUX
3aaa4 [1, 2]. Ockinpku onTUMajibHa TOBIIMHA Ta KoHBepTepa (KOJIM BHXiJ TajJbMiBHUX
(OTOHIB MaKCUMAaJIbHUI ) MEHIIIA 32 JOBXKHUHY BUILHOTO MPOOITY €JIEKTPOHA B HHOMY, TO B
3r€HEepOBAaHUX IyyKaxX TajbMIBHOTO BHUIIPOMIHIOBaHHS OyayTh HasBHI 3aJUIIKOBI
esniekTponH [3, 4]. I1pu B3aeMoaii 3 OIpOMiIHIOBAaHUMHU 3pa3kaMu, BOHU OylyTh T€HEpPYBATU
B HUX BTOpPUHHI 4YacTUHKHU (poToHHU, QoToHeHTpoHU [3]), AOJATKOBO CTUMYJIOBATH
CJIEKTPOH-JEPHI 1 (HOTOSIACPHI peaKIlii Ta BUKJIMKATH MOIIKOKEHHS 3pa3KiB 32 paxXyHOK
ix HarpiBaHHs (TepMmanizamii) [5]. Lli dakTopn MOXYTh CyTTEBO BIUIMHYTH Ha KIHLEBI
pe3yAbTaTH TOCHIIPKEHb XapaKTEPUCTHUK (POTOSIIEPHUX MPOLECIB [S].

Y pe3ynbTarti MPOBEICHOTO aHaJi3y HasIBHUX €KCIIEPUMEHTAIbHIX Ta TEOPETUUHUX
JOCIIKEHb BCTAaHOBJICHO, IO Ha KIHIEBl XapaKTEPUCTHUKU IMYYKIB EJIEKTPOHIB Ta
3r€HEepOBAaHUX TaJbMIBHUX (OTOHIB, OKpIM iX IOYaTKOBOI €Heprii, OyAyTb CyTTEBO
BIUTMBATH TaKOX iX MapaMeTpHu Ha BUXOl MPUCKOPIOBAUIB, 5IKi, B CBOIO YEPTy, 3aJI€kKaTh
B1JI TEXHIYUX XapaKTEPUCTUK OJIOKIB BUBOIY €IIEKTPOHIB Ta MOKYTh CYTTEBO BIIPI3HITHUCS
MK cO0OI0 HaBITh ISl OJHOTHITHUX IPHUCKOpIOBadiB [2, 5, 6]. ToMmy s onTuMizarii
MIPOIIECIB OMPOMIHEHHS JIOCHIPKYBAaHUX 3pa3KiB (HAMPUKIIA, CTUMYJISIIT (HOTOSIAEPHUX
MpOIIeCiB) HA OKpPEeMHUX THIMAaX TMPUCKOPIOBaYiB BHUHUKAE TOoTpeda y BU3HAUCHHI
XapaKTEPUCTUK OTPUMAHUX IyYKIiB TaJIbMIBHUX (DOTOHIB 1 TMOTOKIB 3aJHIIKOBUX
€JICKTPOHIB 3 ypaxyBaHHSIM iX TEXHIYHUX MMapaMeTPiB.

Mertoro npencTaBieHoi poOOTH OyJI0 BU3SHAUEHHS XapaKTEPUCTUK (CIEKTPaIbHHUX,
IHTErpajbHUX, IPO(MUIIB 1 MONEPEUHUX PO3MOALIIB MO MJIOMIMHI 32 KOHBEPTEPOM) MyUKIB
raJIbMiBHUX (POTOHIB, 3T€HEpOBaHUX Ta KOHBEPTEPOM Ha €JIEKTPOHHOMY MPUCKOPIOBayl
IE® HAH Vkpainu — mikpotpoHi M-30 3 BpaxyBaHHSIM HOro TEXHIYHUX MapaMmeTpiB
[2, 7, 8], Ta MOTOKIB 3aJIMIIKOBUX EJIEKTPOHIB y MyYKaxX T'aJIbMiBHOTO BUIIPOMIHIOBAHHS
JUTSL ONITUMI3ALiT TPOLIECY CTUMYJIALIT (POTOSAAEPHUX PEAKIII.

Jnst otpumanHs 1HQOpMaIli PO XapaKTEPUCTUKU MYyYKiB rajdbMiBHUX (POTOHIB 1
MOTOKIB 3aJMIIKOBUX EJIEKTPOHIB OYyJI0 BHUKOPHUCTAaHE KOMIT IOTEPHE MOJICTIOBAHHS 3
3actocyBaHHA nporpaMHoro koay Monte-Kapno — GEANT4 [9], ockinbku BiH 3a0e3mnedye
MOJIUBICTh OTPUMAaHHS HEOOXITHHX pe3yJbTaTiB y MAaKCUMaJbHOMY HAOMIKEHHI 0
peanpbHUX yMOB iX ¢GopmyBaHHA [2, 5, 10]. Po3paxynku mpoBoauiucs Jisl MOYaTKOBO1
eHeprii enexkTpoHiB — 17.5 MeB.

BcTanoBneH1 MOYaTKOB1 XapaKTEPUCTUKH MTyYKa EJIEKTPOHIB, IO B3a€MOJIIOTH 3 Ta
KOHBEPTEPOM, 3 BpaxXyBaHHSIM TEXHIYHMX XapaKTEPUCTUK OJIOKY BHBOJY EJIEKTPOHIB Y

82



IED-2025 IEP-2025
Yxropon, 20-23 tpasast 2025 Uzhhorod, May 20-23, 2025

noBiTpss MikpoTpoHa M-30: iHTerpanbHuil BMICT eiaekTpoHiB — 1.0071 e/e, BTOpUHHUX
(doToHiB, 3reHepoBaHux T1BikHOM — 0.0010 /e (iX mMpoOLIEHTHUI BMICT y Iy4YKY €JICKTPOHIB
—0.1012 %), mpocTopoBUi pO3MOIiT €IEKTPOHIB y IUIONIMHI po3MilieHHs Ta KoHBepTOopa
BiaTBOpIO€E (hopmy Ti BikHa.

JlochikeHo 3aleKHOCT! CIIEKTPaIbHUX 1 IHTErPajJbHUX XapaKTEPUCTUK YACTUHOK
(3reHepoBaHMX TajbMIBHUX (DOTOHIB, 3aJIMIIKOBUX EJEKTPOHIB) Ta iX MOMEPEYHHUX
PO3MOMAUIIB Y TUIONINHI, MO (GiKCYIOThCS micist Ta KOHBEpTOpa, BiJl HOTO TOBIIWHU: 3i
301IbIIICHHSAM TOBUIMHY Ta KOHBepTEpa IHTerpasibHi 3HAUECHHS ITy4Ka raibMiBHUX (DOTOHIB
30uTBIIyIOTECS 110 4.0 MM — Bizt 0.0704 no 2.1747 vy/e, 3 4.0 mm 10 10.0 MM 3MeEHIIIy€ThCS
1o 1.2286 y/e, HATOMICTb 1HTErpaIbHI 3HAYEHHS 3IUIIKOBUX €JIEKTPOHIB 3MEHIIYIOThCS
Bix 1.0165 10 0.0197 e/e, iX mpoLIEHTHUHN BMICT y My4YKY TaJIbMiBHOT'O BUIPOMIHIOBaHHS
smeHmyeTbess Bi 93.5264 no 1.5782 %. TpebGa BiaMITHTH, IO BiJ0OyBa€ThCs 3MIHA
HOMIHAJIBHOI €HEeprii eNEeKTPOHIB, MO (PIKCyIThes micig Ta KOHBEpTOpa y IUIONIMHI
1000x1000 MM Bix #oro toBmuuH: 0.04 Mm — 17.3 MeB, 0.4 mm — 16.7 MeB, 1.0 mm —
15.4 MeB, nipu ToBiuHax Bif 4.0 10 10.0 MM 3HaYeHHST HOMIHAJIBHOI €HEPrii HeIIepepBHO
CTa/al0Th.

BceraHoBiieHa 3aJ€XHICTh MONEPEYHMX PO3MNOAUIIB MO IulonuHi micas Ta
KOHBEPTOpAa BiJ HOro TOBIIMHM, $Ka MIATBEP/KEHA PO3pAXyHKaMHU 3aJI€AKHOCTI
IHTErpajJbHUX 3HAYEHb TAIbMIBHUX (POTOHIB 1 3aJMIIKOBUX EJIEKTPOHIB MpH iX (ikcamii
B1JI TEOMETPUYHHUX PO3MIPIB JAETEKTOPIB 1 iX (popmu. 31 30UIBIICHHSIM IUIOIII JETEKTOPIB
Bim 122.72 no 10E+6 mm*> 4mcloBi iHTerpanbHi 3HA4YEHHS TalbMiBHHX (POTOHIB i
3aJIMIIKOBUX €JIEKTPOHIB, IO HUMHU (PiKCyI0ThCA, 30UbITy0ThCs Bia 0.0450 no 1.3048 y/e
ta Bi11 0.0078 10 0.9530 e/e.

OTpumaHni pe3yibTaTH PO XapaKTEPUCTUKU MyUKiB rajJbMIBHUX (POTOHIB, TOTOKIB
3IMIIIKOBUX €JIEKTPOHIB 1 CHIBBIAHOIICHh MK HUMH JIO3BOJISIIOTH ONTHMI3YBaTH MPOIEC
OMPOMIHEHHS 3pa3KiB 3 BpaXyBaHHIM iX TEXHIUYHHUX 1 AIEPHO-PI3UUHUX XaPAKTEPUCTHK Ta
CIIPOTHO3YBaTH PpE3yJIbTaTH EKCIEPUMEHTAIBHUX JOCHIPKEHb Ha EJIEKTPOHHOMY
npuckoproBaui [E® HAH VYkpainu — mikpotponi M-30 3 BpaxyBaHHSIM HOTO TEXHIYHUX
XapaKTEPUCTHK.

[1] A. Zilges et al. Prog. Part. Nucl. Phys. 122, 103903 (2022).

[2] E. Oleinikov, et al. J. Nucl. Part. Phys. 13, 7 (2023).

[3] I.V. Pylypchynets, et al. Uzh. Un. Sci. Her. Series Physics, 45, 50 (2019).
[4] A.K. Gillespie, et al. Nucl. Engineer. Tech. 56, 3084 (2024).

[5] E. Oleinikov, et al. J. Nucl. Part. Phys. 13, 17 (2023).

[6] A. Ryczkowski, et al. Zeitschrift Medizin. Physik. 34, 510 (2024).

[7] M.I. Romanyuk et al. J. Phys. Stud. 26, 1201(2022).

[8] M.I. Romanyuk et al. PAST, 139, 137 (2022).

[9] GEANT4 11.1. https://geant4. web.cern.ch/support/download.

[10] E.V. Oleinikov, et al. PAST. 153, 148 (2024).
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KAJIIBPYBAHHS HPGe-JIETEKTOPA 3A BIJIHOCHOIO
E®EKTUBHICTIO I10 SATPUMAHOMY I'AMMA -
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L.B. IMnmumaunens, O.1. Jleaaen, O.0. [Tapnar, €.B. Oneiinikos, B.B. [Tuckau

Inemumym enexkmponnoi ¢izuxu HAH Ykpainu, Yorceopoo
e-mail: igor.profi@gmail.com

JUis  yCHilIHOTO BHUPIMICHHSA 3a/ad KOHTPOJO 30€piraHHs, MepeMillleHHs 1
HEPO3MOBCIOJKEHHSI TOIIIPHUX SICPHUX MarepiaiiB (aKTUHIIIB), SKi, 3a3BUYaM,
3HAXOAATHCS B TEPMETUYHHMX KOHTEHHEPaX (SIK MPABUIIO 3 HEPXKABIFOYOI CTal ), HEOOX1AHa
iHopMallis mpo iX 130TOMHUM 1 KinbKiCHUM ckian. s ineHTtudikaiii BMICTY TaKHUX
KOHTEWHEPIB IIMPOKO BUKOPUCTOBYETHCS CIOCIO, SIKUW 0a3yeThCcsl Ha BHKOPUCTAHHI
EKCIIEpUMEHTAIbHO  OTpuMaHoi  iHQopMalii [po  3HAYEHHA  IHTEHCHUBHOCTI
CTUMYJIbOBAHOTO 3aTPMMAHOI0 TaMMa-BUIIPOMIHIOBAHHS BiJ MPOAYKTIB (JIETKUX Ta
BAXKKHUX yJaMKiB) iX doronoairy [1-3]. Ciix 3a3HAYUTH, 110 TOYHICTh aHATI3Y Y JAaHOMY
BUMNAAKy Oyjae 3ajekaTd BiJI TOYHOCTI BHUMIPIB 1HTEHCHBHOCTI TraMMa-KBaHTIB
OMPOMIHEHHUX 3pPa3KiB, 1, BIIMOBIHO, B1Jl TOYHOCTI KaJiOpyBaHHS JETEKTOPA 32 BITHOCHOIO
€(PEKTUBHICTIO JIJISl OKPEMHX €HEPT1i.

E(deKTUBHICTh BHCOKOYMCTUX T€PMaHIEBHX JETEKTOPIB 3AJIEKUTH BIJI 0ararbox
napameTpiB: €Heprii ramMMa-BHIPOMIHIOBaHHS, (I3UYHHUX XapAKTEPUCTUK JIETEKTOpa
(Tuny, edekTuBHOrO 00’€My, HAsBHOCTI MEPTBOro Mmapy (sl JAETEKTOpIB SIKl
eKCIUTYaTylOThCsl JIeCSATKaMu poOKiB [4]), maTepially 1 TOBIIMHU 3aXUCHOTO KOXKyXa
JeTeKTOopa) 1 3pa3ka (reoMeTpruyHa opma 1 po3MipH) Ta MOB'sI3aHa 3 yMOBAMU IPOBEACHHS
BUMIpIOBaHb [5—7]. Tomy niepes MpoBEACHHIM €KCIIEPUMEHTAIBHUX JTOCTII)KEHh BUHUKAE
HEOOXI1THICTh KaJIOpyBaHHS IETEKTOPIB MO €(PEKTUBHOCTI /JI KOHKPETHUX CXEM aHai3y,
JIe BpaXxoOBaHO yci (pakTopu 3arIaHOBAHUX BUMIPIOBAHb.

VY BuUmajnKy NETEeKTYBaHHs 3aTPUMAHOTO TaMMa-BUIIPOMIHIOBAHHS BiJ] MPOIYKTIB
MOJAUTYy EeKPaHOBAaHUX ANEPHUX MaTepialiB BU3HAYCHHS AaOCOJMIOTHUX 3HAYCHD
eekTUBHOCTI y OumbIIOCTI BUMANKiB HemoctynHe [2,8]. IlepemyciM e moB’si3aHO 3
BIJICYTHICTIO JIOCTOBIpHOI 1H(pOpMaIii Mpo iX 130TOMHHUM CKJIad, T€OMETPUYHI PO3MIPH 1
Bary, Ta (p13MKO-XIMi4HI 1 TEOMETPUYHI XapaKTEPUCTUKHU €KpaHiB (KOHTEHHEPIB), Ta, HE B
OCTaHHIO YepTy, Mpo TEXHIYHI mapameTpu aerekropa [5,6]. Yci 11 xk dhakTopu 00MEKYIOTh
BUKOPHCTAHHS CY4aCHUX PO3PaXyHKOBHUX KOJIIB JIJIT MOJCTIOBAaHHS KPUBOiI €(DEKTUBHOCTI
[5,6].

TomMy NOpakTUYHO €AMHOIO MOXKJIMBICTIO BH3HAUYCHHS BIJIHOCHOI €(EKTHUBHOCTI
HPGe-getektopa (abo camokamiOpyBaHHS) MPU aHaIi31 130TOMHOTO CKJIaay SIAEPHHUX
MarepiaiaiB € BUKOPUCTaHHS 1H(OpMaIlii, OTpUMaHoi 31 CIEKTPIB 3aTPUMAHOTO TamMma-
BUIPOMIHIOBaHHS BiJl MPOAYKTIB ix moairy [8-10].

VY poboTi mpencraBieHi pe3yJbTaTd KadiOpyBaHHS MO BIIHOCHINW €(PEKTUBHOCTI
HPGe-zneTekTopa 3 BUKOPUCTAHHSAM raMMa-IpoMeHiB pamioizoromny **Cs (3 eneprismu —
462.8; 1009.8; 1436.0; 2218.0 ta 2639.6 keB) — nmpoaykty (GoTONMOATY €KPAaHOBAHOTO
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agpa 28U, sAkui 3HAXONMBCA Yy TIePMETUYHOMY KOHTEMHEPI 3 BHMIOTOBJICHOMY 3
HepkaBirouoi crami Mapku 12X18HIOT. Jlng crumynsamii  peakiii  doromoairy
ekpaHoBauux suep U Oyao B CTajleBOMY KOHTEHHEPI BMKOPHUCTAHO TalbMiBHE
BUIIPOMIHIOBaHHS 3 eHeprieio 12.5 MeB, 3renepoBane Ha eIEKTPOHHOMY MPHUCKOPIOBaYl
IE® HAH VYkpainu — mikpotponi M-30. ["'amma-crieKTpoMeTpu4Hi BUMIpU MPOBOMINCS
na nerexropi Ortec HPGe (150 cm?). IToxubka BMMipIoBaHb He IepeBuImyBana 5%.
JIOCTOBIpHICTh Ta TOYHICTh 3HAYCHh BU3HAYCHOI BITHOCHOI €()EKTUBHOCTI MIATBEPIKEHO
pe3yibTaTaMu BHMIpPIB a0COJIOTHOI €(PEKTUBHOCTI 3 BHUKOPHCTAHHSIM aTECTOBAHUX
CTaHJAAPTHUX JIKEPEI MPH 1IEHTUYHUX eKCTIepUMEHTaIbHUX YMoBax [11].

VY pesynbrari mnpoBeneHOT pPOOOTH BCTAHOBJIEHO MOKJIMBICTb BUKOPUCTAHHS
3aTPUMAHOr0 TaMMa-BMIPOMiHIOBaHHs pamioizoromy **Cs — npomykry ¢oromoainy 23U
st kaniopyBanas HPGe-nerekTopiB 3a BiIHOCHOIO €()DEKTUBHICTIO ISl PO3IIMPEHOTO
€HEpPreTHYHOro JiamasoHy Jno0 2639.5 xeB (ctramgapTHi KOMepIiiHI JKepena
3a0e3MneuyoTh CHepreTUUHMM Jiara3on 10 1840 keB).

BukopucranHs 4acoBOi 3aJ€KHOCTI 1HTEHCHBHOCTI 3alli3HIIMX TaMMa-JiHIA Bijg
B8Cs mpomykry ¢oronominy U mo3Bonse MOKpamyT¥ TOYHICTH Ta HAIiMHICTH
BU3HAYEHHS BIJHOCHOI €(DEKTUBHOCTI y MOPIBHAHHI 3 OJMHOYHUMH BuMipamu [10].

[IpuBenenuit miaxig Moke OyTH BUKOPUCTAHUN I pO3pOOKH CXEM KaJllOpyBaHHS
3a BIJIHOCHOIO €(EKTHMBHICTIO 3 BUKOPHCTAHHIM 3aTPUMAHOIO T'aMMa-BUIIPOMIHIOBAHHS
Bix pamioizoromy '**Cs, yrBopenoro y pesynbraTi (oronominy, sk (pepTUIbHHUX, TaK i
MOAUIBHUX SIAEPHUX MaTepialiB, y KOHTEHHEpax JOBUIbHOI T€OMETPUYHOI (popmMu Ha
€JIEKTPOHHUX MPUCKOPIOBaYaXx.

3anponoHoBaHUi y poOOTI CIOCiO KaniOpyBaHHs HAMIBIPOBITHUKOBUX JETEKTOPIB
JI03BOJISIE MIABUIIIUTH TOYHICTD 1 TOCTOBIPHICTh aHAMI3y NpH 11eHTU]IKALl] eKpaHOBAaHUX
MOJUIBHUX SIIEPHUX MarepiaiiB  3a iX CTUMYJIbOBAaHUM 3ami3HIIUM ~ raMMma-
BUIPOMIHIOBAaHHSM JJIsl BUIIAJKIB, KOJIM HEMAaE JOCTOBIPHOI iH(OpMaIii mpo TEeXHIYHI
napameTpH MaKyBaJIbHUX KOHTEHHEPIB.

[1] A. Zilges, et al. Prog. Part. Nucl. Phys. 122, 103903 (2022).

[2] O.0. Ilapnar Ta iH. [latent Ykpainu Ha kopucHy Moaenab Ne 133090. bros. Ne6
Bix 25.03.2019.

[3] I.V. Pylypchynets, et al. PAST. 141, 103 (2022).

[4] K.H. Satti, et al. Applied Radiation and Isotopes 202, 111067 (2023).
[5] M.C. Lépy, et al. Metrologia. 52, S123 (2015).

[6] I.V. Pylypchynets, et al. [JISRT. 8, 651 (2024).

[7] 1. Pylypchynets, et al. J. Radioanal. Nucl. Chem. 319, 1315 (2019).
[8] A.I. Hawari et al. J. Radioanal Nucl Chem. 265, 257 (2005).

[9] U. Rizwan, et al. NIM A 802, 102 (2015).

[10] N.I. Zaika, et al. Measurement Techniques. 36, 90 (1993).

[11] V. Pylypchynets, et al. PAST. 144, 47 (2023).
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e-mail: staspavlej5@gmail.com

di3uka HaHOPO3MIPHUX CTPYKTYp — HaHakTyalbHilla OO0JacTb Cy4acHOTO
MaTepiaio3HaBCTBA, 1HTEPEC JO SKOi MOB’SI3aHUM 3 MEPCHEKTUBAMHU CTBOPEHHS HOBHUX
KBAaHTOBUX MPHUCTPOIB 1 CUCTEM 3 IIUPOKUMHU (PYHKIIOHATHBHUMH MOMJIMBOCTSIMH IS
OITO- 1 HAHOEJEKTPOHIKH, 1HHOPMAIIHHUX TEXHOJIOT1H HOBOTO MOKOJIIHHS. 3MEHIICHHS
PO3MIPHOCTI B OJJHOMY, JIBOX a00 TPhOX HaIpsIMKaX HaJa€ HOBI MOXKJIMBOCTI CTBOPEHHSI
MarepiaiiB 1 MPUCTPOIB 31 crenudIUHUMH XapaKTepUCTUKAMH Ta 3MIHY 1X BJIaCTHBOCTEH
3a JOMOMOTIOIO SIBUIAa KBAHTOBOTO pO3MIpHOro edexkTy. HaHOKOMITO3UTH XaJIbKOT€HII1B
MeTanaiB V TIpynu, BIPOBAHKEHI B MATPULIO XaJIbKOTEHIJHOTO CKJIa, MOXYTb OyTH
MEePCIIEKTUBHUMHU MarepiajlaMi B ONTHIll, EJIEKTPOHII1, ONTOEIEKTPOHII 3aBISIKU
YHIKQJIbBHUM OINTUYHUM BIJIACTUBOCTSAM, TaKUM SK BHCOKAa MPO30PICTh y ONIKHIN Ta
cepenHiii 1H(payepBOHIN 00yacTi, BUCOKUM JIHIWHUA 1 HETIHIAHUNA MOKa3HUK
3anomiieHHs. [loegHanHs aMop(HOro XaIbKOTEHITHOTO CKJIa, SIK OCHOBHOT'O CEPEIOBHUIIIA,
Ta HAHOKPHUCTANIB Cyib(iay BICMYTy MNpPUBEPTAE HAIl 1HTEPEC, OCKUIBKUA BHYTPIIIHS
aH130TPOIIIS B KPUCTAIIIYHINA CTPYKTYP1 LIOTO MaTepiaay CIpHUs€ YTBOPEHHIO OHOMIPHUX
HAHOCTPYKTYD, 30KpeMa HAaHOTOJIOK, HAHOCTPIYOK.

Komno3uTHi ctekina cucreMu As»S3—BixS; Oy oTpuMani 3 O1HApHUX CHOIYK ASS3
1 Bi»S; uucroru OCY, MeTOoAOM MPSIMOrO CIUIABJIICHHS B €BaKyMOBaHUX KBapIIOBUX
ammynax. @opMyBaHHS HAHOKOMIIO3UTY 3AIMCHIOBAIM MUISIXOM TMEpeKpUcTai3alii
IIBUJIKO 3arapTOBAHUX KOMITO3UTHHUX CTEKOJN (As52S3) . (Bi2S3). (x=0.08, 0.1, 0.12, 0,14)
Ipy  PI3HUX TEMIIepaTypHO-4acoBUX pexumax Bignamny 220—280°C (1-5 rox.).
BumiproBanHs eneKkTpo(i3uyHUX MapaMeTpiB MPOBOJAUIINCS B TEMIIEPATYPHOMY Jiana3oH1
493—-640 K B pexxuMi OCTIHHOTO CTPYMY Y BaKyyMi 3a fonomoroto enekrpomerpa I[TH-6
B Mexax 10° — 10" A 3 moxuOkoro BumiproBanus He ripure 10%, 3aleKHO BiJ TPaHMII
suMiproBanHs. [4 cnektpu mociimkyBanucs B gianasoni 400—8000 cm!.

3011bIIeHHS KOHIIEHTpALlli CyIb(iry BICMYTY IPU3BOAUTH 10 30UIBLICHHS TUTOMOI
MIPOBITHOCTI Ta 3MEHIICHHS €HEPrii akTuBallli eaexTpornposigHocti Big 1.2 eB 1o 0,9 eB
s x=0 1 0,14, BiAMOBIAHO, IO CBIAYUTH MPO TOSIBY JOJAATKOBUX PIBHIB y MeEXKax
3a00pOHEHOI 30HU XaJIBKOTEHIAHOTO CKia. Pexkpucrainizallisi KOMIIO3UTIB MPU3BOAUTH J10
PI3KOTO 301JIbIIIEHHS MUTOMOI MPOBITHOCTI Ta 3MEHIIIEHHSI €HEprii akTUBAllli, 110 MOKHA

MOSICHUTA B paMKax MoJeNll MIKpOHEOJHOPIAHOI MPOBIAHOCTI a00 MEPKOJSALIMHUM
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MEXaHI3MOM, Yy SIKOMY 30UIbIIEHHS IPOBIIHOCTI TOB’SI3aHE 3 TMEPEKPUTTIM obJacTen
MPOCTOPOBOTO 3apsiAy, IO BHUHUKAIOTh Ha MEXI MaTpHIS—HaHOKpHUCTald. BBeneHH
Cynb(hiqy BICMYTY Ta pEKPUCTAITI3aIlisI KOMIIO3UTIB IMTPU3BOIUTD /10 TIOSIBU JOJJATKOBUX CMYT
nornuHaHHs B [Y criekTpax MOPIBHSHO 31 CIIEKTpaMu CyNb(higy MUII SIKY, OB’ SI3aHUX 31
CTPYKTYPHUMU OJIUHUIIAMU Bi>S3.
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AITAPATYPA 1 ITPUJIAIN ®IPMU «MIRION (CANBERRA)
TECHNOLOGIES, INC.» IUIA PAATAINIMHOI'O MOHITOPHUHI'Y
OB’CKTIB HABKOJIMIIHBOI'O CEPEJJOBUIIIA

C.B. CamouepHux

Tosapucmeo 3 oomedncenoro gionosioanvuicmio «Kanbeppa [laxkapoy
Kuis, Ykpaina
e-mail cpua@cpce.net

VY 3B'SI3Ky 3 MIMPOKHM BUKOPHCTAHHSIM Y TIPOMHUCIOBOCTI Ta €HEPreTHUIll YKpaiHu
pamialliiHUX  pPEYOBHMH ICHye HeOe3neka 3a0pyJHEHHS  OKPEMHUX  TEpUTOPIi
pamionykiigamu. Jbxepenamu pagiaiii € saepHi CHEPreTHYHI Ta TOCTITHULIBKI YCTaHOBKH,
BUNPOOYBAaHHS sIEpHOI 30p0oi, BIAXOAM YpPAaHOBHX IIAXT Ta MIANPUEMCTB SJIEPHOrO
najguBHOTO nUKITy. [ToTeHIIHHUMH JKepenaMu paaialiiHoro 3a0pyTHEHHS] MOKYTh CTaTH
aBapii Ha SJICPHUX YCTAaHOBKAaX Ta CXOBUILAX PAJI0aKTUBHUX BIIXO/1B. B yMoBax 3Ha4HOI
KUIBKOCT1 €KOJIOTITYHUX HpOoO0JeM PIZHOIO PIBHSA CKJIAJHOCTI Ta BKpail OOMEKEHUX
pecypciB, JOCTYIMHUX IS X BHUPIIMIEHHS, TapaHTyBaHHS €KOJIOT1YHO1 O€3MEeKH SIACPHUX
00'eKTIB 1 paglaliiHOTO 3aXWUCTy HACEJCHHS Ta JOBKULISA, 3BEICHHS JI0 MIHIMYMY
IIKIJJIMBOTO BIUIMBY HachiakiB aBapii Ha YopHoOunbscekiii AEC BigHeceHo 10
HalllOHAJIBHUX TMPIOPUTETIB OXOPOHH HABKOJIMIIHBOIO MPUPOJHOTO CEepeoBUIIA 1
paIlOHAIBHOTO BUKOPUCTAHHS NpuUpoaHux pecypciB [1]. Tomy mnpoBeneHHsS OIIHKH
paalaliiHOroO CTaHy OKPEMHUX TEPUTOPIN € HA3BUYANHO aKTyaIbHUM.

Pamiamifinuii  KOHTPOJIb 00'€KTIB  HABKOJMIIHBOTO CEPEIOBUINA € BUXIJIHUM
NpOPUIAKTUYHUM 1 3aXMCHHM 3aX0JIOM, Ha 0a3l pe3ysbTaTiB SKOro (OpMyeThes 1
NpPUIMAETHCA /10 BHKOHAHHSA BCS CHCTEMa HACTYMHHX 3aXOAiB, IO 3a0e3MedyroTh
3HIDKCHHSI PIBHSI ONMPOMIHEHHS SIK yYaCHUKIB TPOBEACHHS pOOIT, Tak 1 HACEJICHHS.
EdexTuBHICTh pamiamiiiHOTO KOHTPOJIIO 3aJ€KUTh BiJ MIBUIKOCTI Ta JIOCTOBIPHOCTI
oJiep>KyBaHoi 1HGOpMAaIlii, a TAKOXK B1J] CTYNEHS TOBHOTU MOT0 MPOBEICHHS.

AHami3 Cy4yacHOTO CTaHy PO3pOOOK MPHIIAJIIB paIialliifHOTO0 KOHTPOJIIO MOKa3as, 10 B
JaHUW dYac PHUHOK IUX TPWIATiB TEPEKUBAE TMEPIOa PO3BUTKY. SK TeXHIUHI
XapaKTEPUCTUKHU, TaK 1 KOHCTPYKTHBHI PIIICHHS MPUJIAIIB JEXKATh y AyXKe€ HIHUPOKOMY
miara3oHi.

JIyist mpoBeieHHsT IKICHOTO PaaiamiifHOr0 MOHITOPUHTY 00’ €KTIB JOBKULIS B OCTaHHI
POKM HIMPOKO BHUKOPUCTOBYEThCS oOiaaHaHHs ¢ipmu Mipion. Lle B mepury uepry
JETEKTOPH TaMMa-BUIPOMIHIOBAaHHS 3 HAAYMCTOTO TepMaHil0 1 OaraTokaHaJIbHI

aHaII3aTOpHU IMIYJBLCIB, amb(da-creKTpoMeTpH, anbda-Oera pamioMeTpu, BUMIpIOBadi
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MOTYXHOCTI /103U TaMMa-BUIIPOMIHIOBAHHS ISl €KOJOTIYHOTO MOHITOPHUHTY, MOHITOPU
MOBITPSIHOTO ~ CEPEAOBUINA, TOPTATUBHI TamMMa-CIEKTPOMETPH Ta JIO3UMETPUYHI 1
pazioMeTpuyHi npuiaagu [2].

Sk mpuKIaz po3risgaeTbCs raMMa-ClieKTPOMETPUYHNN KOMIUIEKC Ha 6a3i 1eTeKTopa 3
Haguuctoro repmanito BE3830P GaraTokananbHOro anamizatopa immysibciB LYNX Ta
nporpamuaoro 3abe3nedeHHst Genie 2K 3 ommiero ISOCS.

Herextop BE3830P mae axtuBhy miommHy 3800 kB.MM 13 TOBHIMHOIO 30 MM.
Po3nminpH1 31aTHOCTI:

<=0.45 xeB nys eneprii 5.9 keB,
<=0.72 xeB s eneprii 122 xeB,
<=1.8 keB nys eneprii 1332 keB.

bararoxananeHuii anamizatop immyisciB LYNX € 1uudpoBuM curHaabHUM
npouecopoMm 3 32K mam’ari, BOyJOBaHUM JDKEPEIIOM BHCOKOI Hampyru (3 Tpboma
nmianazoHamu it pizHux TtumiB jaetrektopi), AIIII, Ethernet 1 USB intepdeiicu Ta
BOyI0BaHUM BeO-CepBep.

[Iporpamue 3abe3neuenHs Genie 2K kepye yciMa mapaMeTrpamMu €JIEKTPOHIKH,
00po0JIsie CHEKTpU Ta CTBOPIOE MPOTOKOJM pe3ynbTaTiB BuMiptoBanb. Omiis ISOCS
JI03BOJISIE BIAKAIIOPYBaTH KOXHUW OKpEMHUU JETEKTOp MO e(PEeKTUBHOCTI pericTparlii
raMMma-KBaHTIB 1 MPOBOJUTH BUMIPIOBAHHS a0COJIFOTHOI AKTUBHOCTI 3pa3KiB Ppi3HOI
reoMeTpii 6€3 BUKOPUCTAHHS KaTiOpyBaIbHUX PATI0AKTUBHUX JKEPE.

Takum yrHOM, BUIIE3raJaHN TaMMa-CIIEKTPOMETPUYHUA KOMILJIEKC € YHIBEPCATbHUM
IHCTPYMEHTOM BU3HAY€HHS KOHLEHTpAlil pamZloOHyKIIAIB Yy Oyap-akux 00’ €KTax
HABKOJIMIITHBOTO cepefoBuia. KomIuiekc Mae BapiaHT MOOUIHPHOTO BHUKOHAHHS 31

creriaJbHUM MOJYJIBHUM 3aXHMCTOM, BI3KOM Ta JIJa3€pPHUM BUMIPIOBAYEM B1JICTaHI.

[1].[Tocunanns Ha iHGOpMaIIio Tpo obmagHaHHs hipMu MipioH: www.mirion.com
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OCOBJHUBOCTI ®OTOJIOMIHECHEHIIII BAKTEPIA

0.0. Bauaypun', .M. [lapra?, I11.B. Monnap?, }0.A. Bannypun®

TV arceopoocoruti naykosuii niyeti 3akapnamcokoi OBA, Yoczopoo, Yrpaina
*IIBH3 Yaiceopoocekuil Hayionanvhuil yrieepcumem, Yoceopoo, Yipaina
SInemumym enexmponnoi gizuxu HAH Yrpainu, Yaceopoo, Yipaina
e-mail: banduryn2@gmail.com

B ocTtanHe gecstupiuus BeTMKa yBara JOCTIJIHUKIB 3 yCbOTO CBITYy MPHUKyTa JI0
CBOEYACHOTO Ta IIBHJIKOTO BHUSBIICHHS OaKTepiii MATOTEHHOTO XapakTepy. 30Kpema
BOXJIMBUM € BUSIBICHHS MATOTCHHUX ISl JTIOAMHHU CTa(UIOKOKIB, 1H(EKIIl SKUX YacTo
BUSIBJISIIOTBCS B yChOMY CBIT1. BOHM CYTT€BO BIUIMBAIOTh HA 3aXBOPIOBAHICTH 1 CMEPTHICTb
JOAE Ta 3aBAal0Th 3HAYHUX €KOHOMIYHMX 30MTKIB uepe3 BTpary mpare3laTHocTi. B
yMOBax BIiHU B YKpaiHi 3pocTae BaromicTh 06aktepiit Pseudomonas aerugenosa, siki, siK 1
cTadJIOKOKH, 4aCcTO 1H(PIKYIOTh paHH, [0 MOKE CTATH IPUYUHOIO CEPHO3HUX YCKIIaHCHD
1 ammyTariii. B Toit ke yac 1e He 3HaiIeHO MBUIKKUX 1 ACHICBUX METOIB iAeHTH]IKALIT
130J15TIB IIMX OakTepiid. AHaNOriyHa CUTYyallisl 1 3 MaTOreHHUMHU OaKkTepisiMU XapyOBOIrO
MOXO/DKEHHS, K1 4acTO (DIKCYIOThCA B YCbOMY CBITI Ta CYTT€BO BIUIMBAIOTh HAaBITh Ha
COLIIAJIbBHO-EKOHOMIYHMI PO3BUTOK OKPEMHX KpaiH. BueHl JOCHIKYIOTh MOKJIUBICTDH
3actocyBaHHs sBuIla Goronominecueniii (OJI) s mBUIKOro Ta HAAIHHOTO BUSBICHHS
Oakrtepiii. OMHOYACHO BiAOYBAEThCA SK BHBYEHHS IHOTO SBHINA IS PI3HUX BHJIIB
OakTepiii, Tak 1 PO3BUTOK JIarHOCTUYHUX METOJIUK. Pa3oM 3 TMM, HM3Ka CKJIAIHUX MMUTaHb
Mae OyTH BUpillieHa Ha 1boMy nusixy. Lle, mo-mepiie, mouryk BiAMOBIAHOI ClIEKTPaIbHOL
00JacTi, JIe¢ NPOSBISETHCA JIOMIHECLCHIIISI KOHKPETHOrOo BHAY OaKTepii, a TakKoX
BU3HAYEHHS HEOOXIJIHOT OBXUHU XBHI 30y/Kyrounx ¢oToHiB. [lo apyre, moTpiOHO
3MIMCHUTH BUBYEHHS JIIOMIHECUEHTHUX XapaKTEpPUCTUK OakTepii, a He IiX pPO3YHMHIB,
OCKUIBKM JyX€ YacTO MOJEKYJId PO3UMHHUKA CYTTEBO CIOTBOPIOIOTH CIEKTPU
JoMiHecteHIliT. Mu po3pobuinu metonuky pocuipkenHs OJI came 6iomacu GakTepiid.

BumiproBaHHS ~ CHEKTpIB  JIIOMIHECHEHIi  OakTepiii  371HCHIOBAJIOCH  Ha
criektpodurroopodoromerpi Shimadzu RF-6000 [1]. KyneTypu 6akTepiii BUCIBaNIHCS Ha
5 MM map noxXuBHOro arapy B yamku lletpi. OgHy MOBHY MIKpOOIOJOTIYHY METIIO
HakJIaJand Ha Iwionly 1 cM? Ha 4YOpHY MAaTOBY IOBEPXHIO MPSAMOKYTHHKA 25X25 MM,
BUTOTOBJICHOTO 3 IIJJACTMAcOBOI OO0OJIOHKM Jucketu 3,5 moiima. IIpAMOKYTHHK 3
610Macoro JIETKO PO3TAIIOBYBABCS BEPTHUKAIBHO y CHEMiaIbHO BUTOTOBICHOMY TpHUMadi
3paskiB. 30y IKyI0Ul TIOMIHECIICHITII0 POTOHU Majjaii Ha TOBEPXHIO 3pa3ka mij KyTom 15°,
BiamoBinHO criocTepekeHHs JIFOMIHECIIEHITIT BiI0OyBaIoCh MiJ KyTOM 75° M0 MOBEpXHI.
Taka reomeTtpist Jociay 3abe3nednia 3HaYHe 3HIKEHHS MMOTOKIB PO3CISTHUX Ta BIIOUTHX
B1J1 TOBEPXHI 3pa3ka GpoToHiB [2].
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Ha BuxigHy miijnHy BiJICIKY 3 KCEHOHOBOIO JJaMITOI0 BCTAHOBIIOBABCS CBITIIODIBTP
CC-15, a Ha BXigHy UIUIMHY JE€TEKTYI0Y0i YaCTUHU puiiaay - cBiTinodinstp XKC-11.
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+  pseudomonas
* aureus
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Puc. 1. Cnextpu doTomoMiHeCIEHITIT OakTepiit ipu 30y KeHH1 (OTOHAMH.

Ha puc. 1 npencrasneni cnekrpu @DJI, orpumani npu 30ymKeHHI (HOTOHAMH 3
noBxkuHOIW XBwiIl 405 HM ABOX cTadUIOKOKOBUX Oaktepiit Staphylococcus aureus Ta
Staphylococcus saprophyticus, a TakoX NATUYKOBO1 OakTepii Pseudomonas aeruginosa.

[TopiBHSIHHSA 3 BIIOMUMH 3 JITEPATYPH CIIEKTPAMHU JO3BOJISIE 11€HTU(DIKYBATH MIPOSIB
JIOMIHECIIEHITT Y BUIJISIII MakcUMyMiB o0au3y 620, 650 Ta 685 HM 3 BUTIPOMiIHIOBaHHSIM
nopdipunHiB Ta mporonopdipuHiB. [lyOnmeTHy CTPyKTypy MakCUMyMy B CIIEKTpi
Pseudomonas aeruginosa 3 makcumymamu 622,8 Ta 634,2 HM MU CIIOCTEpITAIM BIIEPIIIE.
BtiMm, sk 1 mosiBy 11e oiHOr0 Makcumymy nipu 705 HM y cnekTpi wiei 6akrepii. Kpim Toro,
B JIITEpaTypi BIACYTHI JIaHi 11010 JIFOMIHECIEHIIIT IUX OaKTepiil B CEKTpaIbHIi 00J1acTi
440—550 uM. Skpa3 y Wil OUISHII CHOEKTPY BCl TpW OakTepii MPOSBISIIOTH CYTTEBI
BIIMIHHOCTI. 3MIHIOETbCS SIK TMOJIOKEHHS MaKCUMyMy, Tak 1 ¢opMa IIMPOKOI CMYTH
BUNPOMIHIOBaHHS. BpaxoByroum, mo B Iiii 00JaCTI BUMPOMIHIOBAHHS O1OMOJIEKYT €
cynepriosuiiero crektpiB mosekyn CH, OH ta CO, 3HaiiieHi Ham#u BiIMIHHOCTI
noTpeOyIoTh OLIBIN JETANBHOTO 1X BHMBUEHHs Ta iAeHTHdikamii. [Ipupoaa me omHoro

MaKCUMyMy MOOJu3y 578 HM TakoX MOKH 110 3JIUIIAETHCS HE BCTAHOBIICHOIO.
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TakuM 4rHOM, HaMH PO3pOOJIECHA METOAMKA Ta TIPOBECHI TOCIIKCHHS CIIEKTPiB
doTomominectieH i 6ioMac 1Box cradiiokokoBuX OakTepiit Staphylococcus aureus Ta
Staphylococcus saprophyticus, a TakoX TaTHIKOBOi O6akTepii Pseudomonas aeruginosa B
YUCTOMY BUTJISJI, HE BHUKOPUCTOBYIOUM pO3uuHIB. OTpuMaHi HaMu BIJAMIHHOCTI B
cunektpax ®PJI 103BOIATH y MaltOyTHROMY MPOBOIUTH AU(PEPEHIIHHY A1aTHOCTUKY LIHX
0akTepiii, BAKOPHUCTOBYIOUH OCOOIMBOCTI iX (hOTOIFOMIHECIIEHIII].

[1] Bandurin Yu A et al. Eur. Phys. J. D. 76 9 (2022).
[2] Bandurin Yu A et al. Med Discoveries. 4(1): 1242 (2025).
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HAHOKPUCTAJIA TbO2x 3 BUPAYKEHOIO ITPOOKCUJAHTHOIO
AKTUBHICTIO I A®K-3AJIEXKHOIO JITIOMIHECIHHEHIICIO
IOHIB Th*

M.I. Jlynan, B.B. Ceminbko, I1.0. Makcumuyk, K.O. I'y6enxko,
B.K. Knoukos, C.B. €pimona

Inemumym cyunmunayiunux mamepianie Hayionanvnoi akademii nayk Yxpainu, Xapxis
e-mail: nikita.lupan4@gmail.com

Hanokpuctanu oxcugy uepito (CeOzx) BiIOMI CBOIMH aHTHOKCHUIAHTHUMU
BJIACTUBOCTSIMHU, 3yMOBJICHHUMH 3MIHHOIO BaJIGHTHICTIO 10HIB Iepito. OxpiM 1epiro,
cTabuIbHMM OKcu 13 [V-BaJeHTHICTIO YTBOPIOIOTh TaKOX TepO1i 1 mpazeoaum [1]. V mii
po0O0TI OyJIO CHHTE30BaHO Ta AOCTIIKEHO HaHOKpUcTanu TbO,.« — maTepian, CTpyKTypHO
imeHTuuHuil 10 CeOy, ajie 3 BUPAXKEHOK MPOOKCUJAHTHOIO akTuBHICTIO Ta ADK-
Yy TJIMBOIO JTIOMiHEcHeHIieo Th",

Hanokpuctanu  TbO,x Oynmu  oTpuMaHi  HUIAXOM  T1IPOTEPMAILHOTO
0CaJPKyBaJIbHOTO CHHTE3Y 3 MOJAJBIIO TEPMOOOPOOKOIO 1 AUCTIEPTyBAHHSIM Y BOJTHOMY
cepenoBuili. CuHTe3oBaHl HaHodacTHHKM gociikeHi [IEM, PDA, POC. Orpumani
crekTpu sroMiHeceHmii TbO,y. 3a 300paxennsmu [IEM BcTaHOBIIEHO, 1O cepeaHii
po3Mip yacTHHOK cTaHOBUTH 20.0 + 1.4 um. PDA nokazas, 110 CTPyKTypa OTPUMAaHHUX
3paskiB Binosinae Gpmoopurononiouiii I'LIK 3 mapameTpoM eneMeHTapHOI rpaTku 5.23 A.
BuxopucroBytoun piBusaas Illepepa, Oyno po3paxoBaHO cepeAHiil  po3Mip
HAaHOKPUCTAIIB, PIBHUN ~25 HM, 110 y3roKyeThes 3 pesyabratamu [IEM. POC 3d Ta 4d
PiBHIB TepOit0 ToKa3as, 10 npuban3Ho 33% MOBEPXHEBOTO Ta MPUIIOBEPXHEBOTO TEPOIr0
Mae BajeHTHICTh 3+. JlocmimkeHHs 1s pIBHIB KHCHIO IIOKa3ajgo, IO HOTO CIEKTP
CKJIaJIa€ThCs 3 IBOX cMYT — cmyra 534.9 um (20%), mo Oyna BigHeceHa a0 kucHio y OH
rpynax, ajcopOOBaHMX Ha MOBEPXHI HaHOKpHUcTamiB, 1 cmyra 532.8 uMm (80%), mio
BIIHOCUTBCS JIO KPUCTATIYHOTO KUCHIO.

BumiproBaHHs JTFOMIHECIEHIII HAHOKPUCTANIB y 3€JEHi 001acTi CHekTpy Mpu
30yPKEHH1 CBITJIOM 3 JOBXKHHOIO XBHJI Aex = 273 HM JIEMOHCTPY€E TUIIOBUN HaOlp MIKiB
JUIs. TpuBaJIeHTHOro TepOito [2]. JlochmimkeHHs B3aeMOJIl HAHOYACTHHOK 3 TEPEKHUCOM
BOJHIO TIOKAa3ye€, IO JOJaBaHHS OUIBIIMX KOHIICHTpAIlld TEPEKUCYy B PO3YMH, 5K 1
30UIBIIICHHSI Yacy B3a€MOii 3 HUM, MPU3BOJUTH JI0 3MEHIIEHHS I1HTEHCUBHOCTI
mominectennii Tb*", mo ¢BiquuTs Npo OKMCHEHHS TPUBAIEHTHOTO TEPOItO IPH B3a€MOIIi
3 IepeKkrcoM BoJIHIO. [Ipu B3aeMo111 HAHOKPHUCTAIB 3 IEPEKUCOM BOJTHIO CIIOCTEPITAETHCS
YTBOPEHHsI TiJIpokcui-pagukaniB. i nBa pe3ynapTaTd MOXYTh CBIIYUTH PO TE, IO
HAHOYACTUHKHU PO3KJIAIAI0Th TIEPEKUC BOJIHIO 32 TUTIOM peakilii DeHToHa:

Tb* + H,0, — Tb* + OH" + OH- (1)
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Puc. 1. 3mina inTeHcHBHOCTI MroMiHecHenmii ioniB Tb*" nanokpucTanis okcumy
TepOito PH JT0AABaHH1 A0 PO3UYMHY PI3HUX KOHUEHTpALlil IEPEKUCY BOJTHIO.

3aranom, HAHOKPUCTAJIA OKCUAY TepOit0 JEMOHCTPYIOTh BUPAKEHY MPOOKCUIAHTHY
aKTUBHICTh, OMPHU CTPYKTYPHY MOJIOHICTH O OKCUAY Liepito. Martepian 4yTJIMBO pearye
Ha aKTUBHI (POPMU KHCHIO, 30KpeMa Ha TEPEeKUC BOJHIO, IO MPOSBISETHCA y 3MIHI
IHTGHCHBHOCTI JIFOMIHECIICHIIII TpPHUBaJEHTHOrO TepOi0. BcTaHOBIEHI BIIACTHUBOCTI
CBIT4aTh MPO MEPCIEKTUBHICTh HAHOKPUCTAIIB OKCHIY TEPOIIO SIK OCHOBH JJIsl CTBOPEHHS
pPaHO3arolBaJIbHUX, MPOTUITYXJIMHHUX Ta aHTUOAKTEpiaJbHUX TpErapaTiB, a TaKOX 5K
CEHCOPHOTO MaTepiairy Jjisl BUSIBJICHHS MTEPEKUCY BOIHIO.

[1] E. van der Kolk and P. Dorenbos, Chem. Mater. 2006, 18 (15), 3458-3462. DOI:
10.1021/cm060775s.
[2] E. H. H. Hasabeldaim, H. C. Swart, R. E. Kroon, RSC Adv., 2023, 13, 5353. DOI:
10.1039/d2ra07897;.
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JOCJIJKEHHSI MEXAHI3MY MEPEJAYI KBAHTOBOI
THOOPMAIIII MI’K IBOMA ATOMAMM KYBITAMUA

C.M. Ky3bma, B.1O. Jlazyp, B.B. Py6im, O.K. PeiiTiit

JBH3 "Yaceopoocvkuil Hayionanvuuil yrigepcumem'", Yaczopoo
e-mail: kuzma.svitlana@uzhnu.edu.ua

CranaapTHOIO MOJIEIUTIO JIJIsl OMHCY MPOLECIB PE30HAHCHOI Mepenayi KBaHTOBOI
iH(MOopMaIlii Ha JOBUTHHI BIJICTaHI CIIYTY€E CUCTEMA 3 IBOX OJHAKOBUX JTBOPIBHEBUX aTOMIB,
OJIMH 3 SKUX OINPOMIHIOETHCA TOJIEM pealbHUX (DOTOHIB. BHBUEHHS PI3HUX PEXUMIB
JUHAMIKHM TaKOi MOJIETTbHOT CUCTEMHU IPH i1 B3a€MOIIi 3 MOJIEM peaIbHUX (POTOHIB MOXKE
MOCIIYKUTH OCHOBOIO JUIsl CTBOPEHHS €JIEMEHTHOI 0a31 KBaHTOBUX KOMIT 10TepiB [1].

PosrisiHyra Hamu 3ajada Mpo MeEXaHI3MHU Tiepeladl KBaHTOBOi i1H(opMailii Bif
OJIHOTO aTOMa JIO 1HIIIOTO IPYHTY€EThCS Ha TOCIIIJKEHH] BJIACTUBOCTEM KOMIIAyHI-CUCTEMHU
“atroMm A(1) + atom A(2) + mose F”. Y BIAMOBIAHOCTI 3 I[i€f0 KOHIICMIIIEIO MPU aHaTi3i
npoIieciB mepenavi kBaHTOBOi iH(opMarii Mk kyOitamu A(1) ta A(2) 3pydHO
pPO3MIIAIaTH TIOJIE K CHUCTEMY 3 BH3HAUCHHWM YHCJIOM KBaHTIB M, 1 BKJIOYATH HOTO Y
He30ypeHnii TaminbToHian H. IloBHmii ramimsromian H kommayra-cuctemu “A(1) +
A(2) + F” mae Burmsn [2]:

-

H ES ﬁo +I:Iint

H+ H: + Hyy,. (1)

Tyr Hy=H+ H. = H,(#) + H,(%) + 17;5—;[)(171,172; R) + He, H,, H,- raminsronianu
i3ompoBanux aromie A(1) i A(2) signosigHo; R — BEKTOD BiJICTaHI MIX sIIpaMHU aTOMIiB;
Zg—;) (71, 75; R) — onepatop B3acmonii atomis A(1) i A(2) Ha noBinbHil BigcTani oqun Bix
OJIHOTO B EJEKTPUYHOMY AUNOJbHOMY HaOmmwkeHHl (auB. [3]); paaiyc-BeKTOpH
ENEKTPOHIB 75 1 7, BigHOCATHCs 10 nepmoro A(1) i apyroro A(2) aroma Bigmosiguo. Y
TIpeCTaBIeHHI BTOPUHHOTO KBAaHTYBaHHS raMinsToHian Hy i enepris E,, BimbHOTO MO
(hOTOHIB BU3HAYAIOTHCS CTAaHAAPTHUMHU BUPA3aAMU:

A, = z hwdta,, — E, = z han,,
w w

e N, — 9KUCIO (POTOHIB YACTOTU W y HOpMyBalbHOMYy 00’emi Vg, ), i @, — oneparopu
MOPO/DKCHHS 1 3HUINEHHS (DOTOHIB Y TPE/ICTABICHHI YKCENl 3allOBHEHHS 1, (OTOHHUX
cTaniB |n,); Hy — raMineToHiaH B3aeMoii ojHOENEKTpoHHOrO atoma A(2) 3 monem
peanbHUX (POTOHIB.

[lepmmii eram po3B’s3aHHS JaHOI 3ajadl MoOJsArae y JOCIIKEHH! BIUIUBY
3aMi3HIOYO]  JIUTMONb-JAUIOIBHOI  B3a€EMOJii  aTOMIB Ha ONTHUYHI  BJIACTHUBOCTI
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EHEePreTUYHUX PIBHIB CUCTEMHU 3 JBOX OJHAKOBHUX JIBOpIBHEBHUX aToMmiB (muB. [3]), a
ApyTUid — y po3B'sA3aHHI AMHAMIYHOI 33/a4l — CUCTEMH YaCOBUX PIBHSAHB ISl aMILIITY ]I
IMOBIPHOCTI MPU pe30HAHCHOMY (HEPE30HAHCHOMY) MOTJIMHAHHI (POTOHA OJTHUM 13 aTOMIB
1i€i cuctemu (nuB. [4]). 3okpema Oyii0 ofiep>kaHO TOYHI aHATITUYHI BUPA3H JIJIST aMILTITY]]
IMOBIPHOCTI MOXJIMBUX CTaHIB KoMmayH-cucteMu «aroM A(1) + atom A(2) + momne» Ta
oOumcieHi X 3Ha4eHHS sIK (QYHKIIIT Jacy.

B naniif po60Ti 1eTalbHO PO3TIISHYTO TPU IPAHUYHI BUMAKU OTPUMAHUX TOYHHUX
PO3B'SI3KIB CHCTEMH YaCOBUX DPIBHSAHB JJIS aMIUTITYJl IMOBIPHOCTI MpPH PE30HAHCHOMY
(HEpe30HAaHCHOMY) MOTJMHAHHI (OTOHA 1 TPH PI3HUX MIKATOMHHUX BIJICTaHAX, K1
JT03BOJISIOTH JETaJbHO JOCIIKYBAaTH BIUIUB Pi3HUX (Pi3ndHMX (PaKkTOpiB (MOJIAPU3YHOUHX
MOJIIB, KBAHTOBUX KOpPEJSIii, epeKTiB 3ali3HIOBaHHS, MapaMeTpiB BIUIMBY peajbHUX
(OTOHIB Ha aTOMHU TOIIO) HA MPOIEC PE30HAHCHOI Mepeadi KBaHTOBOI 1HGoOpMaIlii Bij
OJTHOTO JTBOPIBHEBOTO aTOMa JI0 1HILIOTO.

[1] Maller K.M. et el., Phys. Rev. A. 92, 022336 (2015).

[2] V.Yu. Lazur, S.I. Myhalyna, O.K. Reity, Phys. Rev. A. 81, 062707 (2010).

[3] V.Yu. Lazur, S.I. Myhalyna, O.K. Reity, V.V. Rubish, M.I. Karbovanets,
Scientific Herald of Uzhhorod University. Series Physics 45, 73 (2019).

[4] V.Yu. Lazur, S.M. Kuzma, V.V. Rubish, O.K. Reity. Time of quantum
information transfer from one atom qubit to another taking into account damping of
quantum states. Proceedings of the 22-th Small Triangle Meeting (October 25-28,
2022, Medzilaborce, Slovakia). — Kosice: Printed in the Institute of Experimental
Physics. — 2023. — P. 48-59. (ISBN 978-80-8143-337-5).
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ABTOMATH30OBAHUM CKAHEP JIJISI JIATHOCTUKH TA
KOHTPOJIIO OJHOPITHOCTI IIOJISAA OITPOMIHEHHS ITYUKA
INPUCKOPEHUX EJIEKTPOHIB

M. TomummH, M. Pomaniok, I. Merena

Incmumym enexkmponnoi isuxu HAH Ykpainu, ¥Yoceopoo
e-mail: Tomyshym@ubkr.net

OIHOPIHICTD MOJISI OPOMIHEHHS ITyUYKa €JIEKTPOHIB € KPUTUYHUM MapaMeTpoOM JIst
OaraTbOX MPUKIATHUX  3aJa4, 30KpeMa, B Traiay3sax pajiamiiiHoi  (izuku,
Marepiajlo3HaBCTBA, MEIWLMHM Ta pajlauiiHoi crepuiizamii. Ilydyok mnpuckopeHux
€JIEKTPOHIB MIKpoTpoHa M-30, B 3a51e:HOCTI BIJl €HEprii Ta BiJICTaH1 10 00'ekTa, popMye
MoJi€ OMPOMIHEHHS 3 PI3HUMHM po3MipaMu Ta MmuUibHICTIO [1]. Jns 3a0e3neueHHs
BIITBOPIOBAHOCTI ~ €KCIIEPUMEHTIB, KOPEKTHOIO BHU3HAYEHHA J103 Ta N0OYyAO0BH
CUMYJISIIITHUX MOJIeJIe HEOOX1MHUM MOCTIMHUN KOHTPOJb MPOCTOPOBOI OJHOPIAHOCTI
My4Ka.

3anpornoHoBaHa CUCTEMa CKaHepa Ul JIarHOCTHKU TOJS ONPOMIHEHHS IydKa
MIPUCKOPEHUX EJIEKTPOHIB CKJIAJA€ThCS MEXAHIYHOI YAaCTUHU Ta CEHCOPHOI CUCTEMU 1
€JIEKTPOHIKH.

Mexaniuna yactusa (Puc. 1):
« pyxoma miatdopma, 110 peagizoBaHa y BUIJISIAI paMKU 3 HANpaBIslOUUMU Ta TphoMa
kpokoBumu aBuryHamu (X, Y1, Y2), ska 3a0e3nedye MepeMillleHHS IETEKTOpa IO
mromuHi 800%800 cMm;
« pobGoumii ememeHnt — mwiiHAp Dapazges, 1O 3AIMCHIOE BUMIPIOBAHHS JIOKAJIbHOI
T'YCTUHH CTPYMY €JIEKTPOHHOI'O IIy4YKa B 3aJlaH1i TOYIIl MOJIS.

CencopHa cuctemMa Ta enekrponika (Puc. 2):
o curHan 3 wwnHapa Papanes ouudpoByeTbes mnpenusiiauM  16-6iTHUM AL,

MIIKJTIOYEHUM JI0 MiKpokoHTpoJiepa ATmega323.

Jani gepes inTepdeiic RS232/USB nepenaroTbes Ha KOMIT FOTEP IS TOAJIBIIOT
00pOOKH.
[Iporpama kepyBaHHsS CKaHEpOM peajizoBaHa Ha MoBi Python 3 BukopucTaHHAM

616mioTexu PyQt5, mo 3a6e3neuye kpocmat@opMeHHICTh, TOOTO 31aTHICTh TPOTPAMHOTO
3a0e3nedeHHs TpaIfoBaTh OUTBIN, HIK HA OJTHIN anapaTtHii miatdopmi Ta/ado onepartiiHii
CUCTEMI, @ TaKOX MOXJIMBICTh 3allyCKy SIK Ha MEPCOHAJIBLHOMY KOMIIIOTEpl, TaKk 1 Ha
MIKpOKOMIT 10Tepi Tuiy Raspberry Pi.

I'padpiunnmii 1aTepdeiic (Puc. 3) mgo3Bossie: 1) kepyBaTH KPOKOBUMH JBUTYHAMH
(BKIIFOUHO 3 KajgiOpyBaHHSIM HYyJA); 2) 3aaaBaTH pPO3MIp CKaHOBaHOI 00JaCTI;
3) Bi3yai3yBaTH KapTy My4Ka y BUTJISA1 KOJILOPOBOI MaTpuill; 4) 30epiraTu pe3ysbTaTu y
rpaiyHOMY Ta YUCJIOBOMY BUIJISIIL.
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Puc. 1. Pyxoma mnatdopma ckanepa.

Puc. 2. Cucrema ympaBiiHHS CKaHEPOM.

Jlns  mokpalieHHsT  JOCTOBIPHOCTI  BUMIPIOBaHb Ta MPUTHIYCHHS  IIyMY
BUKOPUCTOBYIOTBCS aJITOPUTMH MOTEPEIHBbOT 0OPOOKH CUTHAITY:

1) MenianHuil GIBTP HE PO3MHUBAE PI3KI FPAHULIL PO3MOJLTY 1 € €PEKTUBHUM MPU
HAsIBHOCTI IMITYJIbCHOT'O IIIyMY;
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2) TlaycoBe 3rmajpkyBaHHS J03BOJIsi€ 30epiraTd IUIaBHI TPAIIEHTH TYCTHHHU
€JIEKTPOHHOTO ITy4YKa MPH MPUTHIYCHHI BUCOKOYACTOTHOTO IIIyMY;

3) 2D-ampokcumartis pyskiiero ['ayca abo crmaitH-1IHTEPHOAIIS — 71 TOOY0BU
3T/ PKEHOTO TIOJIS MUTHHOCTI ITy9YKa Ha OCHOB1 TOYKOBUX BUMIPIB. st KUTBKICHOT OITIHKH
OJTHOPITHOCTI BBOJUTHCA KOe(]iIlieHT Bapiaiii abo BIAHOCHE CTaHIAPTHE BIAXUIJICHHS
TYCTUHH €JIEKTPOHHOTO ITyYKa IO TIJIOMIi OMPOMiHEHHS.

B | Motor 8 Detector Control - [m] X

Serial Port Selector

Select Port: Com1 ~

Detector Data

10
Status: OK
X Position: X:0
Y Position: Y: 0 Beam Density Map
Faraday Cup: Faraday: 0.00 V 100
Motor Control 08
Stepper X: — Left Right —
80
Stepper Y: +Up Down |
Set Zero Point TEST Start Calibration
0.6
60
40
0.4
20
0.2
o
0 20 0 60 80 100

Y motor count
Density [arb. units]

X motor count

Puc. 3. I'padiunuii inTepdeiic mporpamu KepyBaHHs.

Po3pobnena cucrema Ha 0a3i aBTOMAaTH30BAHOTO CKaHEpa JO3BOJISE 3 BHCOKOIO
PO3AUTHHOIO 3/IaTHICTIO JOCHIIKYBaTH OJHOPIAHICTh MyYKa MPU PI3HUX EHEPrisix
(1.7 MeB — 17.8 MeB) Ta BiacTansx Biji ckaHepa 110 Jpkepena BurpomiHioBanHs (0.5 —
4 m).

[IpoBeneHi TeCTOBI BHUMIPIOBAHHS MIATBEPAWIA €(PEKTUBHICTh BUKOPHUCTAHHS
ckaHepa npu (GopMyBaHH1 MOJENl onpoMiHeHHs [2]. Byno nmokaszaHo, 110 ckaHep J103BOJISIE
BUKOHYBAaTH NpPElM31iHI Ta BIATBOPIOBaHI BHUMIPIOBAHHS NapameTpiB IydKa, L0 €
BOKJIMBUM €TaIrloM y BaJlijiallii MpuUCKOpIOBaya, MiArOTOBIl €KCIIEPUMEHTIB Ta TMO0YI0BI
IMITallIfHUX MoJieNiel. 3aBIASKH BIIKPHUTIM apXiTEKTypi Ta BUKOPHCTAHHIO HEIOPOTUX
KOMIIOHEHTIB CKaHep MO)Xe OyTH JIerKO aJanTOBaHUM 10 IHIIMX YCTAHOBOK Ta
EKCIIePUMEHTAIbHIX 3a/1a4.

[1] MLL. Pomantok, M.J. Taitrim, O.M. TypxoBcbkuit Ta in., JKOJI 26, 1201 (2022).
[2] YO. Ilmakom, B. KomtyH, M. Powmantok, B. JlamaeB. BicHuk JIbBiBCHKOTO
yHiBepcuteTy. Cepist dizuuHa. 44, 155 (2009).
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AN ANALYSIS OF EXPERIMENTAL DATA ON “N NUCLEUS
DISINTEGRATION BY HIGH-ENERGY PROTONS

R. Murtazin', S. Karpus®!

'National Science Center «Kharkiv Institute of Physics and Technology» NAS of Ukraine,
Kharkiv
’Lutsk National Technical University, Lutsk
e-mail: rumurtazin@gmail.com

The “N nucleus is one of the main participants of the CNO cycle [1] - the process
of thermonuclear fusion of stellar matter. The cycle is based on a series of nuclear reactions
of proton radiation capture by the °C, *C, /*N, ©°N, 1°0, 170 and ®0 nuclei. A concurrent
process in the cycle is the development of the reactions (p, a) on ©°N, 7O and °F nuclei.
The presence of high-energy protons [2] in the solar spectrum allowing to confirm the
occurrence of additional coincident nuclear reactions that result in the decreasing of
number of the main nuclei participating in the CNO-cycle, such as *°C, N, and 50 [3]. In
the case of proton interactions with energies up to 50 MeV [4], on the basis of analyses of
the TALYS computer code predictions, it has been established that there are two channels
for the direct disintegration of “N: (p+d+3a) and (n+2p+3a), and for the formation of
intermediate nuclei °Be and B. An application of the TALY'S code has made it possible to
analyse the cross-section of the channels of p+/#N nuclear reactions, the products of which
are ’Be and ’B and then consider their contribution to the overall process of “N

disintegration.

[1] M. Wiescher, Phys. Perspect. 20, 124-158 (2018).

[2] M. Martucci et al., Space Weather, Vol. 21, Issue 1, January (2023).

[3] A. 1. Vdovin et al, 1zv. Rossiiskoi Akademii Nauk, Ser.Fiz., Vol.43, p.148 (1979).

[4] R. Murtazin, S. Karpus, Abstracts of Reports XXII Conference of High Energy Physics
and Nuclear Physics, Kharkiv, p. 26 (2024).
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OOTOJJIOMIHECHEHIIA TAYPUHY

I0.B. ®enypus’, 0. A. Banaypun?, II1.5. Monnap?,
O.JO.Bannypun’, A. M. 3asinomnysno’

'Komynanvne nexomepyiiine nionpuemcmeo « 3akapnamcbKutl RpOMunYXauHHULL YeHmp»
3axapnamcoroi OBA, Yaceopoo
Incmumym enexmponnoi ¢isuxu HAH Yipainu, Yoceopoo
SIBH?3 Yorceopoocekuii Hayionanvhuil yrisepcumem, Yiczopoo

e-mail: yuriifedurtsia@gmail.com

[IpencraBneHi pe3yiabTaTd JOCHIKEHb crekTpiB (oTtomominecueHi (CDJII)
aminokucinotu taypuny (C,H;NO;S). Busueno BB Ha C®OJI onpomiHeHHs 00’€kTa
enekTpoHamu 3 eHeprieto 6 MeB. Taypun, abo amiHO-eTaHCYJIb(OHOBA KHUCIOTA, Yy
BUCOKHUX KOHIICHTPAIISAX 3HaXOAUTHCA Y TJIa3Mi Ta TKaHWHAX JIrojiel 1 TBapuH. Halo1mbIn
PO3MOBCIOJIKEHA B CEPIIi, CITKIBII OKa, CKEJIETHUX M’s3aX, JICUKOLMTaX KPOB1, @ TAKOXK y
MO03Ky. KoHlleHTparis TaypuHy B 010JIOTTYHHX PiAMHAX BUKOPUCTOBYETHCS SIK O10MapKep
IpPU J1arHOCTUI NYXJIMHHUX 3aXBOPIOBaHb PI3HUX OpraHiB oauHUA. OcoOIMBICTIO
CTPYKTypHOi OyIOBM MOJEKYJIH TaypuUHY € HAsBHICTh aroma CIpKH, SKUWA 3B’ SI3aHHUH 3
riapokcunibHo0 Tpynoto OH Ta nBoMa atomamu KucHI0. Mu mpoBenu JOCITIIKEHHS
MOPOIIKOTIOIOHOTO TaypuHy, YUCTOTOIO He MeHme 99,6%. JletTalbHO TexXHIKa Ta
METO/IMKa BUMIPIOBaHb, OCOOJIMBOCTI MiITOTOBKH 3pa3KiB onucaHi B [1].

OnpoMiHeHHs 3pa3KiB Macoro 3 T 3aiiicHIoBanu Ha ycraHoBll Halcyon mydykom
eleKTpoHiB 3 eHepriero 6 MeV miamerpom 10 cm. Jlo3a onpoMiHeHHs BU3Haudajacs 3a
JIOTIOMOTOI0 IITATHOTO JO3UMeTpa mpuiany 3 TouHicTiO 1%. [ns BuBuennss COJI 3pazku
onpomiHtoBaiuck go3amu 0,2, 0,5, 2 ta 5 I'p. 30ymKkeHHS JTIOMIHECHICHIIIT TPOBOAMIOCH 3
BUKOPUCTAHHSIM 6 TOBXHUH XBUJIb — 275, 323, 351, 360, 368 Ta 380 HM.

Ha puc. 1 mnokazani C®JI, oTpumani Hamu JUisi 3pa3KiB TaypuHy. BoHu
JIEMOHCTPYIOTh BIUIMB €HEPrii 30yKyrounx (POTOHIB Ha opMyBaHHS CIEKTPiB. Ak Oys0
HaMHU 10Ka3aHo B [ 1], IFOMiHECLIEHTHE BUIIPOMIHIOBaHHS Ha TOBEPXHI IHIIUX aMIHOKHCIIOT
3yMOBJIEHE Mpolecamu 30y keHb aBoxaTomMHux (parmentiB OH ta CO. VYV Bunaaky
TaypHHY BCl 6 3aCTOCOBAaHUX HAMM JIOBXKUH XBUJIb 30y/DKYIOUUX (DOTOHIB MPU3BOJATH JI0
MOSIBY JIIOMIHECIIEHIII1 Y BUTJISIII CIEKTPIB ABOXIIKOBOT (DOPMHU 3 MAKCUMyMaMH MOOJIU3Y
440 ta 470 am. Tecrosi gochimkenas CDJI mapadiny (CnHanio, 1€ N MOXKE 3HAXOTUTUCH
B iHTepBali 3HaueHb 19—35) mnokazamm, mo Taka (opma CDJI mow’szana 3
BunpomiHtoBaHHsM pagukanie CH. Jlume 30ymKkeHHS HaOUIbIT KOPOTKOXBHJIHOBUMH
¢dotonamu 275 ta 323 HM CyTT€BO 30UIbILIY€E IHTEHCUBHICTH BUIIPOMIHIOBAHHSI MOOIU3Y
535 wm. CaMe TyT TMpOSABISIETBCA peaKcailiss HaWOIIbII BUCOKOCHEPTETUUHHUX
konuBanpHUX piBHIB OH. Taky BigminHicTe C®JI TaypuHy BiJ 1HIIMX aMIHOKHCIOT
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MOKHA TIOSICHUTH JIMIIIE HASBHICTIO Yy CKJIaJl MOJICKYJIM aroMa CIpKH 3 CHJIbHUM
KOBAJIEHTHUM 3B’ SI3KOM.
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S 4 . 380 muM
60000 s 2 - 368 um
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Puc.1. Cnexktpu CDJI nopomkonoioHOro TaypuHy.

C®JI onpoMiIHEHHX 3pa3KiB BIAPI3HAIOTBCA SAK 32 KBAHTOBUM BHUXOJOM
JIOMIHECIIeHINT, Tak 1 3a (opmoro. Ha puc. 2 s mpukiiaay Moka3aHO 3ajJeKHICTb
IHTEHCUBHOCTI BUIIPOMIHIOBaHHS B MakcUMyMi ooiu3y 440 HM 1151 ;=360 HM.
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Puc. 2. 3anexxHicTh IHTEHCUBHOCTI JIFOMIHECIIEHIIIT BT 031 OTIPOMIHEHHS.
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Haii6inpima 3miHa crioctepiraerbess npu n031 2 I'p. Ilpu npoMy 1HTEHCHBHICTH
JIOMIHECTIeHITiT 30UmbmyeThcst B 2,3 pasu. Ha BimMiHy Bia 1HIIMX aMiHOKUCIOT [2]
OTPOMIHEHHS TaypuWHY €JIEKTPOHAMU TMPHU3BOAUTH 10 (QparMeHTaIii MOJCeKyIu 3
yTBOpeHHsaM CH, abo 3 yTBOpeHHsIM ¢parMeHTy 06e3 aToma CipKH.

[1] Bandurin YA et al. Eur. Phys. J. D. 76 9 (2022).
[2] Bandurin YA et al. Med Discoveries. 3(6): 1178 (2024).
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3AJJAYI LITYYHOI'O IHTEJEKTY B TEOPII JO3UMETPUYHUX

BUMIPIOBAHDb
I1.B. ABopcekuii, O.M. Ilom, B.T. Macirox

Incmumym enexkmponnoi isuxu HAH Ykpainu, ¥Yoceopoo
e-mail: petro0798@gmail.com

Po3po6ku mryynoro intenekty (II) ocTanHiX pOKIB 3HAYHO PO3LMIUPUIU
MO>KJIUBOCTI MOr0 BUKOPUCTAHHS JJIsl BUPIIMICHHS PSAY HAYKOBHUX 1 MPUKIAJAHUX 3ajad.
Anroputm 3actocyBanss LI, sikuit monsdrae y qocsrHeHHI pe3yabTaTy 3 BUKOPUCTAHHSAM
1oro aTpuOyTiB: CAMOHABYAHHSI, TPUUHSTTS PillleHb, ONITUMI3allii IPOIIECiB 1 aganTarii 10
HOBUX YMOB € MPHUBAOIMBUM JIJIsl pI3HUX 3acTrocyBaHb. Bukopucranns LI nependauvae
HasSBHICTh HA0OpYy PI3HUX METOJIIB OTPUMAHHS HEOOXIIHOTO pe3ybTaTy, CTBOPECHHS IS
BOTO ONTHUMAJIBHUX aJTOPUTMIB 1 Mojeneil. [HmmMu cinoBamu, 0cOOJIMBOCTSIMHU TaKOi
3a/1a4l € sk OararonapaMeTpUUYHICTh Pe3yJbTaTiB, TaK 1 METOJHM iX JOCATHEHHS.

im0  JO3UMETPUYHMX JOCIHIPKEHb € BCTAHOBJICHHSI TMOMIMHYTOI KIUJIBKOCTI
pajianiiiHoi eHeprii 3 BUKOPUCTAHHSIM pi3HUX METOAUK. OCHOBOIO MEIMYHOI Ta
CaHITapHO-TEXHOJIOTTYHOT JO3UMETPIl € METOJ TEPMOCTUMYJIbOBAHOI JIFOMIHECUEHII]
(TCJI), sixuit monsirae y BCTaHOBJIEHHSI KOpEJsALii MK 1HTEHCUBHICTIO BUCBIUYBaHHS Ta
MOTJIMHYTOIO 103010 pajialii. [{i xapakTepucTHuky 3aekaTh BiJ XIMIYHOTO CKJIaly, YMOB
JIETYBaHHS JIO3UMETPUYHUX MaTepiaiiB, sIKI BH3HAYAIOTh CTPYKTYPY EHEPreTHUYHUX
PIBHIB, BIANOBIIAJbHUX 32 CTUMYJIbOBAHE JIIOMIHECIIEHTHE BUIPOMIHIOBaHHs. CyyacHa
teopiss TCJI po3umerpii J03BOJISIE BCTAHOBUTHU MapaMeTpyU EHEPreTUYHUX PIBHIB Ta
KIHETMYHI KOE(IIIEHTH TMEepexo/iB HOCIIB 3apsAy MDK HUMH, BUKOPUCTOBYIOUH
eKCIIepUMEHTaIbHI KPUBI BHCBIUYBAHHS ONPOMIHEHUX NO3MMETPUYHMX MaTepiamib. [i
eTamu: KOMIT' IOTEpPHA JCKOHBOMIONISA ekcriepuMeHTanbHux crnektpiB TCJI ta Bubip
METOAMK iX (iTipyBaHHs (MIATOHKH) TEOPETUUHUMH MOJCISIMH, SKI MICTATH IIUPOKHIA
Ha0lp eHEePreTUYHUX Ta KIHETUYHUX MapaMeTpiB. B KilachuHOMY MOHSTTI, Taka MpoIeaypa
BIJIHOCUTBCSA JI0 KJIACy HEKOPEKTHHUX 3aJ1ay, KOJIM PIIICHHS MOKe OyTH OTPUMAaHO B KJacl
pi3HuX HabopiB mapameTpiB. Bukopucranns 111 mae rapMoHi3yBaT BKa3zaHy Mpoieaypy,
3HAWTH ONTHMAaJIbHE BUPIMICHHA OaratomapaMeTprUYHOl 3aJadi IIJISTXOM BCTAHOBJICHHS
3HAYEHb €HEPreTUYHUX 1 KIHETUYHUX KOE(ILIEHTIB Ta YUCIa 3aXOMIEHUX HOCIIB 3apsiay.
J1J1st 11b0TO pO3p00IIEHO ITepaIifHO-PaKypPEHTHI, ONITUMI3aIlHI AJITOPUTMH, II10 37]aTH1 J10
CaMOHaBYaHHS 3 Hamepel] 3aJaHOI0 TOYHICTIO, $KAa BCTAHOBIIOETHCS 3HAYCHHSIM
napametrpa FOM (Figure of Merit). PosrnsnyTo crpykrypy LI minboBa dyHKuis, sKii
MarOTh 3aJJ0BOJILHATH PIIIEHHS 3aJlayi, AITOPUTM CaMOHABUYaHHS HAa MAacHBi TTapaMeTpiB
CUCTEMH, BCTAHOBJICHHS JUIslI HUX BaroBUX KOE(IIIEHTIB, 3aTyY€HHS PI3HUX METOIUK
ONTUMI3AIlli Ta BAKOPUCTAHHS 3aC001B MOJICTIOBAHHSI.

Taki 3aBnanHs Oyyu peanizoBadi B makeTi Lumini [1, 2], ne 3actocoBana mpoieaypa
CKEWTIHTY i ab initio MOJENIOBAaHHS JIFOMIHECIIEHTHUX XapaKTEPUCTUK OMPOMIHEHHX
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JTO3UMETPUYHUX MaTepialiB Ta (iTipyBaHHsS ekcnepuMmeHTanbHuX crnektpiB TCJI ms
aHaJli3y €HEPreTHYHOI CTPYKTYPH Ta BU3HAUCHHS KIHETUYHHX KOCQIIIEHTIB T03UMETPIB
metonamu III. Anroputm I B maketri Lumini rpyHTyeThCSI Ha METOJaX MAIIMHHOTO
HABYaHHs, 30KpeMa perpecii Ta kimacudikaiii, # Ma€ Ha METI HABUUTUCS ONTHUMAJIHHO
anpokcumyBaTh criektp TCJI, 1m0 Moxke MaTu JIeKiJIbKa TEMIIEPAaTypHUX MiKiB. 3aKIaAeHO
anroput™M  HaB4aHHS Lumini mnpu  3HaxomkeHHi  koopauHaT —miky — TCJI
(TemriepaTypa/iHTCHCUBHICTh) Ta mepedip BCIX mHapamMeTpiB KIHETHYHOI MOJENI IS
ontumizaiii FOM sik ninpoBoi QyHkIii npu ¢itipyBanHi. Lle hopmye HaByabHy BUOIPKY,
HA OCHOBI SIKOT MOJENb MOCTYIIOBO «BUUTHCS» PO3Mi3HABATH XapaKTEpPHI O3HAKU MIKiB,
30KpeMa iXHI0 (opMy, CUMETPit0, JOKAIbHI TPATI€HTH Ta CHIBBIAHOMIECHHS 3 CYCIIHIMH
ninsakamu. [Iporieaypa aHamizy BKJIIOYAE TOMEPEIHI0O 0OpOOKY KpHBOi (HOpMai3allito,
3raJKyBaHHsI, OOYMCICHHSI TOX1HUX), TICIsA YOro JaHl MOJAl0ThCA HA BXIJl IITY4YHOI
HEHUPOHHOI Mepexi abo IHIIOTO AIrOpuTMy (HANPHUKIIAA, TPAJIEHTHOTO OYCTHHTY YU
BUITAJIKOBOTO  JICY). AJITOPUTM BHUBOJUTH KOOPJMHATH IepedadyBaHOrO MIKYy
(Temmeparypa MaKCUMyMy) Ta HOTO 1HTEHCHUBHICTb.

[TakeT Lumini BiIKpuBa€e MOXKJIMBICTh BUXOTY 32 Mexk1 oHOpiBHEBOI Mojienii OTOR
(One Trap One Recombination ), 1110 BUKOPUCTOBY€ETHCS B TEOPIi 103UMETPIi, HAIPUKIIAI,
IUIIXOM BHUKOpUCTaHHS MeTony Monte-Kapmo mnpu  MojaenioBaHHI  MPOILIECIB
TEPMOCTHMYJIbOBAHO1 JIOMiHECHEHIIi Ta (ochopecleHIlii B TUIOBUX A03UMETPHUYHUX
Marepianax. Y MakeTi peaji3oBaHO MOXKJIMBICTh BPaXyBaHHS CTaTUCTUYHUX (PIIyKTyari
EHEPreTUYHUX 1 KIHETUYHUX MMapaMeTpiB, IO BIUIMBAIOTH HA PE3YyJIbTATU JO3UMETPUIHHUX
BUMIPIOBAaHb Y PEAIbHUX yMOBaX. [[eMOHCTpPYIOThCS pe3ysibTaTh BUKOpUCTaHHS Lumini
JUIS. MOJISTIOBAaHHS €(EKTUBHOCTI pealbHUX JO3WMETPIB, a TaKOX JJISI BHOKPEMIJICHHS
KJIFOUOBUX MapaMeTpiB, SIKI BU3HAYAIOTh iX YYTJIMBICTH 1 JOCTOBIPHICTh. TeopeThyHa
YacTHMHA UIIOCTPYETHhCS MPUKIAJaMUd BUKOPUCTaHHS mnakeTy Lumini npu oOpoOii
excriepuMenTanbHux TCJI-cnektpiB nqo3umerpis TLD-500K, nonepenHbo onpomMiHEHUX
Ha MiKpoTpoHi M-30 111 BCTAaHOBJICHHS HOTO €HEPTeTUYHUX Ta KIHETHUHUX MapaMeTpiB.
OO6roBoproeThecsl IpobiemMa MmapaMeTpu3ailii peaJbHUuX TO3UMETPUYHUX MaTepiatiB s
PI3HHX CXEM iX JIETyYBaHHS.

[1] P.V. Yavorskyi, O.M. Pop, V.T. Maslyuk. Sensory abilities of dosimetric
materials under conditions of parameter fluctuations: Monte Carlo method.
Semiconductor Physics, Quantum Electronics & Optoelectronics 2024. DOI:
https://doi.org/10.15407/spqe027.04.450

[2]P.V. Yavorskyi. Lumini package for ab initio modeling of dosimetric
experiments. Problems of atomic science and technology (PAST) ISSN 1562-6016
https://doi.org/10.46813/2024-153-154
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PO3POBKA YHIBEPCAJIBHOI'O IIYKAYA BEPLHINH
Y TPUT'EPI PIBHA HLT1 HA LHCb

B.O. Sakoscbkuii, A.C. Ycauos, O.A. besmmiiko, JI.O. I'ominka-be3mmuiiko

Kuiscvkuu nayionanonuu ynisepcumem imeni Tapaca Lllesuenxa, Kuig
Vrije Universiteit Amsterdam and Nikhef, Amstrerdam
e-mail: viadislav221b@gmail.com

barato cuenapiiB HoBoi @i3uku NpUITyCKaIOTh ICHYBaHHS HOBUX JOBTOKHMBYYHX
gactuHOK (Long-Lived Particles), siki MOXyTh JOIMOMOITH MOSICHUTH JIaBHI IpoOJieMu
¢13uKH, Takl K ICHyBaHHS TEMHOI Marepli. Taki YaCTUHKH MOXYThb YTBOPIOBATHUCH Y
BHCOKOCHEPIe€TUUYHUX MPOTOH-NIPOTOHHUX 3ITKHEHHSX Ha Bemukomy AJIpOHHOMY
Konaiinepi (BAK) 1 moxyTts Oytu 3apeectpoBani gerekropom LHCb [1], mo mae
VHIKQJIbHY YYTJUBICTh O 4YacTUHOK 3 macoro mnopsanky ['eB. Jlerektrop LHCb — ne
OJIHOIUIEYOBUU CIIEKTPOMETP, SIKUW JyKe N00pe OCHAIEHWH y NEepenHid 4YacThHI, 110
J03BOJISIE HOMY BUSIBISITH curHai BiJ po3nany LLP nHa yactunku CrangaptHoi Mogeni 3
BHUCOKOIO TOuHICTIO. OnHaK, 1mo0 poOuTH 1ie edeKTHUBHO, MOTPIOCH CHeliaTbHUIMA
ITOPUTM, SIKUI MOKE IIBUAKO 11€HTU(IKYBAaTU BEPIIMHU PO3MAy — TOUYKH B POCTOPI, B
AKUX B1AOyJIach B3a€MOJIisl YaCTHHOK a00 po3majl OJHIET 3 YTBOPEHHSIM HOBUX.

B pamkax mpaHoi poOOTH MOXHa BUAUIMTH ABa TUNU BepiiuH: [lepBunni (Primary
Vertices) ta 3minieHi (Generic Displaced Vertices). PV po3ramoBani 01u3bKo 10 JiHIT
nmydka, TpyOH, /e PO3TaHSIIOTHCSA MPOTOHM, 1 MOXKYTh PO3IIIAJATUCH SIK TOUYKH B3aEMOJII1
LMX TPOTOHIB Ha KoJjaiiaepi abo po3naj KOPOTKOKUBYUYUX YacTUHOK. GDV po3sramoBani
Ha BiACTaH1 B JIHII MydYKa 1 BIAMOBIAHO PO3TJISTAIOTHCSA SK KaHAWIATH Ha BEPIITUHU
posnany LLP.

[IpoexT Mae Ha MeTI pO3POOUTH HOBUIA aITOPUTM, 110 mykae GDV B ekciepuMeHTi
LHCb. Ilicns toro sik anroput™ Oynie TOTOBUH, BiH MOTpeOyBaTUME MIBUIKOI peasizaiii
Ha CUDA nns 3amycky B pexumi onnaiiH Ha LHCb GPU ¢epmi. UyTnuBicTh mourykis
LLP Oyzae 3HauHO MIJABUIIECHO 32 PaXyHOK CIEIiaJbHOTO TPUTEPY.

Hapasi gerekrop LHCb 37gaTeH 3umTyBaTH JaHl 3 MaKCUMAaJIbHOIO IIBUIKICTIO
40 T6it/c. 1le moTiK maHWX, SKUK HEOOX1MHO BiAMUIBTPYBATH, IIO JOCATAETHCS ABOMA
nporpamaumu eranamu: HLT1 1 HLT2 [2]. B LHC Run 3 HLTI1 6yno BaockoHaneHO
nuisixom peanizamii Ha GPU. Ile mepmmii moBHicTio GPU-opienToBaHuii TpuUrep, SKuit
BUKOPUCTOBYETHCS i fociikeHb Ha BAK, mo BiakpuBae mepen HaMu YHIKaJIbHI
nocaigHubKl MoxiuBocTi. Came st Tpurepy HLT1 nucaBes nanmii anroputm Bigoopy
3MIIIEHUX BEPIIUH.

JI1st peKOHCTPYKIIi BEPIIMH aJITOPUTM MpALIO€e 3 Tpekamu, oTpumanumu 3 VELO
netrexropa [3]. Cam anroputMm nomyky GDV peani3yeThcs B KUTbKa €TamiB:

106



IED-2025 IEP-2025
Yxropon, 20-23 tpasast 2025 Uzhhorod, May 20-23, 2025

1. ITomyk BepuIMH 32 MapaMu TPeKIiB: PO3MIISIAIOTHCS OY/b-sK1 MOXKJIMBI MapH
TPEKIB Yy MO/Iii 1 pO3pax0OBYETHCSA BiJICTaHh MK HUMH. SIKIII0 BOHM OJIM3bK1 OJIUH 10 OJTHOTO
3a kputepieM y? mu Oyayemo Tak 3BaHy Seed Vertex, 0 € KaHAUJATOM Ha PealbHy
GDV. Ha npomy erami BepIIMHA Ma€ KOOPAMHATH, 3HAYCHHS )2, JBa TPEKU Ta IOXHOKH
MIPEICTABIICHI KOBAPIaHTHOIO MATPHIICIO.

2. lonaBaHHs iHIIUX TPeKiB 10 BepPUIMHHU: YCl 1HII TPEKU MEPEBIPAIOTHCS Ha
npuHajIekHICTh moOyaoBaHid Seed Vertex. [l 1bOro BUMIPIOETHCS BIACTaHb MIXK
BEPIIMHOIO Ta KOKHMM IHIIUM TPEKOM B Mojii. SIKIIO 3a TUM 3Ke mapameTpoM Y2 BOHU
OJIM3bK1, TO JaH1 TPEKH MPHUCBOIOIOTHCS 0OpaHii BepiuHi. Ha ibomMy eTamni OHOBITIOEThCS
3Ha4yeHHs 3araabHoro y2 s Seed Vertex BpaxoBYIOUHM Barosi Koe(illieHTH 11 10AaHUX
TPEKiB, 1 BIAMOBIIHO 3MIHIOETHCS BUTIIA KOBapiaHTHUX MATPUIb Ta KOOPIWHATH
BEPIITNHHU.

3. O0’eqHaHHs BepIIMH: SKIIO KUJIbKA BEPIIMH JIOCTaTHHO OJU3bKI OJHA JI0 OJIHOT
iX MOXHa PO3IJAAATH K OJIHY. BINMOBIIHO HA LOMY €Tami PO3paxoBYIOTbCS BIICTaH1
MDK yciMa MOOYJOBaHUMHU BEPIIMHAMH 1 MPU JOCTATHBOMY CTyMNEHI OJU3BKOCTI 3a
KpuTepieM y? OymyeThcs HOBa 00'€HaHA BeplinHA. TaKMM YMHOM 3arajibHa KilIbKiCTh
kanauaaTiB GDV 3Mmenmyerbes.

Bci eranu peanizoBano 3a gomnoMororo CUDA 3 iMIUIEMEHTali€l0 MapaieibHOTO
oOuucnenHs. [[ns peanizaiii BIaCHOTO aJrOpUTMy sIK 0a3uc Oyl0 BHUKOPHUCTAHO BKE
icuytoui: PVFinder ta GenericVertexFinder. 3apa3 PVFinder BukopucToBy€eThCS Ha
pannboMy etami Tpurepy HLT1 1 nanucanuit Ha GPU, OCHOBHUM 3aBJIaHHSIM SIKOTO €
nomyk PV. GenericVertexFinder mae cxoxi 3aBmaHHs [0 I[bOTO aJITOPUTMYy, alie
Hanmucanuit Ha CPU. J{ng moganeiioro ananizy 0yao po3po0iaeHO MOAYJb MOHITOPHUHTY 3
MO>KJIMBICTIO TIEPETIISAYy KOOpAUHAT, 3HaneHux GDVs.

Enirias 16155
' Maan F2 B0 -
a0~ | S1d Dev 71.35 -Z KOO p,ﬂ; HHATA
.- . . |
- ey Lo
it e O e

200 150 ki1 %0 1584 200

Puc.1. GDVs 3 nBox velo Tpekis.

[TepmmM BaXXTHMBUM KPUTEPIEM ISl ITOPUTMY € TIPaBUIIbHA PEKOHCTPYKIlis PV.
SAxmo nopiBusatu Puc.1 ta Puc.2, To BugHO, 1110 MikK Ha rictrorpami no GDV cniBnagaroTh
3 nojoxxkeHHsMu PV. lle MOXHA MOSCHUTHU BEJIMKOIO KUIBKICTIO OJM3BKUX TPEKIB, SIKI
HajexaTh MM PV, 1 BIANOBIAHY BEJIMKOIO KIJIBKICTIO onapHo nodynoBanux GDV.
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Puc. 2. PV, 3naitnenni PVFinder.

OTxe, y XOll BUKOHaHHS JaHOI poOOTH OyJI0 HAMMCaHO AJITOPUTM MOLIYKY
y3arajbHEHO 3MINIEHUX BEPIIMH Ta MOJAYJIb MOHITOPUHTY i aHam3y. [IpoekT mae
MEPCHEKTUBU ISl TOJAJBIIOT0 PO3BUTKY Ta IMOKPAIIEHHS TOYHOCTI PEKOHCTPYKIIIi
BEpUIMH 1 Mmicis aHami3y e(EeKTUBHOCTI TaKoro Tpurepy OyJe BHECEHHM B (PI3UUYHY
nporpamy LHCb.

[1] The LHCb Collaboration et al 2008 JINST 3 S08005.

[2] arXiv:1912.09161, Allen: A high level trigger on GPUs for LHCb.
[3] R. Aaij et al., LHCb Velo Upgrade Technical Design Report.
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CIHEKTPU EJIEKTPOH-®OTOHHOI EMICII 3 HOBEPXOHb
JYKHOTAJOITHUX KPUCTAJIB KCl, NaCl i KBr,
MOINPIKOBAHUX HAHOYACTUHKAMHA
TA HAHOIIVIIBKAMMUM METAJIIB Cui Ag

A.A. Cauka, O.M. KoHOIUTEOB

JIBH3 «Yarcecopoocvkuii nayionanvruil ynisepcumemy, Hapoona nn.3, m. ¥Yorceopoo
e-mail: anatolii.slyvka@uzhnu.edu.ua

31aTHICTh HAHOYACTHHOK METAJiB JUCIEProBaHUX B MATPUIll JY>KHO-TaJOiTHUX
kpuctaniB (JI'K) migcumroBaTu JOKajdbHI MOJA MOOJIU3Y iX IMOBEPXHI, 1 TUM CaMHM
MIPOSIBJISITH OCOOJIMBI ONTHYHI 1 €JIEKTPUYHI BJIACTUBOCTI IIUX JI1EIEKTPUYHUX PEUOBUH, JA€
I1JICTaBy PO3PaxOBYBAaTH Ha iX 3aCTOCYBaHHS B OINTOCJIEKTPOHII, HETIHIMHINA ONTHIIL,
PO3pO0IIl CEHCOPIB, aKyMYJISITOPIB €HEPT1i, TOLIO.

Mertoro ganoi podotu 0ys10 MeToI0M elleKTpoH-PoToHHOI criekTpockomii (EDC) [1]
MPOBECTH  JIOCHI/PKEHHA  EMICIMHMX  Ta  JIIOMIHECHEHTHHX  XapaKTePUCTHUK
HAaHOCTPYKTYPOBAaHUX HAHOYACTMHKAMU Ta MOAM(DIKOBAHUX HAHOIUTIBKaMHU cpibiia 1 Mifl
MoBepXOHb Jy>kHO-rajoinnux kpuctaiiB NaCl, KCI, KBr.

JlocnmiKeHHsT  CIIEKTPAIbHUX ~ XapaKTepUCTUK  €JIEKTPOH-(POTOHHOI  eMmicii
MIOBEPXOHb KPHCTaJliB NPOBEJAEHO B ONTHYHOMY iHTepBami Bix 2000 1o 8000 A Ha
HaJIBUCOKOBaKyyMHiN ycTtaHoBIl YCV-4 Merogom EDC. PobGoumii THCK 3alUIIKOBUX
rasiB y kamepi B3aemozii He nepesuntysas 10 Top. Enepris mydka eleKTpoHiB Ha BCixX
eranax JociijkeHb craHoBwia 600 eB. Jliamerp mnomepedyHoro mepepidy mydka
€JIEKTPOHIB CKJIaJaB S MM mOpu cTpymi OomOapayroumx enekTpoHiB 20 MA.
CrocTepexeHHsl 31MCHIOBAJIOCh B3J0BXK HOpMaii /0 ToBepxHi mimeHi (0=0°), a
O6omMOapayBaHHS MPOBOIMIIN ITiJT KyToM 15° Biji HOpMai 10 MOBEPXHi.

Ha (Puc.1—6) mnpexacraneni crnekTporpamu enekTpoH-potoHHoi emicii (EDE)
noBepxoHb K "yuctux" monokpucraniB NaCl, KCIl i KBr, noBepxoHb 1ux KpucCTaiiB,
moaudikoBanux riinepuHoM C3;Hs(OH)s 3 HaHOBKIIOYEHHSIMM MeETamiB Mial 1 cpibia
(Puc.2, Puc.4.), tak 1 cnekrporpamu E®E mnoBepXoHb KpuCTaliB, HAMWICHUX
HaHorutiBKamMu cpibna 1 mial (Puc.l, Puc.3, Puc.5, Puc.6). ExcnepumenrtansHo Oyiio
3a6e31eueHo PO3IiIbHY 31aTHICTh He Tipie 4 A.

[Tpupoaa BunpominioBadiB y criektpax EDE Bcix qocimikeHuX 3pa3kiB MOKe OyTH
HactynHa. HemepepBHe BuUnpomiHIOBaHHS 3 MakcUMyMoM Outst A; = 500 HM, Ha Hamry
TYMKY, € PeKOMOIHAIITHUM CBIYEHHSM, SIKE€ BUHHKA€E BHACTIIOK 30Y/KEHHS CICKTPOH -
TIPKOBUX Map 1 HAABHICTIO AeeKTiB TUIy F — HEeHTpiB pi3HOI KPaTHOCTI, IO 3yMOBJIEHI1
MOsIBOIO HOBUX MoaudikoBaHuX AedekTiB Ty Ha Ta Vi — ieHTpiB B 00’ eMi KpucTaia. Y
HAHOCTPYKTYPOBAHOTO CpiOJIOM XJIOPUCTOTO HATPil0 30UIbIIMIACS 1HTEHCHUBHICTH
HerepepBHOro BumnpoMiHioBanHa Ha 20-30%, a y HaHOCTPYKTYpOBAHOTO MIJIIO
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XJIOPUCTOTO HATPIK0 1HTEHCHBHICTh HEMEPEPBHOIO BHUIIPOMIHIOBAHHS 30UIbIIMJIACS Ha

10%. Mu nosicaroemo 1ie aedpexramu tumy Ha 1 H'a- HEHTPIB 1 MOXKIIMBO TIa3MOHHUM
BUIPOMIHIOBAaHHSM Cpi0J1a Ta MifIi —IJIs1 TOBEPXOHB, HAHOCTPYKTYPOBAHHUX CPiOIOM.
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BUIPOMIHIOBaHHS 3MIIlIeHU Ha ~50 HM B JOBrOXBHJILOBY 00JIacTh. TOMYy NpH aHami3i
pEe3ybTaTiB MU HE MOKEMO OOMEKUTHUCH JIUIIIE BIUTMBOM IJIA3MOHHOTO BUIIPOMIHIOBaHHS,
OCKIJIbKY B HETIEPEPBHOMY BUIIPOMIHIOBAaHH1 HAsIBHI i 1HIII CKJIaZ0B1. 30KpeMa, CBii BKJIa
BHOCHUTHh PEKOMOIHAIliiHE CBIYCHHS, SIKE BWHHKAE BHACTIIOK 30yIKEHHS EJICKTPOH-
aipkoBuXx map enekTponHoi migcucremu NaCl, GoHOHHE BUNIPOMIHIOBAHHS Ta yTBOPCHHS
HOBUX JIe(PeKTiB 3aMillieHHs. [ 0JIOBHOIO MPUYUHOIO BUHUKHEHHS JIe(EKTIB € HasIBHICTh Y
aToMIB MPUIIOBEPXHEBOTO IIapy YaCTUHU PO3IPBAHUX, & OTXKE, 1 HEHACUYCHHUX 3B’ SA3KIB.
Tomy eneKTpoHU MPUTIOBEPXHEBUX aTOMIB MalOTh TEHJICHIIIIO YTBOPIOBATH HOBI 3B’SI3KH.
XapakTepuCTUYHE BUIPOMIHIOBAHHS aTOMIB JIyTy — II€ CTUMYJIbOBaHA EJIEKTPOHAMHU
AecopO1ist 3 MOBEPXHI KpUCTala aTOMIB JIYTy y 30yI>KEHOMY CTaHi.

Pe3ynbpTatu mpoBeAeHHX MOCHIIKEHb BKa3yloTh, mo metoq EDC uymnoBo
peanizyeTbes sl TOCHIPKEHHS HAHOCTPYKTYpOBaHUX 00’ €KTIB Ta 0araTOKOMIIOHEHTHHUX
Marepiais.

[1] I.E€. Mutpononbscbkuii, B.B. Ky3ema, O.M. Konomisos, B.C. bykcap, HaykoBuii
BICHHUK Y>Kropojchkoro yHiBepcutety. Cepis ®izuka. Bunyck 40. — (2016).
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JIMCIHEPCIMHI CIIBBIJHOILIEHHS
TA EHEPITETUYHA 3AJIEXKHICTD I'NIOBAJIBHOI'O
SLi-IIOTEHLIIAJTY

LL Bepreren', K. Kemmnep?, H. Kini®, €.1. Komiii*, B.M. Kup’sauyx®, C.10. Mexesnu',
O.A. Ilorkparenko', A.A. Pymunk!, K. Pycex®, }O.0. llIupma', FO.M. Crenanenko',
B.B. Ynemenko',

Unemumym sioepnux docnioscens HAH Yipainu, Kuis
2Vuieepcumem wmamy Pnopuoa, Tannaxacci, CILIA
3 Hayionanvnuti yenmp soepnux oocnioscens, Lllvecpx, Iorvuya
*Huxnomponnuti incmumym Texacvko2o A&M-ynieepcumemy, CLIIA
SHAEK «Enepzoamomy, Kuis
SJlabopamopis sasxckux ionie Bapuascokozo ynieepcumemy, Bapwasa, ITonvwa
e-mail: ivan.vertehell@gmail.com

Hucnepciitai ciBigHomeHHs (JIC) Mix miiiCHOO 1 YSIBHOIO YaCTUHAMH ONITHUYHOTO
MOTEHITANy SIpO-epHOi B3aeMO/Il € aHamoroM criBBigHomeHb Kpamepca-Kponinra B
ONTHIN 1 TMOB’s3aHI 3 (QyHIAMEHTAIbHUM MNpUHIUIIOM npuyuHHOCTI [1]. Kpim ToroO,
JUCIIEPCITHUMU  CITIBBITHOIICHHSIMHU BJA€THCS TMOSICHUTU XapaKTepHI 0COOJMBOCTI
€HEePreTUYHUX 3aJIEKHOCTEN JIMCHOI 1 YSABHOI YaCTHH MOTEHIlaly Ol KyJIOHIBCHKOIO
0ap’epa — Tak 3BaHy «0ap’epHy aHoMautio» [2]. B 3B’43Ky 3 LIUM JOCUThH HATYPaJILHOIO €
BUMOTa BHKOHAHHS TaKHX CITIBBIIHOIICHb JJII KOPEKTHOTO CHEPTETHUYHO 3aJICKHOTO
MOTEHIIIAITY.

[lepcnextuBHU 1UISIX TOOYAOBH  TJIOOQJIBHOTO  EHEPreTUYHO  3aJIEKHOTO
MOTEHITIaTy, SKUI MOXKe OyTH BUKOPUCTAHUM JIJIsl ONTUCY B3a€MO/I1i 0araThoX, B TOMY YHCII
HECTaOUTbHUX, SIep y HIMPOKOMY Jlama3oHl €HEprid, CIUpaeThCcsl HA BUKOPUCTAHHS
MoJiedl MOABIMHOTO (HOJIAIHTY 3 MOJEILHUMHU HYKJIIOHHUMH TYCTHHAMU SIK JIJIsL IIMCHOT,
TaK 1 JJ1s1 YSIBHOT YaCTUH MOTeHIiany [3]:

U(T) - V(T') + lW(T) == NRt}%VDF(th) + iNItIBVDF(tIT') . (1)

Tyt Ng, tg Ta N;, t; — HOpMYBaJIBHUH 1 palialIbHUNA MACIITAOHUN MHOXHHUKH JUTsI TIMCHOT
Ta ySIBHOI YaCTUH MOTEHIlaly BIiAMOBIIHO. 3aCTOCYBAaHHS TaKOro MIJAXOAY IO OIHCY
IPY’KHOTO po3cisuus saep °Li Ha mapHO-TIapHUX Aapax y miama3oni enepriii 1—-100 MeB
Ha HYKJIOH JIa€ IUIKOM 3aJI0BUThHI pe3yibTaTu [4].

Jlana poOoTa mTpHCBAYEHA JCTAIHPHOMY BHBYCHHIO BIUIMBY BpaxyBaHHS
JTUCTIEPCIMHUX CHIBBIAHOIIEHh HAa MPHUKIAAI MOOYIOBU TJIOOAIBHOTO EHEPreTUIHO
3aIeXKHOro onTuuHoro °Li-nmorenmiany. 3aranom, Haibinem kopektHo, JIC MOXKyTh OyTH
chopMyIbOBaH1 11 HeloKaasHOro norexiiany [1]. Iicias nepexomy ao iokanbHOT hopMu
MOTEHIITy EHEPreTUYHO 3aICKHUN MOTEHIIIA)I B3a€MO/I1i MOXHA MTPEJACTABUTH Y BUTJISA I
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JIBOX JIOJAHKIB, OJWH 3 SAKUX 3aJICKHUTh BiJl eHeprii ciabo, a 1HIIUMH, 3 OUIbII rocTporo E-
3aJIeKHICTIO — TaK 3BaHUM MOTEHINA TWHAMIYHOI MOJsSpH3allii — BIAaCHE 1 BBAXKAETHCA
1HTErpaJioM MO €Heprii Bii KOMIUIEKCHOTO ONTHYHOTO MOTeHuiaty, BiamosigHo no JC.
Oxpemo i AiCHOT Ta YSABHOI YaCTHH MOTEHIIIATy MA€EMO:

V(r,E)=V°(r,E)+ AV (r,E) (2)
W(r,E)=W°(r,E)+ AW (r,E), (3)
e :
AV(r, By =—p [AL) 4
T ! 5 4)
E) (5)

AW (r, E)———PJ‘AV(;E

3a3Buuaii npuiiMarots WO(r,E) = 0, ane B naniii po60Ti TAKOro 0OMEKEHHS HEMA.

Haiinepmmii eran no0y10BY noTeHIiany [4] moyisiraB y nouryky napameTpiB Ny , fr
Ta Ny , t; AA KOXXHOTO OKPEMOTO EKCIEPUMEHTAIbHOTO KYyTOBOTO PpO3MOALTY, 3
MOJAIBIINM aHAJII30M 1 MOACTIOBAHHSIM TEHICHI[IN 3MIHA OTPUMAHUX 3HAYEHB 31 3MIHOIO
eHeprii 3iTKHeHHA. BusBuioch, mo Np Ta N; NPOSBISIOTH MOMITHY €HEPIeTUYHY
3aJIeKHICTh, B TOM Yac 5K fz Ta {; MOXKHA B MEPIIOMY HAOJIMKEHH1 BBAXKATH €HEPTETUYHO
He3alekHuMu. [lpu 1bOMYy € JABl TpynM 3HAaY€Hb MACIITA0HUX MHOXHUKIB, IO
3a0€e31euy0Th OPIBHSHHUM OIKC TaHuX, a came: i = 1.0, ;= 0.8 Tatx = 0.8, ¢, = 1.0.

BpaxyBanns JIC (2—5) mae ouH iCTOTHUN HAcHiIOK AJis moteHuianiB taumy (1).
OckUTbKH pamiasibHa 3aJeKHICTh (Gonmiar-noteHmiany Vpgp(r) cmabo 3MIHIOETBCS 3
€Hepriero, MmoTeHIia, mo 3aaoBoibHsie J1C (2—5) He Moke MaTu JBa Pi3HUX MACIITAOHUX
MHOKHHUKH JUIS JIACHOI 1 ySBHOI 4acTuH. JlucriepciifHi CITIBBIJHOIIEHHS BHMAararoTh
MOAIOHOCTI pajiaJbHUX 3aJIEKHOCTEH 000X YacTUH KOMILJIEKCHOTO MOTEHIaly 1 B
HaTypaJIbHUM CIOCIO 3MIIIYIOTh OOMIBI KOMIIOHEHTH, 1110 BIMOBIIA0Th HAOOpaM (tz , t7):
B okoJii To4ok (1.0, 0.8) Ta (0.8, 1.0).

BaxnmBoro  ocoOnmBICTIO  gaHOT POOOTH €  BKJIIOUCHHS  JAUCHEPCIHHHMX
CHIBBIJIHOILIEHb B)KE€ Ha €Talll MOUIyKY [apaMeTpiB €eHEpreTUYHO 3aJIeKHOTO MOTEHLIaNy,
TOOTO TpHU MIATOHIN /10 €KCIIEPUMEHTAIbHUX JaHUX, YOTO paHilie He poowtocs. s
KopekTHoro BpaxyBaHHs J|C y mpoiieci maroHku HeoO0X1JHO KOPEKTHO BpaxyBaTH BIUIUB
JaHUX CHIBBiJHOIIEHh Ha MapaMerp y’, MiHiMi3alis AKOro i BUKOPHCTOBYETHCS IS
MOITYKYy mMapaMeTpiB moTeHuiany. JlaHa mpouexypa HE € OYEBHJIHOK 1 B poOOTI

3aCTOCOBAHO TPU PI3HUX MIIXOIH.
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B pesynbTaTi aHami3y noka3aHo, 110 BKIOUCHHS TUCIIEPCIMHUX CITIBBITHOIIEHD, SIKE
B migxoxi (1) BuMMarae JIBOKOMIIOHEHTHOI pamiaJibHOI 3aJ€XHOCTI TOTCHIATy, €
MO>KJIMBUM B)K€ Ha €Tarll MiATOHKW MapaMeTpiB 1 IpH bOMY 3a0e3Medye CHCTEMAaTUYHO
KpaIIHii OMHC eKCTIEPUMEHTAIBHUX JaHUX.

[1] G.R. Satchler. Phys. Rep. 199, No 3, 147 (1991).

[2] C. Mahaux, H. Ngo, G. Satchler. Nucl. Phys. A449, 354 (1986).

[3] T. Al-Abdullah, et al. Phys. Rev. C 89, 064602 (2014).

[4] O. Ponkratenko et al. Proceedings of the conference «Nuclear Physics in
Transcarpathia». May 21-23 2024. Uzhgorod. p. 147.
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B3AEMOJISI ®PEHIVIAJIAHIHY 3 EJJEKTPOHAMHU
HU3bKUX EHEPTIU

B.I1. banenko, O.B. ITanm, B.C. Bykctuy, JI.I'. PomanoBa

Inemumym enekmponnoi @isuxu HAH Ykpainu, Yorczopoo
e-mail: romanova.iep(@gmail.com

EnemenTtapni mporecu B3aeMOJli €IEKTPOHIB PI3HOTO Jlalla30oHy EHeprii 3
010JIOTIYHUMH MOJIEKYJIaMH, K1 BXOJATh 10 CKJIAAy >KMBUX OPraHi3MiB, 1al0Th BaXIJIUBY
iHdopMariito mpo mepedir mporeciB OIOXIMIYHOTO XapakTepy B KIITHHI i €0
10HI3YIOYOTO BHUIIPOMIHIOBaHHSA. HU3bKOGHEpPreTHyHI eJIEKTPOHW 3JIaTHI BUKIHUKATH
pyiiHyBaHHs a00 3MIHU KOH(DIrypailii aMiHOKHUCIIOT, sIKi € €IEeMEHTapHUMU CTPYKTYPHUMU
OJIMHUIIMU OLIIKOBUX MOJIEKYJI, 1110 MPU3BOJUTH JO PO3PUBIB MOJIEKYJISIPHUX 3B’SI3KIB Y
MOJINENTUIHUX JaHIorax OunkiB [1]. BusHadueHHst eHeprii  MOSBU 10HI30BaHUX
(bparMeHTIB MOJIEKYJ BHACIIJOK JUCOI1aLii IPH Mac-CIEKTPOMETPHUYHUX JTOCIIIKEHHIX
7A€  MOJKJIMBICTb OTPUMAaTH TMOPOTOBI BEJIMYMHU EHEPrid EJNEeKTPOHIB, MpPH SKUX
BIIOYyBalOTbCSI ~ PO3PUBM  BHYTPIIIHBOMOJIEKYJIIDHUX ~ 3B’SI3KIB, 1  MOXYTb
BUKOPUCTOBYBATUCA JIJIi MOJICJIIOBAHHS peakiiiii po3nagay O0i0mosiMepiB Ha KIITUHHOMY
PiBHI.

JlocmikeHHsT B3a€MOJIli TOBUIBHUX €JEKTPOHIB 3 MOJICKYJIaMH aMIHOKHCIIOTH
deHIanaHiHy NTPOBOAWIOCA Ha MOJEPHI30BAHOMY MArHITHOMY MAac-CIIEKTPOMETP1
MI1201 Bigaily e1eKTpOHHHX MpolieciB 1 eneMenTapHux B3aemofin IE® HAH Vkpainu.
ExcnepuMeHTanpHa yCTaHOBKA Jla€ MOXJIMBICTH BHBYATH OUIAIIOPOrOBI €HEPreTHYH1
3aJIe’KHOCTI €(DEKTUBHOCTI 10H13aLli 1 (hparMeHTalli CKJIaAHUX OPraHiYHUX CIONYK (Y TOMY
gucai 1 6iomosnekyn) [2] . Mac-criekTpu 103BOJISIOTH 1ICHTU(IKYBATH YTBOPEHI BHACIIIOK
JUCOIIATUBHOI 10HI3aIil (parMeHTH, IO BIANOBIAIOTH CIOCTEPEKYBAHUM IIiKaM,
BU3HAUNUTH 1X EJEMEHTHHH CKJIaJ, a TAaKOXX 3alpOINOHYBAaTH KaHAJIM JIUCOIlIAIi, sKi
MIPU3BOAATH J0 MOSBH 1TUX 10HIB [3] .

Puc.1. O6’eMmHa Moie1b MOJIEKYIU (heHUTATIaHIHY.
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Hamu Oynm oTpumaHi Mac-CIIEKTPH MOJEKYJIHW aMiHOKHCIOTH (EeHUTAIaHIHY
(puc.1), imeHTH(IKOBaHO OCHOBHI MPOIYKTH 11 po3mary Mij Ai€l0 eIeKTPOHIB MaluX (110
100 eB) enepriii Ta BCTAHOBJICHO iX €IEMEHTHUN CKIIaJ.

Ha puc.2 HaBeneHO Mac-CcrieKTp MoJieKyJH ¢eHinananiny. OCKIIbKU MOJEKYIIIPHAN
10H € BIJHOCHO CTAOUILHHM, IO IOSCHIOETHCS HASBHICTIO OCH30JBLHOIO KIJBIS, HOro
BJAJOCh 3apeecTpyBaT. [[is 3py4yHOCTI 00JacTh MOJIEKYJISIPHOTO 10HA TOKAa3aHO Y
301JIBIIICHOMY MacITaoi.

3a nonomoroto nporpamuoro nakery ORCA Oyiio npoBeieHO KBaHTOBO-XIMIYHI
PO3paxyHKH, SKi JOMOMOIJIM BU3HAYUTH €HEPril0 10HI3allii MaTepUHCHKOI MOJIEKYJH, a
TaKO0X pO3paxyBaTH €HEprii MOsIBU OCHOBHUX 10HHUX ()parMeHTIB.
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Puc. 2. Mac-cniextp ¢deninananiny npu T=423 K.

Y Mac-cniekTpi (peHinanaHiHy CHOCTEpIra€ThCs HAWIHTEHCHUBHIIIMM MK, IO
BianoBigae iony C,H4sNO,'(m/z = 74), skuil yTBOPIOETbCS BHACTIIOK BiIIICTIJICHHS
HeltpanbHoro ¢parmenta C;H;. Po3puB ckelneTHOTO BYTJIEHEBOTO 3B’SI3KY Y LIBOMY
BUIAJKY BIOYBa€ThCS y pe3ysbTaTi eliMiHAIll]l eJIEKTPOHA aMIHOTPYNH 3 JIOKaJi3alli€lo
MO3UTHUBHOTO 3apsily Ha TMOJSIPHIM YaCTHHI MOJICKYJIM (aMiHOKHCJIOTHA TPyIa), TOAl K
OCH3WIBPHUMN paJIMKaN 3aJMINAETHCS HEUTpabHUM. BogHOYaC y cIeKTpl HAsBHUN TaKOXK
giTkuid ik 3 m/z = 91, mo BignmoBigae OeHzwibHOMY ioHy C;H;'— crabinpHOMY
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apoMaTUYHOMY KapOOKaTiOHY. Y 1IbOMY BUINAJKy HEUTpasibHUM pparmMeHToM € CoH4NO,,
0 MICTUTh AaMIHOKHCIOTHY YacTWHy. Takuii KaHan ¢parMeHTamii CBIIYUTH MPO
aIbTepHATUBHUM MEXaHI3M MEepepo3nOaLTy 3apsay yTBOPIOBAaHUX (PparMEeHTIB, 3a SIKOTO
MO3UTUBHUI 3aps]] yTPUMY€ETbCS HAa apOMaTUYHOMY (hparMeHTi BHACIIOK HOTO BHCOKOT

CcTa01IbHOCTI.

[1]. Sanche L. // Eur. Phys. J. D. —2005. - Vol. 35 — P. 367.
[2]. V.S. Vukstich, A.l. Imre, A.V. Snegursky // Instrum. Exper. Tech.—2011. - V.

54.—-P.207-213.
[3]. C.G. Herbert, R.A.W. Johnstone. Mass Spectrometry Basics. CRC Press. 2002.
P. 474.

117



IED-2025 IEP-2025
Yxropon, 20-23 tpasast 2025 Uzhhorod, May 20-23, 2025

LIGHT COLLECTION INTO FIBERS VIA NANOPRINTED
STRUCTURES

O. Yermakov'?, M. Zeisberger?, H. Schneidewind?, M. A. Schmidt?

'v. N. Karazin Kharkiv National University, 4 Svobody Square, Kharkiv, Ukraine
?Leibniz Institute of Photonic Technology, Jena, Germany
e-mail: oe.yermakov@gmail.com

Remote collection and analysis of light is highly important for a plethora of
applications including spectroscopy, endoscopy, biosensing, quantum communications,
etc. Commercial optical fibers are the best platform for this purpose due to their ability to
operate in strongly limited and closed spaces (particularly, in-vivo). The payback of this
advantage is the low coupling of the incident light into the fiber under oblique incidence.
Practically, the efficient light coupling into fiber modes is only possible for the incident
angles less than 15 degrees owing to the low numerical aperture of the standard step-index
single-mode fibers.

Here, we propose to overcome this fundamental limitation by enhancing the fiber tips
with axially symmetric all-dielectric nanostructures. Indeed, we demonstrate the
improvement of the light coupling efficiency by several orders of magnitude for the single-
mode [1], multimode [2] and multicore [3] fibers reinforced with polymer concentric rings
nanoprinted by direct laser writing approach. We have demonstrated light collection
improvement at multiple selected angles and over large angular intervals. Besides, we
consider the aperiodic [1] and axially-asymmetric [4] nanostructures for further
improvement of light collection. The proposed multicore fiber-based device also acts as
the angular demultiplexer allowing to define remotely the angular position of the unknown
source or, vice versa, to illuminate light from fiber into the specified angular ranges [3].

The applications can be found in a variety of cutting-edge fields that require highly
efficient remote light collection.

[1] O. Yermakov et al., Appl. Phys. Rev. 10(1), 011401 (2023).
[2] M. Zeisberger et al., Opt. Lett. 49(8), 1872 (2024).

[3] O. Yermakov et al., Nat. Commun. 16(1), 2294 (2025).

[4] J. Wang et al., Las. Photonics Rev. 19(5), 2400688 (2025).
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SHIELDING PROPERTIES AND RADIATION MODIFICATION
OF MAGNETIC NANOPARTICLE-FUNCTIONALIZED TEXTILES

K. Zolochevska, P. Kop¢ansky

Department of Magnetism, Institute of Experimental Physics, Slovak Academy
of Sciences, Watsonova 47, 040 01 KoSice
e-mail: zolochevska.kl@gmail.com

Electromagnetic and nuclear radiation pollution pose significant risks to both human
health and technological systems. Traditional shielding methods, including lead-based
materials and metal coatings, provide effective radiation protection; however, they present
several drawbacks, such as high density, toxicity, and limited flexibility. As a result,
alternative materials, particularly textiles embedded with functional nanomaterials, have
gained attention due to their lightweight nature, adaptability, and improved protective
capabilities [1]. Among various nanomaterials, magnetic nanoparticles, particularly iron
oxides (magnetite (Fe,O3) and maghemite (gama-Fe,Os3)), have demonstrated significant
potential in radiation shielding applications. These nanoparticles exhibit unique magnetic
properties, such as high saturation magnetization and frequency-dependent absorption of
electromagnetic waves [2], which make them suitable for mitigating electromagnetic
interference (EMI). Experimental analyses indicate that magnetic susceptibility decreases
due to structural modifications induced by ionizing radiation, which can compromise the
long-term effectiveness of these materials [3]. This study explores the comparative
shielding effectiveness of magnetic textile composites embedded with Fe,O; nanoparticles.
The focus is on evaluating their protective capabilities against charged radiation (alpha and
beta particles) and EMI by analyzing frequency-dependent absorption and reflection
properties. The findings of this research contribute to the advancement of radiation-
resistant textiles, offering a flexible and adaptive solution for protection against multiple
types of radiation. The integration of such innovative materials into everyday protective
equipment could revolutionize the field of radiation shielding, making protection more
accessible and practical across diverse industries.

Felt was magnetically modified using modified direct microwave assisted procedure
[4]. Irradiation was carried out on an electron accelerator M-30 microtron of the Institute
of Electron Physics, certified for radiation research, figure 2. The M-30 parameters allow
one to smoothly regulate accelerated nuclear particles’ energy in the range of 1-25 MeV

with mono energy of 0.02% and a beam current value of up to 50 pA. Irradiated procedure
was carried three times with doses of 53 kGy, 100 kGy and 163 kGy.
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Table 1. The amount of magnetic iron oxide bound to textile

Textile Mass before Mass after Difference
number treatment [g] treatment [g] [g]

0 4,030 4,030 0

1 4,095 4,291 0,105

2 3,897 4,062 0,196

The magnetic susceptibility () of the samples was measured by a commercial
susceptometer (IMEGO, DynoMag, SE), working at laboratory temperature and
frequencies from from 1 Hz to 250 kHz, with a volume susceptibility resolution of
4 x 107, The amplitude of the excitation field was 0.5 mT. A wide frequency range was
covered to understand how magnetic susceptibility depends on frequency.
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Figure 1. Magnetic susceptibility of the magnetic iron oxide particles (Technical felt
+FeS04+Na,COs) (1) textile number 2, 0,196g magnetic nanoparticles per 1 textile
square), (2) textile number 1, 0,105g magnetic nanoparticles per 1 textile square),

a: before radiation; b: after irradiation with dose of 53 kGy; ¢: after irradiation with dose
of 100 kGy; d: after irradiation with dose of 163 kGy.

Magnetic textiles demonstrated effective attenuation of EMI, with a notable
reduction in susceptibility following radiation exposure. This degradation was attributed
to defect formation and the disruption of magnetic domains within the textile matrix. In
some cases, after radiation exposure, an increase in magnetic susceptibility is observed,
suggesting possible structural changes in the nanoparticles that may enhance their magnetic
properties. Radiation may influence the structure of the nanoparticles, altering their
magnetic behavior and increasing their ability to become magnetically polarized. These
changes could be beneficial in the development of more effective radiation-shielding
materials, as improved magnetic susceptibility allows for better absorption or reflection of
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certain types of radiation. Such a response opens new possibilities for the development of
advanced shielding materials. Instead of simply degrading under radiation, these magnetic
textiles may improve their performance, making them ideal candidates for next-generation
protective fabrics, especially in environments where exposure to ionizing radiation is
expected. However, the current results require further validation, especially for systems
with a significantly higher content of magnetic nanoparticles. Future studies should focus
on such structures to better understand their performance and optimize their shielding
efficiency.

[1] Shahidi S., Magnetic nanoparticles application in the textile industry—
A review, Journal of Industrial Textiles, 50(7) 970-989. (2021).
[2] Sparavigna A. C., Iron Oxide Fe,Os Nanoparticles for Electromagnetic Shielding,
ChemRxiv. (2023).
[3] El-Bediwi A.A., et al.: Effect of gamma irradiation on the magnetic properties
of ferrite nanoparticles. Applied Radiation and Isotopes, 105, 1-5. (2015).
[4] Safarik 1., et al.: Microwave Assisted Synthesis of Magnetically Responsive
Composite Materials. IEEE Transactions on Magnetics, 49(1): 213-218. (2013).
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STUDY OF MOLECULE TOPOLOGIES FORMED UNDER
THE INFLUENCE OF RADIATION BY CONSTRUCTING
MOLECULAR GRAPHS

V. Hanulych, N. Svatyuk

Institute of Electronic Physics of the National Academy of Sciences of Ukraine,
Uzhhorod

e-mail: hanulychvitalij@gmail.com

Radiation destroys living matter. Biomolecules break down into individual fragments,
changing the chemical and physical properties of the substance. But after radiation
destruction, the reverse process of ordering the formed fragments begins, resulting in new
forms of life. Our physical research involves finding all topologies of a particular molecule
that can theoretically occur when irradiated with radiation.

Scientists usually use molecular graphs to give an idea of the topology of a molecule.
These graphs provide an idea of the relationships between atoms and the types of such
relationships. However, molecular graphs cannot reflect the geometry of a molecule, which
is a significant drawback since the mutual spatial arrangement of atoms in a molecule plays
a role in characterizing the physical and chemical properties of this molecule and
understanding its structure. Lewis structures (electronic point formulas) are very similar to
molecular graphs, but they also lack information about how atoms take place in the local
space of the molecule. Structural-spatial molecules (Newman, Fisher, Haworth
projections) partially go beyond the two-dimensional plane since we can schematically
show on which side of the plain a particular atom takes place while using them. However,
in this case, we also do not find complete information about the topology of a molecule. A
three-dimensional model is more accurate than a two-dimensional one in reflecting a three-
dimensional molecule. With the development of computer technology, this has become
possible. Currently, there are many programs for general molecular visualization
(Avogadro, Jmol), quantum chemical modeling (Gaussian + GaussView, ORCA),
biomolecular modeling and docking (VMD, AutoDock), as well as interactive online
services (MolView, PubChem 3D Viewer).

However, the great possibilities of modeling and visualization of molecules are not
enough to determine why atoms combine into specific organic molecules and not others.
In other words, why forms of life are such and not others? Under the influence of radiation,
mutations of living matter can form, that is, alternative life variants, which do not form
naturally. There is a question: why does nature build organic compounds only in a certain
way and avoid other combinations? To study this question, it is not enough only to obtain
the topologies of molecules (their molecular graphs) but also to analyze them. Chemical
graph theory made a significant contribution to this question: it attempts to reduce the
designation of the topology of molecules to a single number that would characterize a
particular molecule's physical and chemical properties [1]. Thus, there is a potential
possibility of constructing a table similar to Mendeleev's table, only with organic
molecules. However, to study life forms, it is not enough only to label each topology with
a number. We should also take into account the configurational entropy of this topology.
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After all, the configurational entropy is responsible for the information capacity that a
particular molecule can carry. Therefore, we can assume that nature followed a balancing
path between maximizing the information capacity of molecules and minimizing the
binding energy necessary to hold the atoms of this molecule together.

To analyze the dependence of configurational entropy on the topology of a molecule,
we need to investigate all possible topologies of a particular molecule (even those that do
not exist in nature), building the corresponding molecular graph models. We will no longer
work with the molecule itself but with the set of atoms that form it since the atoms will act
as building blocks for us, from which we can hypothetically assemble any molecule
available for such a set of atoms. Medical chemistry, materials science, and others already
use this building principle (the LEGO principle). In nature, such a phenomenon (the
breakdown of a molecule into parts and their rearrangement) occurs precisely when an
organic molecule is under radiation influence. In our case, we use the LEGO principle to
implement all possible options for the interconnection of atoms.

Since the configurational entropy depends on the number and type of bonds between
atoms, it makes sense to introduce the concept of color sets [2]. Not all combinations of
atomic connections can exist, even theoretically, since we should consider the valences of
atoms and their number. In addition, for example, an atom cannot be connected to itself.
Given all this, some combinations are eliminated at the very beginning, thanks to the
systems of equations.

After we have eliminated the incorrect options and obtained theoretically possible
combinations of color sets, it becomes necessary to provide a way to get all possible
topologies (i.e., construction of molecular graphs) for each combination of color sets while
avoiding duplicates which will significantly increase the duration of such an enumeration
without providing any helpful information. Currently, the developed matrix method is the
most effective in this regard.

This method consists of constructing a matrix from color sets. The rows and columns
will correspond to the molecule's color sets, and the matrix's values will show the number
of bonds between the corresponding atoms. Since the atomic connectivity ratio is
symmetric, we only need the part of the matrix above the main diagonal. Since the ratio of
atom connectivity cannot be reflexive, the main diagonal itself is also meaningless. The
sum of all the table values will equal the number of bonds between the atoms in the
molecule. Based on this data, the software has already created a visualization of the formed
molecular graph.

Thus, we can obtain 3D molecules of all theoretically possible topologies of a given
molecule (app. 1) and analyze the configurational entropy and color sets of these topologies
to investigate the principles of organic matter formation by nature.

[1] Estrada E., Bonchev D. Section 13.1. Chemical Graph Theory. In Handbook of Graph
Theory, 2nd ed.; Gross, J.L., Yellen, J., Zhang, P., Eds.; CRC Press: Boca Raton, FL, USA,
2013; pp. 1538-1558.

[2] Maslyuk V., Zavilopulo A., Hanulych V., Svatyuk N., Pop O., Simkanich O. Computer 3D
modeling bioorganic compounds: How the amino acids can be created? AIP Conf. Proc. 2872,
090004 (2023).
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APPENDIX 1. TOPOLOGIES OF GLUCOSE WITH THEIR CONFIGURATIONAL ENTROPY
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ENHANCEMENT OF CHIRAL SENSING WITH META-GRATINGS

O. Demianyk!, S. Polevoy?, V. Tuz!, O. Yermakov'?

'v. N. Karazin Kharkiv National University, 4 Svobody Square, Kharkiv, Ukraine
0. Ya. Usikov Institute for Radiophysics and Electronics of the NAS of Ukraine,
Kharkiv, Ukraine
3Leibniz Institute of Photonic Technology, Jena, Germany
e-mail: o.demianyk(@gmail.com

Chirality is used to describe the asymmetry of objects that cannot be superimposed
on their mirror images. Despite having the same chemical structure, most chiral molecules,
often referred to as enantiomers, show significant differences in biological activity, being
the safe and therapeutic or can be ineffective or even toxic depending on the handedness
[1]. Optical plasmonic sensors, based on an angle-resolved surface plasmon resonance,
allow for the accurate identification of extremely low concentration of specified
enantiomer in a test substance forming a novel platform for chiroptical sensing in real-time
regime [2]. It 1s crucial for the safety and efficiency of the pharmaceutical industry, drug
testing, and medical applications.

In this work, we study the plasmonic sensing based on the thin gold film of 50-nm
thickness at the quartz substrate covered by chiral substance. We consider the surface
plasmon-polariton excitation via the prism coupling in the attenuated total internal
reflection regime (Kretschmann configuration [3]) with a plane wave of linear transverse-
magnetic polarization. Chiral substance leads to the emergence of non-zero mutually
orthogonal (transverse-electric) polarization components as the consequence of the mixing
between electric and magnetic fields. As a result, it manifests as the angular shift between
the spectral resonances in right- and left-handed elliptical polarizations. Then, we replace
a gold thin film by a gold meta-grating (diffractive grating with a period less than a
wavelength) to increase the sensitivity of the chiroptical detector.

To analyze the improvement of chiral detection we introduce the differential
reflection defined via the reflectance of right- (R,) and left-handed (R_) elliptically
polarized waves:

R, —R_

R, +R_ 1

We compare the differential reflection for a thin film and a meta-grating at their optimum
values to analyze the functionality of the designed chiral sensor. One can notice that the

p:

optimized meta-grating leads to significant enhancement of the related chiral sensitivity by
nearly two orders of magnitude.

Another important feature of the grating-based chiral detectors is the dependence of
the maxima of the differential reflection on the degree of chirality. The maximal values of
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the differential reflection are linearly proportional to small chiral parameters for both
structured and unstructured thin film cases. However, for larger values of chiral
parameters, the dependence of the differential reflection for a meta-grating becomes non-
linear and reaches the saturation level.

The witnessed enhancement is explained by the appearance of Rayleigh’s anomaly
[4] which arises due to the thin film structuring. This phenomenon occurs under specific
conditions where a diffracted wave originates and propagates tangentially along the grating
surface becoming an evanescent wave. As a result, the coupling between the evanescent
wave strongly localized at the edges of grating and the chiral substance leads to enhanced
light-matter interactions and significant amplification of the chiroptical response.

Thus, we demonstrate that the structuring of a thin plasmonic film leads to the dozen-
times enhancement of the chiral sensing. The results obtained open new opportunities for
the optical sensing of the polarization-sensitive molecules in the real-time regime.

[1] L. Warning et al., ACS Nano 10(15), 15538 (2021).

[2] S. Droulias, L. Bougas, ACS Photonics 6(6), 1485 (2019).

[3] E. Kretschmann, L. Raether, Z. Naturforsch. A 12(23), 2135 (1968).
[4] A. A. Maradudin et al., J. Opt. 18(2), 024004 (2016).
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SAIIJIYTAHI CTAHU I TEOPEMA BEJUJIA
A. AnTan

Incmumym enexmponnoi gizuku HAH Ykpainu, Yorceopoo, Yrpaina
e-mail: anandriy87@gmail.com

B 1935 p. Einmreitn, Ilomonscekuit 1 Po3en copoOyBanu 3amnepeudTu
HEBH3HAYCHICTh MPUPOAU KBAHTOBHX CHUCTEM, MPOJEMOHCTPYBABIIHN YSIBHHU IMapajokc,
AKUW TIOBMHEH OyB TMOKa3aTH, II0 KBAaHTOBA CHCTeMa BHU3HAY€HA — 3HAXOIUTHCS B
JIOKaJIbHOMY CTaH1 0 BUMIPIOBaHHS, sIKe B1IOyBaeThCcsl 0€3 mporiecy il Ha el 00'€KT.
MeTor0 TaKoro HEeMpsMOro JOCIKEHHS € Crpoda oTpuMaTH Olibliie 1H(pOopMaIlii Mpo CTaH
MIKPOO00'€KTa, HI)K J1a€ KBAHTOBOMEXaHIYHUM onuc Horo crany [1]. A. EitHieiin pinryde
BUCTYIIMB TMPOTH ‘‘KOINMEHrareHchbkoi iHTepnperamii” M. bopa. Tak 3apoaunach BijoMa
cynepeuka bopa-EifHmreitna npo ¢i3uynuii 3MicT XBUIL0BO1 (PyHKIii. Ili3Hime Oyio
JIOBEJICHO, IO KBAaHTOBI CHCTEMH HE MAlOTh >KOJHUX JOKATHHUX CTaHIB JO MOMEHTY
BUMIiproBaHHA. [IpomeMoHCcTpoBanmiA e(hEeKT Mae BETWKE 3HAYCHHS: BUSABICHE BUCHUMHU
SIBUIIIEC OyJIO HA3BaHO 3aILTYTyBaHHSIM.

JI. bom B 1952 p. po3riisiHyB MOKJIMBICTh IPOBECTH ONTHYHUN BapiaHT ysIBHOTO
nocaiay [2]. xepeno S BuUnpomiHiOe nmapy (OTOHIB 3 PI3HUMHU YAaCTOTaMH Vi 1 Vi, SIKi
MOIIMPIOIOTECS B MPOTWICKHUX HampsimMkax B3foxk oci Oz. Ilpunmyctumo, o
noJisipy3alliiiia 4aCTUHA BEKTOPY CTaHy MapH €:

[P (v1,v2)) = Z[1xx) + [yy)] (1)
ne |x> 1 [y> — ni"iiiHO Toyisipu30BaHi cTaHu. el cTaH He MepeTBOPIOETHCS HA JOOYTOK
IBOX (YHKIIM CTaHIB, acOLIMOBAaHMX 31 CTAaHOM KOXHOro 3 (oroHiB. HemoxnuBo
MPUITUCATH KOKHOMY 3 HUX (DIKCOBAHUMW MEBHUN CTaH, HAMPUKIIAJ TIEBHY MOJSPHU3AIIIO.
Takuii craH OMHMCy€ CHUCTEMY KUIBKOX OO0'€KTIB, MUCIUMY JIMIIE TJIOOAIBHO, 1 €
3amryTaHuM crtaHoMm (entangled state). Ha Puc. 1 mpencraBieHO ONTHYHMI BapiaHT
exciepumenTy Eiamreitna — [Togonbckoro — Pozena — boma. JliHiiHy monspu3aiiito JBOX
(G oTOHIB BUMIPIOIOTH 3a AonomMororo anamizaropis I 1 11. 3a anamizaropom I 3 opienTariero
"a" po3TalmroBaHi JaBa JCTECKTOPH, 1110 BUAAIOTH pe3ynbTaT "+" abo "-" BiAMOBIIHO 0 TOTO,
sKa JHIHA TOJIApU3aIlis BUSBJICHA: TapajienbHa abo neprneHaukyisipaa. Anamzatop Il 3

nojspu3aiiero "b" mie Tak camo.
! Puc. 1. Ontuunuii BapianT ekcepuMeHTy /IBa

i v
% g ~ V2 + I doToHHM Vi 1 V2, BHUIPOMIHEHI B CTaHi
A ) x |W(vq,Vv,)) pisnsuus (1).

KBaHTOBO-MEXaHIYHI PO3paXyHKH JIEMOHCTPYIOTh, IO XO4Ya KOXXHHUM OKpPEMUU
BUMIp Jla€ BUIAQJIKOBHA peE3yJbTaT, ajie IlI Pe3yjbTaTH € KOpPEThOBAaHUMHU. ABTOPH
Mapaj0KCy BUXOIWIIN 3 TPUITYIIEHHS MPO JOKATBHICTh: MOJis, 0 BiIOYBAETHCS B TOUIII
A, He MOXX€ MHUTTEBO 3MIHHTH CTaH CHUCTEMH, IO 3HAXOOUTHCSA B 1HINM Toumi B. Lle
BUIUIMBAE 3 TBEPHKCHHS MPO HEMOXKJIMBICTH MOIIMPEHHS B3a€MOJIIi 3 HECKIHYCHHOIO
IIBUJIKICTIO.
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B 1964 p. . bean Bupa3uB B MaTeMaTU4HIA (HOpMI HACIIIKH, K1 BUIUIUBAIOTH 13
TomepeIHiX MipKyBaHb, 1 SBHO BBiB JIOJIaTKOBI MapaMeTpH, MO3HAYMBIIN iX uepe3 A. Ix
PO3MO/IiT aHcaMOJieM eMITOBAaHMX Tap BiH BU3HAUMB (QDYHKIIIEO p(A), TaK 110

p(1) 20 2)

s gaHoi mapu, sika XapakTEepU3yeEThCS JOJATKOBUM MapaMeTpOM A, pPe3yJibTaTu
BHUMIPIOBaHb 3374a10ThCs QYHKIISIMU, IO MPUUMAIOTh TUTBKH JBa MOXKJIMBUX 3HaUeHHS (+1
1-1):

A(A,a) = +1  anamizatop I (3 opieHTariero a), 3
B(4,b) = +1 amanizarop II (3 opienTartiero b) 3)

KonkpeTHa Mojenb 3 1OAATKOBUM IMapaMETpPOM TIOBHICTIO BHU3HAYAETHCS SBHUM
BunoMm ¢yakmid p(A), A(A, a) i B(A, b). PesynpTaT BuMipioBaHHs A HE 3aJCKHUTh Bij
BHUMipIOBaHHA B.

Teopema bemnna BHpiIadbHUM YMHOM BIUIMHYJA Ha AMCKYCIi PO HEOOXIJHICTH
MMOBHOTU KBAHTOBOI MeXaHiku. MoBa Ouibliie He Hiuia npo dinocodebKy nozuiito. Crano
MO>KJINBUM BHUPIIICHHS MTATAHHS 32 JOTIOMOTO0 EKCTICPUMEHTY. SIKIIIO MOXHA B3STH MTapH
(dboToHIB y cTaHi, BkazaHoMy ElHintelinoM, [TogonscekuM 1 PozeHOM, 1 BUMIPSATH YOTUPU
gucina 30iriB N+ (a, b) s JETEKTOpiB HA BUXOJI BHUMIPIOBAJILHUX KaHAIIIB
MOJISIpU3aTOPiB, TO MOXHA OTPUMATH 1 MOJAPHU3AMIAHUNA KOe(DIIEHT KOpeNsii A
MoJIsIpU3aTopiB 3 opieHTarismMu "a" 1 "b".

Ax kepeno 3amryTaHuX (OTOHIB BUKOPUCTOBYBABCA JIBOX(OTOHHMM KacKaj
CEJIEKTHBHOTO 30y KEHHS JUIS Kanblifo: 4p? 'So<—4sd4p'P1<4s*'S,. Ilelt kackay izeaabHO
MIIIAIIOB U1l €KCIIEPUMEHTY 3 MIAPaXyHKOM CHIBMAJlIHb, OCKUIBKM Yac XUTTA T I
MPOMIXKHOTO PIBHS CTAHOBUTH 5 HC. JIOCATTH LBOTO ONTUMAJIBHOTO CIiBBIJHOIICHHS
BJIaJIOCSI 3 BUKOPUCTAHHIM KPUITOHOBOTO Jiazepa (Akr, = 406 HM) 1 mepeHanamToByBaHOTO
Jazepa Ha OpraHiyHux croiykax (Ap = 581 HM), HalamTOBAaHOTO Ha PE30HAHC 3
IBOX(OTOHHUM TPOIIECOM 3 TMOJAIBIIUM PO3MAAOM 1 YTBOPEHHSIM IMapu 3aIuTyTaHUX

($OoTOHIB (IUB. puC. 2).

ap? 1S, a b D.

D,
G‘— "_@—’ —
4sd4p Py l i

D =

Y e P
(R]
». -

Puc. 2. JIBox(hoTOHHE CeNeKTUBHE Puc.3. Cxema eKCIepuMEHTY 3 IBOKaHAJIbHUMH aHali3aTOPaMHu.
30yPKEHHS CTaHy KaJbLio 4p°
1So(—4s4plp1(—4S2 1So.

B knacuunomy excniepumenti Acne [4,5] (puc.3) n1Ba mOoTOKK (DOTOHIB 3 HYJILOBUM
CyMapHUM CITIHOM, 110 BUJIETUIH 3 JpKepena S, HanmpaBisutkch Ha pu3mu Hikons a 1 b. B
HUX 32 PaxyHOK TMOJBIMHOTO 3aJIOMJICHHS TPOMEHS BiIOyBaBCS MOMLIT TOJSPU3ALIMA
KOXKHOTO 13 ()OTOHIB Ha €JIEeMEHTapHI, MICII YOTO MyYKH HAMPaBJUIHCh Ha AeTeKkTopu D+
1 D_. Curnanu Big A€TEKTOpiB 4epe3 (OTOMOMHOXKYBaul MOCTYyNAId HA PEECTPYIOUUN
npuctpii R, ne obuucmroBanack HepiBHICTH bemma. Takuil monspumeTp € (HaKTHIHUM
ananorom ¢ginbtpa llltepna — ['epnaxa nmst 4acTHHOK 31 criiHoM 1/2.
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ExcniepuMeHTansHo OyJio TEPEBIpeHO, IO CyMa YOTHUPbOX I1HTEHCUBHOCTEH
criBnaganb N4 (a, b) 3aumraeThCcst MOCTIHHOIO MPHU 3MiH1 OpiEHTAIlIN, XO0Ua KOXKHA 3 HUX
BapitoeTscst Ha 100%. ExcriepumenT OyB BMKOHAHUI NpU HANAIITYBaHHI B YOTHPHOX
HaAIpsSIMKaXx JUIsi MaKCUMalTbHO KOH(MIIIKTHOTO nepea0ayeHHs.

TakuM yuHOM, MOKHA 3pOOUTH BUCHOBOK, 1110 KBAHTOBAa ME€XaHiKa MICTHUTh B CO01
JIeSIKY HEJIOKAJIBHICTD 1 Il HETOKAIBHUM XapaKTep IMiATBEPHKCHUN eKCIIEPUMEHTAIBHO.
3a3HaunMo, 110 Il HEOKAIBbHICTh MAa€ Ty>Ke TOHKY MPUPOAY 1, 30KpemMa, He MOxe OyTu
BUKOPDHCTaHA JJs HAJCBITJIOBOI Tejerpadii. Y cxemi, 1€ BHUKOHYETbCA CHpoda
BUKOPHCTOBYBATH 3alpOIIOHOBAHY KOPEILIII0 Iepeaayl MOBIIOMIICHHS, HE0OX1IHO
HaJICcIaTH JoJaTKoBY iH(opMamiro (1040 OpleHTaIli MoJaspu3aTopa) 3BUYANHUM
KaHaJIOM, Y SIKOMY NPUYUHHICTh HE mopyuyerbes. Lle anamor cxem Ttenemnoprariti, Ae
KBaHTOBHI CTaH MOXke OYTH TEJIEIOPTOBAHO 3a JOTIOMOI'OI0 HEJIOKAJIBHOTO MPOIECY, alle
Ipy I[bOMY TaKOX MOTpiOHA Tepenada KiIacuyHOi 1H(oOpMaIli KIACHYHUM KaHAaJOM.
KBaHTOBa HENOKANBHICTD HE JI03BOJISIE HATICIATH 3BUYAHY 1H(GOpMAaIIifo.

OTxe, Yy BKa3aHUX KOPEJAIIAX TMPOSBISIETbCS  HEJOKAJbHA  IOBEJIHKA.
3amryTyBaHHS, O€3yYMOBHO, € BIJIACTUBICTIO, IO BHUXOJUTh 32 pPaMKH OYIb-SIKOTO
pOCTOpPOBO-yacoBoro onucy ElHmTeiiHa: mnapa 3amiyTaHux (OTOHIB TMOBUHHA
pO3TIsAaTUCA SIK €IMHUM TJIOOATbHUN 00'€KT, SIKMM HE MOJKHA PO3TIIAATH Y BUIJISII
CKJIQJICHOTO 3 PO3JUICHUX y TPOCTOPl Ta Yacl OKpeMUX OO0'€KTIB 3 BU3HAUYCHUMU
BIacTUBOCTAMU. OCTaHHIM yJap JIOKAJIbHOCTI OyJi0 3aBAaHO EKCHEpPUMEHTaMHu 3
Oararo3B'si3HMMH cTaHaMu [ 'pinOGeprepa-XopHa-Lladninrepa [6], sxi 3akimanu 0a3uc
KBaHTOBOI TejenopTallii. B excriepuMeHTi BUBUAIUCS 3aIUTyTaHi CTAaHU TPhOX YaCTHHOK.
BcranoBinieHo, 110 11l TP YaCTUHKU YTBOPIOIOTh €IMHUM 00'€KT, 110 3HAXOUTHCS OJpa3y
B KiIbKOX MicIisix. Floro mapaMeTpn BiIHOCATBCS [0 Pi3HUX YACTHH CHCTEMH, SKi MOXKYTh
nepedyBaTH Ha BETUKHUX BIACTaHAX. Mk HUIMU HEMae peaibHoi (PI3UYHOI B3a€EMO/I1, ajie
€ MUTTEBA KOPEJAIS Pe3ysibTaTiB BUMIPIB. Y MHOXKHHI MEPEITyTAaHUX CTaHIB MPOCTI
MOHSTTSI IPUYMHHOCTI Ta JIOKAJILHOCTI O1JibIie He 3acTOCOBHI. Tomy:

1. JloxanvHi meopii 3 000amKo8uUMU NAPAMEeMPaAmMu NPU3B00smMs 00 HepisHOCmeEl
benna. VYmosa noxkanvrHocmi y  ckiaOHiwux — 8epcisax  YsA6HO20  ‘OUHAMIYHO20
excnepumenmy’’ Mooce po3enadamucs K HACAIOOK npuyunHocmi 3a Etnwmetinom, wo
nepeobavae Hao0C8imi06i 83aEMOOI.

2. Pso0 nepeobauensv keanmosoi mexaniku nopyuiyromo nepienocmi benna i, omoice,
K8AHMOBA MEXAHIKA HECYMICHA 3 TOKAIbHUMU MeOopiamMu 3 000amMKOBUMU NAPAMEMPAMU.

3. Lle npoxnano wisx 00 peanbHUX MONCIUBOCMEU KEAHMOBOI melenopmayii,
CMBOPEHHSL | YNPaesilinHA 2100anbHo0 3aniymanicmoio I pinbepeepa-Xopna-1Llavinineepa iz
3aCcmMocy8aHHAM Keanmosux npoyecopis [6].

[1] Einstein A., Podolsky B. and Rosen. Can quantum-mechanical description of
physical reality be considered complete? Phys. Rev. 47,,777 (1935).

[2] Bohm D. Quantum Theory // New York: Prentice Hall. 700 (1952).

[3] Bell J. Rev. Mod. Phys. 38, 447, (1966); Bertlmann R., Zeilinger A. Springer
International Publishing Switzerland 30 (2017).

[4] Aspect A., Grangier P. and Roger G. Phys. Rev. Lett. 49, 91, (1982).

[5] Aspect A., Nature 398, 189 (1999); Aspect A. From Bell to Quantum information
/ eds. by R.A. Bertlmann, A. Zeilinger. — Berlin: Springer, 119, (2002).

[6] Zehang Bao, Shibo Xu, et al. Nature Communications, 7, (2024).
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TUNNEL MAGNON TRANSFER THROUGH
A FERROMAGNETIC CHAIN

S.M. Tunyk, E.G. Petrov
Bogolyubov Institute for Theoretical Physics, Nat. Acad. Sci. Ukr Kyiv, Ukraine
e-mail: toonik@ukr.net

In connection with the development of quantum technologies, special attention has
been paid to the study of quantum properties of hybrid systems based on magnonics [1].
One of the areas of use of magnons (spin excitations) may be related to transfer of
information. The development of quantum information technologies has shown that
charged particles are not very convenient for transmitting information.

This is due to the Joule heat that is released in the device during the transport of
tcharge. Therefore, uncharged carriers are most suitable for transmitting information over
nanoscale distances. It is proposed to use spin excitations of ordered paramagnetic ions as
these. Since the motion of magnons can be controlled by both a magnetic field (acting on
the magnetic moment of the paramagnetic ion) and an electric field (through deformation
of the crystal field of the ligands), this makes magnons suitable for use in quantum
communications. It is also known that magnons interact quite well with phonons and
photons — respectively, quanta of oscillations of atomic nuclei and quanta of the
electromagnetic field. Based on this fact, it was possible to create hybrid devices that are
microcavities with nanomagnets inserted into them.

magnon
(D) -+ D
a A 2 N-1 N, p
~
magnonic bridge

Fig. 1

In such hybrid photon-magnon resonators, electromagnetic oscillations occur with
frequencies of the order of gigahertz and terahertz, which also corresponds to the excitation
frequencies of static (Kitel's) magnons. This opens up wide opportunities for generating
one type of excitation quanta into quanta of another type for the purpose of using hybrid
photon-magnon resonators in quantum technology. In the work [2] a physical mechanism
for implementing quantum communication between photon-magnon resonators is
proposed, according to which magnons generated in the nanomagnet of one of the
resonators (A4 or B) can be transferred to the other resonator through ferromagnetic
nanoscale chains (see Fig. 1).
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Fig. 2.

Such transfer can be carried out in two ways, namely by sequential magnon hoppings
along all units of the chain, as well as by magnon tunneling between its terminal units a
and b. Here we present the results of theoretical studies of the dependence of rate Ky
(~R(N,0)) of non-resonant (Fig. 2a) and resonant (Fig. 2b) tunneling of a magnon between
nanomagnets A and B connected by a ferromagnetically ordered chain of N identical units.
In the non-resonant tunneling mode, an exponential decrease in rate is clearly visible with
increasing N. The situation changes dramatically in the case of resonant tunneling. In the
non-resonant tunneling mode, an exponential decrease in rate is clearly visible with
increasing N. The situation changes dramatically in the case of resonant tunneling. One
can see significant changes in rate at certain values of the spin excitation energy entering
the chain. In fact, these values will coincide with the broadened magnon energies in the
chain. Thus, the tunneling transport of magnons through bridging ferromagnetic structures
indicates a specific coherent mechanism for implementing quantum communications using
uncharged carriers. Switching the tunneling mode of magnons by a magnetic field can be
considered as an effective tool for controlling the transfer of information between
ferromagnetic nanocenters.

[1] D. Lachance-Quirion, Yu. Tabuchi, A. Gloppe, K. Usami, Ya. Nakamura,

J. Appl. Phys. Express 12, 070101(2019).
[2] E. G. Petrov, J. Appl. Phys. 135, 134301(2024)
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MIKCEJIBHA MATPUIS IOHIBAIIIMHUX KAMEP Y
BEPUDIKAILII JIKYBAJIBHUX IIJTAHIB IPOMEHEBOI TEPATIII:
AHAJII3 TA ONTUMIBALISI METOAUK

K.I'. ITinuyk'?, JI1.O. Tominka-Besmmiiko!, O.0. Ynrpun?, 1.C. KoBanenko>>,
B.B. Pycakos?, O.A. Be3mmiiko!

'Kuiscoxuti nayionanvnuii ynieepcumem imeni Tapaca Illesuenxa, Kuis,
2 [leporcasne nexomepyiiine nionpuemcmeso «Hayionanvnuti incmumym paxyy, Kuis,
3 Inemumym s0epuux oocnioncens HAH Yrpainu, Kuis
e-mail: kateducationch(@gmail.com

BaxxnuBuM eramom y mpolieci IUTaHyBaHHS MPOMEHEBOI Teparii € Bepudikailis
JIKyBaJIbHOTO TUIaHy. Metoro BepuQikalli € mepeBipka Toro, 110 JIIKyBaHHS, ske Oyze
MPOBEJICHE MaIlIEHTY, BIAMOBIAA€ pO3paXyHKOBUM MapaMeTpaM, epe0aueHuM y CUCTEMI
TUTAHyBaHHSI.

Haiibinpm 3acTOCOBHMMH MiAXOJaMH A0 IPOBEJEHHS BepHdiKallli JIKyBaIbHUX
IJIaHIB €: paJloXpoMHa IUIIBKA, MAacMBM (MAaTpuIll) 3 1OHI3alIHHUX Kamep a0o J101iB,
CJIEKTPOHHUN mopTaibHuil npuctpiit st 300paxkenns (EPID, Electronic portal image
device). Koxken 3 HMX Mae cBOi mepeBary Ta HeAodiku. B po6oti Oyno AochipKeHO
BUKOPUCTAaHHA MaTpull 10HI3auiiiHuX kamep, MatrixX Resolution + miniPhantom, IBA,
aka € MacuBoM 3 1521 kamep (39x39 mit.), M0 CHUMETPUYHO PO3TAIIOBaHI B IOJI
253x253 MM, MmatoTh giamerp 3,2 MM Ta BUCOTY 2 MM. [l aHamizy pe3ynbTariB
BUKOPHCTOBYETHCS Mporpamue 3abe3nedeHHss myQA,IBA [1].

He3zanexxHo B 00paHOTo IHCTpYMEHTAPIIO I TPOBeIeHHs Bepudikalii, KUTbKICH1
KpUTepii OIIHKK 301KHOCTI pO3paXxOBAHOTO Ta BiITBOPIOBAHOIO IJIAHY € OJTHAKOBHMH.
Pi3Hutsg Mi>k po3paxyHKOBOIO CHCTEMOIO IUIAHYBaHHS JIIKYBaHHS 1 TUTAaHOM Bepudikairii
BIJIHOCHO TPUHHATOI TOJEPAHTHOCTI BHM3HAYAEThCS TramMma-(pakrtopoM [2], sKkuid €
KOPUCHUM JIJI51 KITbKICHOT OI[IHKH Ta MOPIBHAHHS JBOBUMIPHUX 1 TPUBUMIPHUX JTAHUX PO
no3y. KoedilieHT TrpagieHTa A03U  ABJISIE  COOO0 BIAHOCHY KOMIICHCAIIO MIXK
MIPOCTOPOBHUM 1 JIO3UMETPUYHUM 3CYBOM, a B JIITEpaTypi Ha OCHOBI BHOpPAaHMUX PIBHIB
TOJICPAHTHOCTI MOBIIOMJISIIIOCS TPO KPUTEPIi «IIPOUIIOB-HE MPOMIIOB» SIK PI3HHUII J03
(dose difference, DD), Tax i BizmcraHi 10 npuiiHATHOTO 3Ha4YeHHs (distance to agreement,
DTA) [3]. [lnan BBakaeThcs yCHIMIHO BepU(IKOBAHUM, SIKIIIO 3HAUYCHHS ramMa-(akTopa
O1bI11e 200 MOpiBHIOE 95 %.

OCKUIbKM MaTpulll € ABOBUMIPDHUMH, IX PEaKilisi HA ONPOMIHEHHS 3aJ€XHUTh Bij
kyTa. L KyToBa 3aleXHICTh CHpPUYMHEHA OCJIAOJEHHSM MPOMEHS BIJ BHYTPIIIHBOI
CJICKTPOHIKH, TMOBITPSHUX TOPOKHWH, TOMIO. MaTpHIlsl MOXe MaTh 3Ha4yHy KyTOBY
3aJIeKHICTh B Mekax = 10° BiJg TOPU30HTAIBHOI OCI, TOJIOBHUM YHHOM Yepe3 MOBITPsHI
MOPOXKHUHU MK Kamepamu [4].
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3 BHKOpHCTAHHA GAS bes GAS
DTA DTA
2% 2 mum 326 3 mm| 2% 2 mm 3% 3 mm
ramMMa HaKTop
99.9 100 63,1 79
999 LT 76,7 B7
100 L1 0] 44 .8 21,3
908 L0 434 61,3
90.9 L] 51,6 62.9
99.9 LW 55 67,1
99,5 100 39.9 032
99.1 0.8 68,6 75.3
90.9 L] B4.8 08,1
99.9 10 54,7 69,2
100 100D 49 67,6
99,9 L] 394 55.5
o908 100 00,3 08,1
100 L] 69,9 81,7
99.9 L] 78 B5.8
909 L] 432 56,1
998 LD 46,5 57.6
909 100 02 .4 05,3
CEPETHE THAMEHHS Tadma daKTopy
908 1M, I 63.4 76,2

Puc. 1. 3nauenns ramma- pakropiB Ta DTA 3 ypaxyBanusim ta 6e3 GAS
JUIA 1IEHTUYHNX TUIaH1B.

Kommnekramiero matpuii MatrixX Resolution IBA nepenOauenuil njaTuvk KyTta
redTpi (Gantry angular sensor, GAS), KUl KpiUTHCS O TEHTP1 Ta KamiOpye MOKa3HUKH
BIIMIOBITHO /IO KyTa, 3 IKOTO BOHM Oynu oTpumani. Ha Puc. 1 HaBeaeH1 3HaueHHS raMMa-
dakTopiB Ta BinnoBigHOI TosepaHnTHOCTI DTA mpu Bukopuctanhi TexHosorii VMAT
(Volume Modulated Arc Therapy) 3 ypaxyBanusam GAS Ta 6€3 HbOTO ISl 1ICHTHYHHX
mnaHiB. OcobmuBicTio VMAT e 6e3nepepBHe o0epTaHHs T€HTPI 11 4ac ONMPOMIHEHHSI, 110
TaKO BIUTMBAE HA PO3MO/LI 103U B ONIPOMiIHEHOMY 00’ eMi. OTxe 00’ €KTOM MEepEeBIPKH M1
yac Bepudikamii Takoxk Mae OyTu pyx reHtpi. Ilpore, ax mpexacraBierHo Ha Puc. 1,
Bepudikaiisg wianiB VMAT 6e3 Bukopuctanass GAS nmae HepeanicTU4HI 3Ha4YeHHs. Mae
MiCIle 3MCHIICHHS aOCOMIOTHOI J03M Ta/ab0 HEBIAMOBIIHICT MNPOdil0 JT030BOTO
PO3MOILITY.

[Tpo6ieMu KyTOBOT 3aJI€5KHOCT1 Uy TJIMBOCTI TAKOK MOKHA BUPILLIUTH 32 JOTIOMOT OO0
HWJIIHIPUYHUX MATpPUIlb, B SKMX BXE€ HAMIBIPOBIIHUKOBI JETEKTOPH PO3TAIIOBAaHI Ha
BHYTpilHIX noBepxHsx (Hanpukiaa, ArcCHECK, Sun Nuclear).
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Metoro poGoTu Takox Oyio, 30KpeMa, (GopMyJtOBaHHS PEKOMEHJAIli II0J10
BUKOPHUCTAHHSA MaTpHUIb MIKCEIbHUX 10HI3alIMHUX Kamep Uit Bepudikaiii JTiKyBaJIbHUX
IUTaHIB Y IPOMEHEBIH Teparii.

BpaxyBaHHs1 3a71€KHOCT] UyTJIMBOCTI 10HI3aI[1iTHOT KaMepH BiJ] KyTa MajiHHs My4yKa
MO3Ke OyTH peaiizoBaHo 3a qornomororo GAS, abo npu CHHXpOHHOMY OOepTaHHI MaTpHIIl
Ta re’Tpi (Hanpukiaa, cucrema nepesipku 1o3u OCTAVIUS II, PTW).

3a BIACYTHOCTI HPUCTPOIB, IO JJO3BOJSATH BPaxOBYBaTH KyTOBHH pPO3MOJALIT
YyTJIMBOCTI 1OHI3ALIIfHOI KaMepH, MaTpULI0 MOKHA BHKOPUCTOBYBATU JIMLIE IS
Bepudikauii IMRT nnaniB 6e3 obGepranHHs TeHTpl MiJ Yac MpoBeAeHHS BuMipis. Ilpu
BOMY ITyYOK Ma€ OyTH HaNPaBJICHUH MEPIEHANKYIISIPHO A0 MATPHIIL.

JlocnimkeHHs: 4acTKOBO miaTpuMano (inancyBanusM HOJIY B pamkax mpoekty
«ITinBumieHHsT SKOCTI Ta O€3MEKH MpU MPOBEACHHI MPOMEHEBOI Teparii OHKOJOTTYHHX
3aXBOPIOBaHb 1 PEHTICHOJIIAaTHOCTHKWY» 3a peecTpaiiiuuM Homepom 2021.01/0211
(xoHkypc «Hayxka asst 6e3neku Ta cTajgoro po3BUTKY Y KpaiHn»).

[1] MyQA User's Guide. Vol. 1. 2021.

[2] Daniel A. Low et al.. Medical Physics 25, 656—661 (1998).
[3] Heng Li et al. Medical Physics 38, 6730—-6741 (2011).

[4] Moyed Miften et al. Medical Physics 45, e53—e83 (2018).
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MNOPIBHSHHSA 1O30BUX PO3IIO/IIJIIB, BUMIPSHUX
PI3BHUMMU I[ETEKTOPAIYIH Y BEJIUKHUX TA MAJIUX
PAJIAIIMHUX ITOJISAX

K.B. Bimbunncbka', O.A. Besmmiiko?, J1.O. Iominka-Besmmiiko?, P.M. 3enincbkuii’

' Kuiscoxuii nayionanvnuil ynieepcumem imeni Tapaca Llesuenxa, m. Kuis, Ykpaina
*Vuieepcanvna kninixa «Obepizy, m. Kuis, Yxpaina
SMeouunuii yenmp imeni akademixa FOpis Ipokonosuua Cniocenxa, m. Kuis, Yikpaina
e-mail: pkaterinal25@gmail.com

[IpoBeneHo nocaiKeHHs J030BUX po3MoaLIiB y Benukux (10 cm x 10 cm) Ta manux
(1 cm x 1 cMm) pamialifHUX TOJISIX HUISIXOM MOPIBHSHHA PO3PaXyHKOBHX 1 BUMIPSHUX
JAHUX 3 BUKOPUCTAHHIM JIBOX THIMIB JIeTeKTOpiB. OcobirBa yBara NpuauII€TbCs BIUTUBY
OKJIIO311 JpKeperna B MajuxX MOJSAX Ta SBUILY HaKJIaJaHHS MIBTIHEW, K nepeadayaroTh
TeopeTHyH1 Mojeni. Mani pajiauiiiHi mossi, MO0 MalTh BEIUKE 3HAYCHHS B KJIHIYHIN
pajaiamiiHii Teparnii, CTBOPIOIOTH OCOOIMBI TPYIHOILI B IO3UMETPIi uepe3 i e(heKTH.

VY cyuacHiii penu3iiHii pagioTeparnii BaXIMBUM € TOYHE BU3HAYEHHS PO3MOILTY
03K U MauX I0JiB, 30kpema 1 x 1 cm?. BHKOpPHCTaHHS YMCIOBHX PO3PaxyHKIB Ta
EKCIIEpUMEHTAILHOT Bepu(iKallli 103BOJISIE OIIHUTU BIUIUB €(EKTIB PO3CIIOBAaHHS Ta
IHIIMX TO3UMETPUYHUX (HaKTOpiB. Y poOOTI MPOBEIECHO aHATI3 pO3PaXOBAHOIO J1030BOI0
PO3MOILTY, OTPUMAHOTO 3 CUCTeMH TulaHyBaHHs JiikyBaHHs (TPS), Ta iioro mopiBHSIHHS 3
JTAHWMH TUTIBKOBOI I03UMETPIi Ta 3 1aHuMu 13 nerekropa MatriXX Evolution.

byna Bukopuctana 2D maTpuus 10HI13alIHHUX KaMep, po3podiieHa koMmaHiero IBA
dosimetry (IBA Dosimetry, Himeyunna) st MeraBosibToBoi abcomoTHOoi 2D no3umerpii
B peaIbHOMY 4aci, Bepu(ikallii JiKyBaJbHUX IUIaHIB Y IPOMEHEBI1H Teparii 3 MOAYJIAIIEI0
inTeHcuBHOCTI (IMRT) Ta 06'emHO0i MOyibOBaHOi AyroBoi Teparii (VMAT).

Takox Oyna Bukopuctana riBka GafChromic EBT3, sxa Mae oiuH akTUBHUI 11ap,
PO3MIILIEHUH MK ABOMa MPO30PUMH TOJIePIpHUMH JUCTaMH, Ta € OUIbLI YYTJIMBOIO
3aBASKU IIMPOKOMY aianazony A03 Big 1 cI'p no 40 I'p [1,2]. [lepen onpomiHeHHsM 0yI10
moOy/10BaHO KaliOpyBajdbHy KpuBYy 3 11 miiBok, onpominenux mo3zamu Big 1 go 10 I'p.
[Inieka EBT3 Oyna po3TamoBaHa MEepHNEeHANKYJSIPHO MiX TBEPIOTUIBHUM (haHTOMOM
RW3 Slab Phantom y BogHOMY ekBiBajeHTI Ha INIMOMHY 5 cM, /€ MpHUCKOpIOBau OyB
BimkamOpoBanuit Ha 1 cl’p, mo gopiBaroe 1 MU. Omnpominenns ok EBT3
npoBoauIocs 103010 9 I'p mpu po3mipi monst 10 x 10 cm? ta 1 x 1 cm?. He onpominenuii
¢parmenT mwiiBku EBT3 BukopucToByBaBcs K (OH.

Panioxpomna miuiska EBT3 Oyna po3miniena y ¢ganTomi 3 «TBepaoi Boau» (5 cMm
3BEpXy Ta 3 CM 3HM3Yy), ILIO J03BOJIIE IMITYBaTH pO3CIAHHS Yy TkaHuHax. Ilepen
BUMIpIOBaHHAM (aHTOM ckaHyBaBcsi Ha KT-ckanepi Siemens aJjis BpaXyBaHHS T'YCTUHU
Marepiani. Pa3zoBa no3a ajis koskHOTO BUMipioBaHHs cranoBuia 9 I'p. [lons popmyBanmcs
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3a nonomoroto GararomnentoctkoBux kosiMmaropiB (MLC), a ne menen. Ha HactynHomy
etam Oyno mpoBeZeHO BuMiproBanHs Ha MatriXX Evolution, po3mimieHiit y ¢anromi
miniPhantom, 1o 3a6e3neuye BpaxyBaHHS PO3CIsTHHSL.

[Tonss ompomineHHs Bkimodanu Benuke mone (10 cmx 10 cM) Ta mane mose
(1 cmx 1 cM). PesynpraTé BuUMiptoBaHb 00poOssmucs 3a momomoroio Python. Bymo
moOy/I0BaHO TMOPIBHAIBHI TIpadiKd TOPU3OHTAIBHUX JO030BUX MNPOGUIIB IS TOJIB
I0cmx 10cm Ta 1 cmx 1 cM. AHami3 BKIIOYAB HOpMaJi3allilo J1I030BUX HpodimiB Ta
OILIIHKY BiJIXWJIEHb MK €KCIIEPUMEHTAIbHUMH Ta PO3PAXOBAHUMU JJAHUMHU.

Hna monst 10 cm x 10 cM mpoisie 103U MOKa3aB BUCOKY BIAMOBIAHICTE MIXK
eKcriepruMeHTaIbHIMH AanuMH (11iBka EBT3) Ta po3paxyHkamMu B CUCTEMI TUIaHyBaHHS
nikyBanas Eclipse (Varian). He3nauHi BiIXWICHHS CIIOCTEpIiraaucs B 00JIacTi HAIMIBTIHI,
1110, UMOBIPHO, MOB'SI3aHO 3 IUCKPETHICTIO OararonentocTkoBux kojiMmatopiB (MLC). Jlns
Majgoro mons lcmx1cm  coocrepiraivcss — HMOMITHIII — pO30DKHOCTI MK
EKCIIEpUMEHTAJIFHUMU Ta PO3PAXYHKOBUMHU JaHWMU. HalOiabin BiIXWieHHS Oyiu
3adikcoBaHl B 00JacTi HaMIBTIHI Ta Ha LEHTPaJIbHIN OCi, [0 MOXe OyTH TMOB'SI3aHO 3
OOMEXEHHSAMH B TOYHOCTI po3paxyHkiB juisi manmux noniB y TPS Eclipse. I'padik
TOPU30HTAIBHOrO NPo(UII0 1031 HaBeeHU Ha Pucynky 1.

1.0 1 + DICOM (Po3paxyHoK)

% « EBT3 (EkcnepumeHT)

0.81

B iy

ij
T

0.61

0.4 -

0.2 - r’fj 1“'“

0.0 A/

0 100 200 300 400 500
MNikceni (ropn3oHTanbHa BiCk)

HopmanizoBaHa iIHTEHCUBHICTb

Puc. 1. TopuzonTansuuii npodinae q03u it Manoro mois (1 cm x 1 cM), oTpuManwmii 3a
nomomoroto wiiBku EBT3 Ta po3paxosanmii y TPS Eclipse.

PesynbraTy miaTBEPIKYIOTh BUCOKUN PIBEHb TOYHOCTI IJIAHYBAHHS ISl BEJTUKUX
nmomB (10 cm x 10 cM) Ta BKa3yloThb Ha HEOOXITHICTh OMATKOBUX JOCIIKEHb IS
nmokparmieHdss TouHocTi po3paxyHkiB y TPS Eclipse nns mamux momiB (1 cm x 1 cm).
HaniBTiHp /11 Manoro mojist I€MOHCTPYE HaWCyTTeBIilIl PO3ODKHOCTI, IO MOXe OyTu
MOB'SI3aHO 3 HEJOCTaTHBOIO JETasi3allielo Mojell 0araTomeItOCTKOBUX KOJIIMATOPIB Y
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CHUCTEMI IJTaHyBaHHS. Pe3ynbTaTH MiIKpEeCII0I0Th PO301KHOCTI MK BEJIMKUMHU Ta MAJTMMHU
MOJISIMU, aKIEHTYIOUM Ha BaKJIMBOCTI TOYHHMX BHUMIPIOBaHb Ta OOMEXKEHHSX Cy4YaCHHUX
JO3UMETPUYHHUX METOIMK Y 3aCTOCYBaHHI JJO MaJHX MOJIiB.

JlocnimkeHnHs: 4acTKoBO miaTpuMano (inancyBanusM HOJ[Y B pamkax mpoekty
«IlinBuIieHHST SIKOCTI Ta O€3MeKU MpH MPOBEIECHHI MPOMEHEBOI Tepamii OHKOJOTTYHUX
3aXBOPIOBaHb 1 PEHTICHOJMIATHOCTUKW» 3a peecTpaiiiauM HomepoMm 2021.01/0211
(xoHkypc «Hayxka juist 6e3neKu Ta CTajioro po3BUTKY Y KpaiHu»).

[1] S. Devic, et al., Medical Physics. 2006;33(4):1116—1124.

[2] L.J. van Battum, D. Hoffmans, H. Piersma, S. Heukelom. Medical Physics,
2008;35(2):704-716.
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ADVANTAGES OF USING STATIONARY SOURCES OF
RADIOACTIVITY FOR RESEARCH IN PHYSICS AND ECOLOGY
USING THE "SIRIUS" FACILITY

H.Magus, H.Vasylyeva, 1. Shafranyosh,
K. Skubenych, V. Lazur, A. Zaporogetc

Uzhhorod National University, Uzhhorod, Ukraine
e-mail: mahus.hanna@student.uzhnu.edu.ua

The development of science causes the search of new opportunities and
technological solutions. Among them is the use of stationary sources of radioactivity for
research in the fields of physics, chemistry, biomedical engineering, and ecology.

In our previous research, we performed a qualitative analysis of the bremsstrahlung
spectrum of gamma-quanta generated by B-particles of the *°Sr-"°Y source and described
the PuBe source of neutrons [1]. The "Sirius" facility and PuBe neutron source are located
at the Department of Nuclear and Elementary Particle Physics of Uzhhorod National
University. The detailed distribution of B-particles of "Sirius" facility by energy is
described in the scientific work [2].
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Fig. 1. Distribution of B-particles by energy of *°Sr-**Y from the Sirius source.
Adapted from resource [2].
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It 1s shown in scientific work [2], that the radiation resistance of materials to the -
radiation can be studied using the "Sirius" facility. It is shown that the radiation dose of
1340 Gray does not significantly affect the properties of the inorganic adsorbent - titanium
silicate.

Previous studies have also shown that secondary gamma-radiation is present around
both sources. This secondary gamma-radiation can be used for research related to ecology
and radiation physics [1].

Many scientific works are devoted to this topic. For example, the waste of cellulosic
materials is described in the scientific work [3]. Cellulosic materials can undergo abiotic
hydrolysis under hyperalkaline conditions to form isosaccharic acid, which is a strong
metal-binding complexon that can increase the transport of radionuclides into the biosphere
[4]. Cellulose in irradiated waste can be transformed into fibers that are accessible for
degradation. The mechanism of this action is based on a shift in acidity and, as a result,
inhibition of isosaccharic acid production.

One of the important scientific tasks related to radiation physics and biomedical
engineering is testing of highly sensitive modern dosimeters, which are used in nuclear
research, medicine, and ecology. However, dosimeters with unique properties are also
needed for forensic research to identify the prior presence of radioactive materials at
buildings, sites, or vehicles [5]. Polymer gels, a thin layer that can be used as a highly
sensitive gamma-radiation detector, are described in scientific papers [6,7]. For medical
purposes it is important to create and test dosimeters that measure the dose equivalent to
the human body's tissues. For example, Fricke or ferrous sulfate dosimetry
solutions showing radiation-induced changes, in which ferrous (Fe*") ions are converted to
ferric (Fe*") ions, could be quantified using NMR relaxation measurements [7].

The aim of our next research is to explore the range of possibilities of using
stationary sources to create radiopharmaceuticals. However, there are several difficulties.
These include ensuring safe working conditions, development of technologies for storage
and disposal of radionuclides, process automatisation, etc. Therefore, these prospects
require a comprehensive and thorough analysis.

[1] Magus H., Vasylyeva H., Strilchuk M., et al. (2025). Prospects for the usage of
stationary radioactive sources for studies in the field of radiation physics and
radioecology. Grail of Science, 50, 576-586. https://doi.org/10.36074/grail-of-
science.21.03.2025.073

[2]1Sych, O., Kilivnik, Yu., Pop M., et al. (2024). Investigation of radiation resistance
of adsorbents using the *°Sr — source. Chemistry, Physics and Technology of Surface,
15 (1), 94-101. https://doi.org/10.15407/hftp15.01.094.

[3] Bassil, N.M., Small, J.S., Lloyd, J.R. (2020). Enhanced microbial degradation of
irradiated  cellulose under hyperalkaline conditions. FEMS  Microbiol.
Ecol., 96, fiaal02, 10.1093/femsec/fiaal02
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[4] Gaona, X., Montoya, V., Colas, E., et al. (2008). Review of the complexation of
tetravalent actinides by ISA and gluconate under alkaline to hyper alkaline conditions.
Journal  of  Contaminant  Hydrology, 102 (3-4), 217-227.
https://doi.org/10.1016/j.jconhyd.2008.09.017.

[5]. M. Karampiperi, N. C. Tsirliganis, N. A. Kazakis, Use of commercial
pharmaceutical  drug  (Daktarin®)  for  retrospective/accidental/forensic
thermoluminescence dosimetry, Applied Radiation and Isotopes, 166 (2020) 109364.
https://doi.org/10.1016/j.apradis0.2020.109364.

[6]. Adliene, D., Urbonavicius, B. G., Laurikaitiene, J., et al. (2020). New application
of polymer gels in medical radiation dosimetry: Plasmonic sensors. Radiation Physics
and Chemistry, 168, 108609. https://doi.org/10.1016/j.radphyschem.2019.108609.

[7]. Sagsoz, M. E., Korkut, O., Gallo, S. (2025). Advancements in Tissue-Equivalent
Gel Dosimeters. Gels, 11(2), 81. https://doi.org/10.3390/gels11020081.
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BUKOPUCTAHHS EPID TA AHTPOIIOMOP®HOT'O ®PAHTOMA
H&N JIJIS1 OHIHKU BIIJIUBY TPAHCJISINIMHUX 3MIIIEHb HA
TOYHICTH JJOBEJEHHS NOI'JIMHEHOI 103U B
JUCTAHIUMHIN MPOMEHEBIN TEPATII

B.B. Pycakos', B.I1. Baummmn??, J1.O. Toninka-besmmuiiko®, O.A. be3mmuiiko?

U Tepacasne nexomepyiiine nionpuemcmeo «Hayionanvnuii incmumym paxyy, Kuis,
Ykpaina
’TOB «KAITUTAJI» MI] « YVuieepcanvna kninixa “Obepiz”» Kuis, Yxpaina
SKuiscokuil nayionanvnuil ynieepcumem iveni Tapaca Illeeuenxa, Kuis, Yxpaina
e-mail: 107rvw@gmail.com

CyyacHa nucTaHIlIfHa TPOMEHEBa Tepallis 13 3aTy4YeHHSIM MEIUYHHUX JIHIHHUX
MIPUCKOPIOBAYIB € HEIHBA31MHUM M1JIX0JIOM MPHU JIIKYBaHHI OHKOJIOTTYHUX 3aXBOPIOBAHb Y
chepi pamiamiiiHoi oHKojorii. HailmomwupeHimuMmu TexXHIKAaMU TpU  JIIKYBaHHI 3a
JOMOMOror0 ranpMiBHUX (oToHIB BHcOkMX eHeprii € IMRT (Intensity-Modulated
Radiation Therapy) tTa VMAT (Volume Modulated Arc Therapy). Lle kommiekcHi
MIIXOIU, fKI BUKOPUCTOBYIOTh MOAYJILIIO K IHTEHCHUBHOCTI ONPOMIHEHHS, TaK 1
OUHAMIYHY 3MiHY KOH(QIrypauiid ©0araToneiroCTKOBOTO KOJIIMATopa IIiJi 4ac BChOTO
Mpoliecy JIKyBaHHS, 110 y CBOIO YEpry MOPOKy€e HaOlp KOMIUIEKCHUX (HopM (aKTopiB
pamianiiHuX mojiB. Takuil miaxia BUMarae HaJ3BUYaiHOI TOYHOCTI B peai3allii Ha BCiX
eTamax JIKyBaHHS: BiJl BIIPOBA/KCHHSI KOMIUIEKCHOI MPOrpaMHu KOHTPOJIIO MapaMeTpiB
MPUCKOPIOBaYa J0 SIKICHOI MPOLEAYPH MO3ULIIOHYBaHHS MALIIEHTIB M1 Yac KOXHOI (hpakiiii
JKYBaJIbHOTO KypCY.

Metonu VMAT Ta IMRT 103BOJIsIFOTh 3HAYHO 3MEHILUTH ONPOMIHEHHS 3I0POBHX
TKaHWH, 320€3MeYy04H Npyu LbOMY HEOOX1AHE KIIIHIYHE MOKPUTTS MyXJuHH. OcoOIMBO
BOKJIMBUM aCIEKTOM KOHTPOJIIO € 3aCTOCYBaHHA In Vivo J03UMETpii, sfika 3a0e3neuye
Bepu(Dikallio po3paxyHKOBOIO IJIaHy JikyBaHHs, ctBopeHoro B TPS (Treatment Planning
System), Ta OIIIHKY SIKOCTI BIATBOPEHHS PO3MOITY MOTIMHEHOI JO3H IiJl 4ac peabHOTO
CEaHCy OMPOMIHEHHSI.

PeanbHi 3MiHM y (i310710r1T DallieHTa, TOMWIKA MO3UI[IOHYBAaHHS, PYXU OpraHiB,
TEXHIYHI MOXUOKHM CHCTEMH JOCTaBKH JO3H, a TAaKOX OOMEXKEHHS OOYMCIIIOBAIILHHUX
AJITOPUTMIB MOXKYTh 1CTOTHO BIUTMBATH Ha GAaKTUUHUHN po3noaut o3u. L{e mpu3Boauth 10
BIJIXMJICHHS B1J] 3aIUIaHOBAHUX 3HAYEHB 1 MOXKE 3HU3UTHU €(PEKTUBHICTD JIIKYBaHHS.

Jlnst orinku (aKTHYHOTO JI030BOTO PO3MOJITY BUKOPUCTOBYIOTHCS PI3HI THIA
JIETEKTOPHHUX CHUCTEM, SIK1 peali3yroTh MiaXia in vivo qo3umetpii. Jlo Hux Hanexars TLD
(TepmoroMiHeciieHTHI feTekTopH), AioaHi cencopu ta EPID (Electronic Portal Imaging
Device) [1].
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B pamkax maHoi poGoTM MM 30cCepeAwyiNCh Ha aHaiizl BukopucTanHs EPID
(«forward transit approach») nJs OMIHKKA MOMJIWBOCTI  3aJdydeHHS JIAHOTO
JO3UMETPUYHOTO 1HCTPYMEHTY B IMOJANBIIOMY aHaji3l BIUIMBY CTOXAaCTUYHHX 3MIH Yy
nporexypi no3urionyBanHs narienta (Patient Setup) Ha 3aranpHy SIKICTb ONMPOMIHEHHS
B3/I0BJK BCHOT'O KypCY JIIKyBaHHS.

VY Mexax nociiikeHHs: 0yyo 00paHo s aHaji3y MOXJIMBICTh BUKOPUCTAHHS a-Si
1200 EPID, interpoBanoro B meauunuii miHiitHu# npuckoproBadu HALCYON (Varian) 3
eneprieto nyuka 6 MV FFF, ta antponomopduoro gantoma H&N (Puc.1). OnintoBaBcs
BIUTMB TPAHCIAIMIMHNX 3MimeHb ¢antoma B3moBk oceit LNG (longitudinal), VRT
(vertical) Ta LAT (lateral) Ha 3aranpHy SIKICTh JJOCTaBKHU JI03M 32 YMOB ITOCTIHHOT T€OMETPii
onpomineHHs (TexHika — VMAT 3 nBoMa MOBHUMH apKaMH).

3MileHHs 31MCHIOBAJIMCH Y MEXKax BiJl —2 CM JI0 +2 ¢M 3 KPOKOM 1 ¢M JiJisi KOKHO1
3 TphOX KoopauHaTHUX oceil. [lo3uiionyBanHs (paHTOMa B peepeHCHOMY MOJIOKEHHI
sniicHioBasioch 3a ponomoroio kV CBCT (Cone-Beam Computed Tomography) nepen
onpomineHHa. Bumipun EPID mpu npomy mnosoxeHHi Oynum oOpani sk pedepeHcHi,
OCKIJIbKU 3MIIICHHsI OyJIM HYJIbOBUMH Ta CIIBIIAJ Al MIPU MPOBEJCHHI po3paxyHKy B TPS.

A

Puc.1 3niBa mpencraBneHuii antponoMopduuii (GaHTOM TONOBM Ta IIUI MiJl Yac MPOBEACHHSA
KOMII'I0TepHOi ToMorpadii (pedepeHcHe MoI0KEeHHS TSI MOJANBIINX TPAHCIAIIMHNAX 3MIIIEHB ).
[IpaBopy4 300pakeHH1 BiJIMOBIHI caritajibHi Ta akcianbHi 3pi3u 3 /] pekoHCTpyKIIii (haHTOMA.

B pamkax po0OOTHM BHKOPHUCTOBYBAaBCS METOJ| MPSIMOTO TPAH3UTHOTO 300Dy
cuctemoro EPID mpu pi3HHX MOJOKEHHS aHTpornmoMopdHOro (aHToMa 3a OJHAKOBHX
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napaMeTpiB OMPOMIHEHHA. SIK KpuUTepii MOPIBHAHHSA BUXIIHUX (JIIOCHCIB Oysi0 00paHO
po3paxyHok ramma-iaaekcy npu DTA (Distance-to-agreement): 1 mm Ta 3 % 3rigno [2].

byno mnpoBeneHO TMOpIBHSIHHS TraMMa-iHACKCIB, BHUMIPSHUX 3a JIOTIOMOTOIO
MOPTAIbHOI JO3UMETPIi, 3 pe3yabTaTaMu, OTPUMAHUMU IIPU PO3PAXYHKY 3 BUKOPUCTAHHAM
¢dboToHHOTO 1030BOTO aroput™My Acuros XB mpu peanizatiii Tux camux 3milieHb paHToMa
B Eclipse TPS.

JocnipxeHHs: 4acTkoBo miaTpumaHo (inancyBaHHsM HOJ[Y B pamkax mpoekty
«ITigBUIIEHHS SKOCTI Ta OE3MEeKU MPU MPOBEJICHHI MPOMEHEBOI Teparlii OHKOJIOTTYHUX
3aXBOPIOBaHb 1 PEHTTEHOJIarHOCTUKW» 3a peecTpaiinum Homepom 2021.01/0211
(koHkypc «Hayka i 6e3neku Ta CTajaoro po3BUTKY YKpaiHWy).

[1] N. Dogan, BJ. Mijnheer, K. Padgett, et al., AAPM Task Group Report 307, Med
Phys. 50, e865—e903 (2023).

[2] M. Miften, A. Olch, D. Mihailidis, et al., Recommendations of AAPM Task
Group No. 218. Med. Phys. 45, 53-e83 (2018).
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SIMOURG?2.0 - GEANT4 APPLICATION FOR SIMULATION OF
NUCLEAR DETECTORS WITH SIMPLE GEOMETRIES

D. S. Kovalenko, V. V. Kobychev, L. M. Kobycheva, O. V. Zueva

Institute for Nuclear Research of NASU, 03028 Kyiv, Ukraine
e-mail: danylo.kovalenko0O@gmail.com

Nuclear spectrometry plays a vital role in areas such as exotic nuclear decay
research, radiation protection, isotope production, and nuclear medicine — fields where
precise detector response and efficiency are essential. Although Monte Carlo simulation
tools like Geant4 [1] and MCNP provide highly detailed modeling capabilities, their
complexity can be excessive for typical spectrometric applications. To address this,
Simourg [2] (Simulator of Usually Requested Geometries) was developed as a lightweight,
user-friendly, and text-configurable tool built on the Geant4 framework, designed to
simplify nuclear detector simulations. Users define the geometry, materials, radiation
sources (including initial decay kinematics from DECAYO [3]), and physics models
through a text-based user interface (TUI), without the need to write C++ code and
recompile the application. Simourg supports the simulation of nuclear and electromagnetic
interactions and provides energy deposition data for calculating detector response
functions. This makes it particularly suitable for low-background nuclear physics
experiments as well as routine tasks in nuclear spectrometry.

= ilgoutput.rcct B output nt_Botl.csv
| Det:1 output_nt_Bot2.csy
| SHLD;1 ot ot B c
¥ | Cover2;1 SR
i]CoveHj : - -, .
lcony: 3 oututt Covert
& |Top1:1 § output_nt_Cover2.csv
| Top2:1 output_nt_Det.csv
| Top3:1 H output_nt_SHLD.cs
| Bot1:1 | output_nt_Top1.csy
1| Bot2:1 output_nt_Top2.csv
% |Bota:1 | output_nt_Top3.csv

Figure 1. Possible variants saving the spectra of energy deposition in different volumes.

Simourg v2.0 introduces several key features designed to enhance flexibility,
usability, and visualization in nuclear detector simulations. Among the minor but useful
additions is the detector intersection checker, which utilizes built-in Geant4 methods to
automatically detect overlapping geometrical volumes.
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A more substantial upgrade is the new readout system, which now enables energy
deposition tracking in any user-defined volume — not limited to the predefined detector.

= ROOT Oibject Browesr —

Erowser |Fse EOt Mew Detons el Help
Files Camas 1 M Edibor 1
raurl}:l-:n',“ - Edep
I . hlemp
4 _ o Effiieot 100
Whaan F8

S Dew 1623

]

- Edep

Filtar MIFileaf**) -

Figure 2. Visualization of spectra using the UI of ROOT (the standard CERN tool for data
processing).

This broadens the scope of applications, supporting tasks such as background studies
and material-specific energy loss tracking. Simulation results can be exported in both
ROOT and CSV formats for convenient post-analysis (Fig. 1). The ROOT output includes
a TTree structure that can be easily navigated using ROOT’s TBrowser, allowing users to
quickly explore deposited energy distributions and event-level data (Fig. 2).

Figure 3. Project visualization using OpenGL.
On the visualization side, Simourg now offers OpenGL-based geometry rendering
with live particle tracking, ideal for debugging geometries and producing clear,
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publication-ready images (Fig. 3). The VRML output system has also been improved —
users can now configure how many VRML snapshots are generated per run, allowing finer
control based on the scale of the simulation.

Finally, the geometry definition has become more flexible: each volume can now be
moved not only along the axial direction but also sagittally, with objects freely rotatable.
This enhancement allows for the modeling of more complex experimental setups and off-
axis geometries, enabling more realistic and diverse detector configurations (Fig. 3), all
while maintaining simple and intuitive geometry control for the user.

[1] S. Agostinelli, et al. Geant4—a simulation toolkit / Nuclear Instruments and
Methods in Physics Research Section A. 2003, Vol. 506, iss. 3, p. 250-303.

[2] V.V. Kobychev, The program SIMOURG for simulating the response functions
of gamma detectors with simple geometries // Nuclear Physics and Atomic Energy,
2011, Vol. 12, iss. 3, p. 301-306.

[3] O.A. Ponkratenko, V.I. Tretyak, Yu.G. Zdesenko, Event generator DECAY4 for
simulating double-beta processes and decays of radioactive nuclei / Phys. At. Nucl.,
2000, Vol. 63, p. 1282—-1287.
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BU3HAUYEHHS KBAHTOBUX BUXO/JIB TAMMA-KBAHTIB
B AJIb®A-PO3MAII U

B. Jle6ens!?, O. Xyxos!, I. Mamok', M. Crpinpuyk!,
B.Tpummn', JI. Toninka-be3mmuiiko?

I Incmumym sioepnux docnionceno HAH Yrpainu, Kuis, Yxpaina
? Kuiscokuil nayionanvnuil ynieepcumem imeni Tapaca Illesuenxa
e-mail: vikysya.lebed@gmail.com

OnxuM 13 HaWOLIBII HAMIWHUX Ta MONIMPEHUX METOMIB 1eHTHU(]IKAIl CUTHATYP
YPAHOBMICHUX MaTepialiB y KOHTEKCTI sSIepHOI OEe3MeKH, HEeCaHKI[IOHOBAHOTO 00iry
AJIEpPHUX MaTeplajiB 1 KPUMIHAIICTUYHOI SJI€PHOI €KCHEPTH3U € raMMa-CIIEKTPOMETPIs
BHCOKOI PO3AUIbHOI 371aTHOCTI. Lleid Meroa [03BoJislEe HE JIMILE BU3HAYUTHU CTYIIHb
30araueHHsl ypaHy 3a JOIMOMOTOI0 ajJrOpPUTMIB, pEATi30BaHUX Y MPOrPaMHOMY
3abe3neuenHi MGAU Tta FRAM, ane Takox 17eHTHU(IKYBAaTH HASBHICTH JOMIIIOK
JIOBIOXKHUBYYHX 130TOINIB, TakMX K 2°*U, Ta 3a MEBHUX YMOB OLIIHIOBATH MOJEILHUN BiK
ypaHy — TOOTO 4ac, 1[0 MUHYB B1Jl OCTAHHBOTO XIMIYHOTO OUMIIICHHS MaTepiamy.

[leHTpalbHUM €JIEMEHTOM LHMX aJIrOPUTMIB € MOOyJ0Ba BHYTPIIIHBOI KpPUBOI
e(eKTUBHOCTI — (PYHKIIi, IKa ONMUCY€ e(heKTUBHICTh AETEKTOPA B 3aJIEKHOCTI B/l €HEPrii
raMMma-BUIIPOMIHIOBaHHS. TpaauliifHO Taka KpuBa (OPMYETbCA HAa  OCHOBI
{HTEHCMBHOCTEH JOOPE BUBUEHUX TaMMa-JiHii i3otomis > U-, 2*MPa- ta 22 Th. [ei miaxin
MOKa3y€ BUCOKY TOYHICTh Y CTAHJAAPTHUX BUMIPIOBAIBHUX KOH(DITyparrisx.

Onnak y BUIAAKaX, KOJIM BUMIPIOBAaHHS TPOBOISTHCS B YMOBax «OJIU3BKOI»
reoMeTpii (TOOTO KOJU 3pa30K PO3TAIIOBAHMMA OyXke OJM3BKO O aKTUBHOTO 00'emMy
JIETEKTOpa), 0COOJIMBO 32 yuyacTi Belukux KpuctainiB HPGe, MoxxyTh NposIBIATHCS CYTT€EBI
cucTeMaTU4H1 NOXMOKHU. Lle 3yMOBIEeHO eeKTOM KaCKaJHOTO CyMYBaHHsI, KOJIU ACKIJIbKA
raMMma-KBaHTIB, BUTYILLEHHUX I11]1 4aC OJJTHOTO PaJl0aKTUBHOIO MIEPEXO1Y, PEECTPYIOTHCS K
OJIHa MOJIs 3 cymMapHOIo eHeprieto. Takuii ehekT Npu3BOAUTH 10 CHOTBOPEHHS CIEKTPY 1,
SK HACJIJIOK, 0 HEKOPEKTHOTO MO0y TyBaHHS KPUBOi €EKTUBHOCTI.

[I{o0 3MEHMMTH BIUIMB KAacCKaJHOTO CYMYyBaHHS, JOLIIbHO BUKOPHUCTOBYBATU
aNMbTEPHATUBHUM MiIX11 — MOOY0BY €(heKTUBHOCTI Ha OCHOB1 HEKACKaHUX raMMa-JTiHI’
isorony U y mianmasoni enepriii 200-350 xeB. Y npomy x miamasoHi MOXyTb OyTH
BUOpaH1 HaA1H1 aHANITUYHI JIHIT ISl HOJANBIINX PO3PAXYHKIB.

[IpoTe peanizailis 1HpOTO MiAXOAY MNOTpeOye TOYHUX 1 JOCTOBIPHHMX 3HA4YCHb
KBAaHTOBHMX BHUXO/IIB BIAMOBIAHUX TamMMa-iHik. Ha *anb, cydacHi jiTepaTypHi JKepela
HAJAl0Th 1aH1 3 CyTTEBUMHU HEBU3HAUECHOCTSMH, 1110 CTBOPIOE TPYAHOIII Il BACOKOTOYHOT
CIEKTPOMETPIi, 0COOIMBO B 33a/1a4aX KPUMIHATICTHYHOTO aHATI3y.

3 METOI TIABUINEHHS TOYHOCTI TaKWX JIOCHIDKEHb aBTOPH BHKOHAIA
eKCIIEpUMEHTAIbHY Bepu(iKallilo KBAHTOBMX BHMXOIIB raMMma-kBaHTiB >>°U HIIIXOM
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NpsIMUX BUMIPIOBaHb €TAJIOHHUX YpaHOBUX 3pa3kiB CRM-146 36arauennsm 20 — 93% nHa
HPGe-gerextopi CANBERRA BE6530.

JI)1si yHUKHEHHS KacKaJHOTO CyMyBaHHS raMMa-JIiHIA BUMIPIOBAHHS ITPOBOIAIIOCH
Ha BeJUKii BiactaHi (750 MM) AETEKTOP-3pa30K 3 BUKOPUCTAHHSIM MOTTIMHAIOYMX IIapiB
Cd, Cu i Al. BukopucranHs ypaHOBHUX CTaHAAPTIB 3 TOUHO Bimomumu (= 0.1 %) macamu i,
BIJIMOBIAHO, aKTUBHOCTSIMHU 130TOIIIB YpaHy, JO3BOJIMIO MOOYIyBaTH KPUBY aOCOJIFOTHOT
e()eKTUBHOCTI peecTpamii ramMMa-kBaHTiB 3a izoromamu 22U i 23U, Lla xpusa Oyna
JIOTIOBHEHA BiTHOCHMM KaliOpyBaHHAM 110 €(peKTHBHOCTI 3a i3oTonamu 228Th Ta ?>*Ra.

st po3paxyHKy edEeKTHBHOCTI pEecTpallii raMMa-KBaHTIB 3 EHEPrisiMH, IO
JOCITIIKYBAJIMCh, CTBOPEHO MOJIETi €KCIIEPUMEHTY 3 BUKOpuUcTaHHSIM KoJiB MCNP [1] i
Geant4 [2]. Jns Bepudikamii MOAEIbHUX 3aJ€KHOCTEW €(EKTHBHOCTI peecTpalii Bij
eHeprii raMMa-KBaHTIB TPOBEICHO IOPIBHSHHS 3 CKCIECPUMEHTAIBPHUMH 3HAYCHHSIMH
€(EeKTUBHOCTI B PETIEPHUX TOUYKAX.

VY xoai gocnipkeHb Oyj0 BHUSIBJICHO, IO JEsKI 3HAYCHHS KBAHTOBHX BHUXOJIB
CYTTEBO BIIPI3HAIOTHCA BiJl TaOIUYHUX [3] — 1HOJI HAa COTHI BIJICOTKIB, IIIO0 BKa3ye Ha
noTpeOy neperisay ICHyroUnx 0a3 1aHux.

VY npencraBneHid poOOTI AOKIAIHO OMUCAHO METOAMKY BHUMIPIOBAHb, HAJaHO
MOPIBHSIBHY TaOJHWITI0O MK €TAJOHHUMH Ta EKCIICPUMEHTAIbHUMU 3HAYCHHSIMHU
KBaHTOBUX BHXOMiB y miama3oHi 200-400 keB mis ramma-minmii >°U, a Takox
MIPOAHAJII30BaHO MOKJIMBI JXKEpeIia po301KHOCTEH, 30KpemMa BILTUB reOMeTpii, KaCKaJHOTOo
1 BUIIQJKOBOTO CYMyBaHHS TaMMa-JiHINA Ta CUCTEMAaTUYHUX MOXUOOK KaiaiOpyBaHHS IO
e(hEeKTUBHOCTI.

OTpumaHi pe3yapTaTH MalOTh NMPAKTUYHE 3HAYCHHS IS MIiABUIICHHS TOYHOCTI
HEpPYHHIBHOTO aHAJI3y ypaHOBUX MaTepiaiiB, onTUMI3allli anroputmiB nporpam MGAU
ta FRAM, a Takox sl MOKpalmeHHsT METOJIB IJeHTU(IKaIli 130TOMHUX JOMIIIOK Yy
paMKax epHOI KpUMIHAIICTHKH.

[1]N. X. Hu, S. Fetter. Gamma-ray spectrometry for determining uranium
enrichment. Journal of Radioanalytical and Nuclear Chemistry, 276(2), 2008, pp.
289-295.

[2] 1. S. Agostinelli et al. Geant4 — a simulation toolkit. Nucl. Instrum. Meth. A
506(3) (2003) 250.

[3] E. Browne, J. K. Tuli. Nuclear Data Sheets for A =231. Nuclear Data Sheets 114
(2013) 751-840.
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EMICIVHI BJACTUBOCTI AMIHOKUCJIOTH I130JIEHIIUHY
Y TA30BOMY PO3PAAI

O. INanmn, €. CeiTIMYHHI

Inemumym enekmponnoi @izsuxu HAH Ykpainu, Yorceopoo
e-mail: berchenil4@gmail.com

BcebGiune Ta rimMOOKe  BHUBUEHHS — €JIEMEHTApHUX  MPOIECIB  B3AEMOJIIT
HU3BKOCHEPTeTUYHHUX EJIEKTPOHIB 3 PI3HUMHU Oi0MOJIEKyJIaMH, 30KpeMa TaKUMH, SKi
BxoaiTh 10 cTpykTypu JJHK 1 PHK >xuBux opranizmis, € ayxe akTyaiabHuM. Bigomo, 1o
BIUIUB 30BHIINIHBOTO ONpoMiHEHHS ((hOTOHM Ta €JEeKTPOHM BHUCOKHX EHEpriH,
PEHTIeHIBChKI MPOMEH1, 1HIIN BHUAM pajiaiii) Ha Taki Ol0YaCTMHKU NPU3BOAUTH [0
YTBOPEHHSI HOBHX CTPYKTYp, SIKI HECYTh y COOl BaXKJIMBY 1H(MOPMAILIIO TPO MOBEAIHKY
010XIMIYHUX MPOLECIB HA KIIITUHHOMY PIBHI.

AMIHOKHMCIIOTH BIAIrpalOTh MPOBIAHY POJdb Yy SKUTTEIISJIBHOCTI OpPraHi3My sIK
CTPYKTYpH1 OJIOKM IPOTEiHIB Ta MPOMIKHI €JIEMEHTH MpoLeciB 0OMIHY pedyoBUH. OKpiM
ydacTi y moOy/10B1 KJIITHH Ta Y BITHOBJICHHI TKAHWH, BOHU TaKOX CIPUSIIOTh BUPOOJICHHIO
AHTUTLI, IO MPOTUAIIOTH BTPYUAHHIO BIPYCIB 1 OaKTepiil y >KUBUH opraHizm [1].

[3oneiiia  — amiaTuyHa 0-aMiHOKMCIOTA, IO Ma€ XIMIYHY QopMyity
HO,CCH(NH;,)CH(CH3)CH,CHs 1 BXOauTh 10 CKJIaAy BCIX HPUPOAHUX OUIKIB. €
HE3aMIHHOIO aMIHOKHUCIIOTOIO 3 PO3Taily>KeHUM JIAHIFOTOM. A II€ 03Hayae, 110 130J1eHIIUH
HE MOK€ CHUHTE3YBaTHCSl B OpraHi3Mi JIFOJWHU 1 MOBUHEH HAJIXOJUTH J0 HHOTO 3 DKEIO.
[3onelinun Oepe ydacTb y €HEpPreTMYHOMY OOMiHI. Y Horo ckiaai € OJHOBaJeHTHA
¢dynkmionansHa aminorpyna (-NH,), ska 3B’si3aHa 3 aToMOM BYIJICIIO pPa3oM 3
kapOokcuibHOIO Tpymnoto (-COOH), 1 Moxke AucolioBaTH 3 YTBOPEHHSIM IMPOTOHA Ta
anioH-pparmenta (COO").

ExcniepuMeHT BUKOHyBaBcs Ha ycraHoBll «I1nasmay [2]. [ToB310BXHIM IMITy ICHO-
NepioUYHUN Ta30BUH pO3psi 30Y1KYBaBCsI 3 BAKOPUCTAHHIM THPATPOHHOTO TeHEpaTopa.
B ekcnepuMeHTI BHUKOPHCTOBYBAaJIaCh yHIBEpcalbHa Tra3opo3psiiHa Kamepa, sKa
CKJIaJlaJlachb 3 KBapIllOBOi TPYOKH MOBXKHUHOKWO 15 cM 1 giamerpoM 4 CM, BaKyyMHHUX
MPOKJIA/IOK, JIETEKTPUYHUX (PJIAHINB, YHIBEPCAIbHUX BHCOKOBOJBTHUX BXO/IIB,
METaJIeBUX EJIEKTPOIB 3 PEryJbOBAaHOI MIKEIEKTPOIHOIO BiJCTAHHIO, IIMMJIBOK IS
¢ikcamii. B excnepumenTi Hanpyra Bunpsimiisida cranoBuiia 0.8 kB 1 cepenHiit ctpym
Bunpsmiisida — 0,24 A. 3HaueHHs HaKONMUYyBaJIbHOI €MHOCTI cTaHOBWIO 1650 nd mpwm
yactoTi moBTopeHHsi 3 kl'n. Temmeparypa Ha mnoBepxHi kamepu ckiagaina 200°C,
KOHTpPOJIb TEMIIEpaTypy 3A1MCHIOBABCS 3a JOMOMOIOI0 MOPTATUBHOIO 1H(PPAUYEpPBOHOTO
MipOMeTpa.

CrexkTpalibHI ~ XapaKTepUCTUKH  BUIPOMIHIOBAHHS IJIA3MH  PEECTPYBAIHCS
MoHoxpomatopom MS 75041 ¢ipmu SOLAR, mo 3abe3nmedyBasio HOCIIIKECHHS
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BUIIPOMIHIOBaHHS Ta30pO3PANIHOI IJIa3MHU B IIMPOKiM oOnacTi JoBXHH XBWib 200 —

1100 aMm.

[lepuri ekcriepuMeHTaNbHI Pe3yIbTaTH 30y IKEHHsI CIIEKTPaIbHUX JHIHN T1a3MOBO1
CyMillll MapiB 130JelnHy 06e3 BUKOpUCTaHHA OydepHoro razy (uepe3 HecTaOlIbHICTH
pO3psay) IpencTaBiieHi Ha puc. 1.
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Puc. 1. Cnextp BUIPOMIHIOBaHHS 130JICUITUHY Y Ta30BOMY PO3PS/IL.

SAx BUOHO y CHEKTpPl CHOCTEPIraloThCs YITKI BY3bKl CIEKTPaJibHI JiHIT PI3HOI
IHTEHCHBHOCTI Ha JoBkuHaxX XBuib: 380, 420, 660, 770 ta 775 (nBa ayke OJM3bKI ITIKH),
930 Ta 940 um. Ha criekTpi Takox BuaHO 6 mupokux moioc: 430-500, 500-550, 550-575,

575-620, 620-700, 700-900 HM™.

Ha namry aymMKy npupoja mMux CHeKTpPaJIbHHUX JIHINA MOB’A3aHa 3 (parMeHTaIler
JOCJIIKYBaHOT MOJICKYJIH 130JICHIIUHY, sIKa B1I0YBAETHCS M J1€10 BUCOKOCHEPTETUUHUX
€JIEKTPOHIB Y IJIa3Mi MO3/I0BXKHBOTO IMITYJIbCHO-IIEPIOAUYHOTO PO3PALLY.

[1] Jalkanen K., Elstner M., Suhai S. Aminoacids and small peptides as
buildingblocks for proteins: comparative theoretical and spectroscopic studies // J.
Mol. Struct. (Theochem).— P. 61-77.-V. 675. — 2004.

[2] T'enepan A.A., Ceitnuunuit €.A. JlocoipkeHHS JTIOMIHECIICHITT 010MOJIEKYT B
ra3oBOMy po3psi Hu3bkoro TUCKY // Te3u momomimeit MikHapoaHoi koH(epeHiii
CTYJICHTIB 1 MOJIOAMX HAYKOBIIIB 3 TEOPETHYHOI Ta EKCIEPUMEHTAIBbHOI (Di3UKH
«EBpuka-2023». - JIsBiB, Ykpaina. - 16—18 tpasus 2023. - C. B2.
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BUXOJU I30TOMIB IAHTAHOIAIB (Sm, Dy, Ho, Yb)
IPU MO ALJII 233U

I1.C. lepeukeit, 3.M. biran, I1.I1.I1yra, M.C. JIsmios, B.T. Macmtok

Inemumym enekmponnoi @isuxu HAH Ykpainu, Yorczopoo
e-mail: derecskei89(@gmail.com

JlanTanoimu dopmyroTs Tpymy pigkozemenbHux enemeHTtiB (P3E), mo wmaroTh
BIJIHOCHO Majuii BMICT y 3eMHii Kopi (~ 1-10 9acTHHOK Ha MUIBHOH), IPOTE BAXKITHBE
CTpaTeriuHe 3HAa4yeHHsA. IX KkiacuQikalis IPOBOJMTLCA 332 ATOMHHMH HOMEPAMH.
Buninstors nerki P3E 3 atomuumu HOMepamu Bif 57 no 61, a eneMeHTH 3 aTOMHUMHU
HOMepaMu 62 1 OUTbIIE PO3TIISAAIOTECS K BaXKKi. Y MPUPOJI1 BOHU MOLIMPEH] Y BUTIISAIL
CJIIIOBUX JIOMIIIOK, TOMY JJisi iX OTpUMaHHS HEoOXiJHa repepoOKa 3HAYHOI KUTBKOCTI
CUpPOi pyau 3 BeaUKUMH BUTpataMu. P3E MUPOKO BUKOPUCTOBYIOTHCS Y BUPOOHUIITBI
Ja3epiB, PI3HOMAHITHUX EJEKTPOHHUX KOMIIOHEHT, MArHITIB, SIACPHIA €HepreTuil. Y
anepHo-pizuuHuX AochipkeHHsx iHTepec 10 P3E 00yMoBieHuil HasBHICTIO psIy
130MEpHUX CTaHIB, BUBUCHHS SIKUX BAXXJIUBE JUIsl PO3YMIHHS CTPYKTYPH iX SJEPHUX PIBHIB
Ta MPUPOJH IX CTIUKOCTI.

VY naHiit poOOTI MPEACTABICHO PE3YJIbTaTH PO3PAXYHKIB BUXO/IIB 130TOMIB Sm, Dy,
Ho, Yb npu noxini sapa %U B paMkax CTaTHCTHYHOTO METOAY, 3alPOIOHOBAHOTO B
po6orTi [1]. Bukopucrano naket NuFi, sikuif BpaxoBye napameTpu HOJILUTy BUXITHOTO siapa
238U: apepny temmnepatypy, T, Ta MOKIMBICTB eMicii gk GeTa-4aCTHHOK, Tak 1 HEUTPOHIB
MOJLTY. ATOPUTM PO3paxyHKIB Iepeadadae eTar CTBOPEHHS aHCAMOJIIO BCIX MOKIIMBUX
2-X yJIaMKOBHUX KjacTepis mpu noxinmi supa 23¥U, pospaxyHok WMOBIpHOCTI iX peaizamii
Ta MPOIEAYPY BUILIEHHS 3 1IboTO aHcamoOito 130ToniB P3E 3 ¢popmyBaHHsAM iX MacoBHX
criekTpiB. {151 KOKHOTO 3 IIUX 130TOIIB MOXHA BCTAHOBUTH ONTUMAaJIbHI HAOOpHU {{Z,Z },

AKi BUPAaXOBYIOThCS 3 MozeNi piakoi kpamm. Tak, aus Sm — Z=62, 3HaueHHs A ~ 152,
crabinpHuMu € isoromu A=144, 150, 154; nna Dy — Z=66, 3HaueHHs A4 ~ 162,
cTabinpHUMU € i30Torm A=158, 160-164; nuas Ho —Z=67, 3Hauenns A ~ 164, ctabinsHUM
€ i3oton A=165; i1 Yb — Z=70, 3HaueHHs 4 ~ 170-173, crabinpHuMH € i30Tonu A=168,
170-174.

8,5
8,01

7,5

7,0

bond energy per A

6,5 -

120 140 160 180 200 220 240
A
Puc.1 Macosi criektpu nutomoi eHeprii 38’ 3Ky i3otoniB P3E Sm, Dy, Ho, Yb, orpumasi 3 [2].

151



IED-2025 IEP-2025
Yxropon, 20-23 tpasast 2025 Uzhhorod, May 20-23, 2025

Ha Puc.1 npeacraBieHo 3ai1eXHOCTI TUTOMOI eHeprii 3B’ 513Ky 130ToniB Sm, Dy, Ho,
Yb, nmobynoBani 3 BUKOpUCTaHHAM 0Oa3u jaHux [2]. I'padiku BimoOpakaroTh BiAOMY
TEHJICHITi}0 — 3MEHIIICHHSI TUTOMOI €HEPTii 3B’ 3Ky 31 301JIBIICHHSM aTOMHOT MacH 130TOITY
Ta 3MIIIEHHS TIPH I[bOMY MaKCUMYMIB ITUX 3aJISKHOCTEH B 007acTh BUIMUX A. SIK BHIHO,
MaKCUMyMH ITUX 3aJIeKHOCTEH HE 3aBXIM CITIBIIAIAl0Th 13 ONTUMAJILHUMU 3HAYCHHIMU
aTOMHHUX Mac, BCTAHOBJICHUX 3T1HO MOJIEIII PIAKOI Kparuli, 9u CTablIbHHUX 130TOIIB, IO €
y 3emHiii kopi. lle moB’s3aHO 3 BIUIMBOM pi3HUX (HAKTOPIB — MariyHUX YHCEI
npotoHiB/HeWTpoHiB 20, 28, 50, 82 Ta 126, micaamoAinpbHOI eMicii SAepHUX YaCTHHOK,
TEeMIIepaTypyu MOAUIBHOTO siipa, a TaKOoXk XIMIYHMX BIJIACTUBOCTEH CEpeIOBHINA, €
nepebysarots P3E. Ha Puc.2 npeacrapieHo sk 3apsaaoBUil CEKTp yiaaMKiB moziny 238U,
Puc.2 a), Tak i MacoBi ciextpu izotomis P3E, ski yreoprorotses mpu noxin 2*¥U. Bugno
CIUIbHI 3aKOHOMIPHOCTI, IO CIIAYIOTH 13 X rpadikiB: Buxoau P3E 3MeHuyoThCs npu
30UIBIIICHH] 1X 3apsI0BOT0 uncia Z. BUaHO Takok, 110 31 301UIBIIEHHSAM X Z, MAaKCUMYMH
MAaCOBUX CIEKTPIB 3MINIYIOThCS B 00JACTh MEHIIUX AaTOMHHUX Mac, IO BIIMOBIIAE
MIPEACTABICHHSIM MOJIEII P1JIKOT Kparuii.
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Puc. 2. a) — 3apsaoBuii crextp ynamkis noainy 23*U, snepHa Temneparypa HoJiabHOTO sapa
T=1 MeB; 6) — macoBi cnextpu i3otonie P3M Sm, Dy, Ho, Yb npu nozini >**U, Buxomu
HopMoBaHi Ha 100 %.

TakuM 4MHOM, METO[, 3alpPONOHOBAaHUN B poOOTI [1], 103BOMSIE pO3paxoByBaTU
Buxoau P3E mpu mosini Baxkux sijaep, mo GopMyroTh XIMIYHUHN CKJIaJ] 3eMHOI KOopH. Taki
PO3paxXyHKH MOXYTh OyTH KOPUCHUMH ISl TOSICHEHHS IX KIJBKICHOTO CKJIaay Ta
MOIIMPEHHS Y BUTJISIII CI1OBUX JOMIIIIOK.

Aptopu Basuni B.FO JlenucoBy 3a copusiHHS y MpPOBEICHHI PO3pPaxyHKIB,
MPEACTABJICHUX Y Iii pOOOTI.

[1].V.T. Maslyuk, O.0. Parlag, M.I. Romanyuk, O.I. Lendyel, O.M. Pop
Transformations of actinides fission product yields due to post-scission emission of
nuclear particles: 232Th, Canadian Journal of Physics, V.99, #11, 2021,
https://doi.org/10.1139/cjp-2020-0356.

[2]. M. Wang et al. The AME 2020 atomic mass evaluation (II). Tables, graphs and
references // Chinese Phys. C. 2021, v. 45, Ne 3. DOI 10.1088/1674- 1137/.
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CUCTEMA ABTOMATHUYHOTI O IIEPEKJVIAZTY HAYKOBHUX TA
HABYAJ/IBHUX TEKCTIB

M. O. Ixonnikos, JI. O. I'ominka-be3mmiiko, O. A. be3mmiiko

Kuiscvkuu nayionanonuu ynisepcumem imeni Tapaca Illesuenka, Kuis, Yxpaina
e-mail: a.galstyanl999@gmail.com

Y cydacHHMX yMOBaxX CTPIMKOTO PO3BHUTKY HAayKOBUX JIOCHITKCHb €(QEKTUBHUI
JOCTYTI IO CBITOBO1 JIiTepaTypu 0a)kaHO OfepKaTH He JIUIIIE IBHUIKO, aJie i 3 6e30raHHOI0
KOPEKTHICTIO TEPMIHOJIOTIi, 10 OCOOJMBO BAXKIMUBO JUISI MEIUYHOI (PI3MKHU, JI€ KOKEH
HETOYHUI MepeKyaJ MOXKE BIUIMHYTH Ha pe3yJibTaTh IMPOMEHEBOI Tepamii B JIIKYBaHHI
OHKOJIOTIYHMX 3aXBOPIOBaHb Ta PEHTreHOAlarHOCTHKM [1]. 3anponoHoBaHa muiatgopma
ycyBae MOBHHI Oap’ep 1 3a0e3medye mepcoHaTy KIIHIK, JOCHIIHUKAM Ta CTyJACHTaM
3pY4YHHMI 1HCTPYMEHT JJI 1HTErpalii HOBUX BIAKPUTTIB y JIIKyBaJbHUN Ta HaBYAJIbHUI
poliec.

Buxopucranus miar@opMu € 0OCOOJMBO BaKJIMBUM Yy HaBYaJbHOMY MPOLECI,
OCKUIbKM JI03BOJISIE CTYJEHTaM OIpallbOBYBaTH HaBYaJbHI Marepiajii 1HO3EMHUMH
MOBaMH, 30KpeMa Cy4yacHl MiIPyYHUKH, HAYKOB1 CTATTI Ta METOAUYHI pexomeHaarii. Lle
CHpUs€ PO3IIUPEHHIO AOCTYIY O aKTyaJlbHUX 3HaHb, MiIBUILEHHIO PIBHS MIATOTOBKU Ta
PO3BUTKY HABUUOK CaMOCTIHHOI poOOTH 3 HAyKOBUMHU JIKEpESIaMU CBITOBOT'O PiBHSI.

3aBaHTaXEHHS JTOKYMEHTa 3I1MCHIOETbCS Yepe3 IHTYITMBHO 3pO3yMiIvil BeO-
iHTepdeiic Ha 0a31 Django, mo miatpumye PDF (sik 13 TeKCTOBMM mIapoMm, Tak 1 31
ckaHoBaHUM 300paxkeHHs M), DOCX, TXT abo 300paxkeHHs] cTOpiHOK. s mepeBipku
KOPEKTHOCT1 BBEICHHS 3aCTOCOBYEThCS KIIIEHTChKUM JavaScript.

OOpoOKka TEeKCTy MOYMHAETHCS 3 ABTOMAaTUYHOTO BUTATY JAAHMUX: TEKCTOBUU IIap y
PDF anamizyerbcs 3a gomomororo python.docx, a ckaHoBaHI 300pakK€HHS — dYepe3
Tesseract OCR abo EasyOCR nans To4HOrO poO3Mi3HaBaHHS CHMBOJIB 1 30epeKeHHs
CTPYKTYpH AOKYMeHTa [2]. OTpUMaHHil KOHTEHT MOTIM NPOXOAUTh aHaji3, MiJl Yac SIKOTo
ABTOMATHUYHO BU3HAYAIOTHCS PO3ALIM, 3aroJOBKH, ab3aly, MANUCH O UIIOCTpalliid Ta
Ta0auIl;, pe3ysbTaT npeacrasieHuit y gopmarax HTML 1 JSON.

s mepexyiagy TEKCT MaKeTYEThCS Ta HAACHIAETHCS 0 JIOKAIBHO PO3TOPHYTHX
mozeneir MarianMT 1 TS5, sxi MOXyTh JOHABYATHUCS HA CIEIIalI30BaHUX KOpIycax i3
Meau4yHOi (I3MKH, MaTeplaJo3HAaBCTBA, OIOMEIUIIMHU, €KOJIOTii Ta imKeHepii. Takwii
M1IX1] TO3BOJISE aJaNTyBaTH CUCTEMY 1] P13H1 HAYKOBI IUCHUIUTIHU Ta OCATaTH BUCOKOT
TOYHOCTI BIAITBOPEHHS TepMiHOJIOTI (moHaa 96 % micns qoHaBuaHHs) [3].

3 MeTor0 00pOOKHM BEIMKHUX JOKYMEHTIB y (DOHOBOMY PEXKHMI BUKOPUCTOBYETHCS
Celery 3 OpokepoMm Redis, mo rapantye wmacmtaboBaHIiCTh 1 HamiliHICTh. Craryc
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BUKOHAHHS 3aBJIaHHS B1J0OpakaeThbCs B pealibHOMY 4Yaci 3a gornomoroto Django Channels
1 WebSocket, Hagatoun kopucTyBauy MOCTIHHI 3BOPOTHUIA 3B 30K [4].

[Ticnst 3aBepiIeHHS MEpeKiIaay KOPUCTyBad OTPUMYE JOCTYI JO 1HTEPAKTUBHOTO
penaktopa Ha HTMLS, ne noctymHe neranbHe pefaryBaHHS KOXXHOTO a3aily,
BIIHOBJICHHSI TIOTIEPEIHIX Bepcii 1 aBTo30epekeHHS 3MiH y 0a3i PostgreSQL 3
BepcioHyBaHHsAM. ['oTOBHII nepeknan MoxkHa excriopryBatu y PDF, DOCX a6o JSON.

3axucT naHux 3abe3neuyerbes yepe3 ayreHtudikamiro Django Auth 1 goctym 1o
(dailyliB Mae JIMIIe BJIACHUK; yCl MeTajaHi 30epirarotbes y ¢aisioBOMy CXOBHII abo
S3 - cyMiCHOMY CXOBHIIII.

[Tnardopma 0cobIMBO KOpUCHA SIS CTYJIEHTIB Ta IEPCOHATY MEANYHOT (DI3UKU TPU
JMIKyBaHHI OHKOJIOTIYHUX 3aXBOPIOBaHb, JIONIOMAararo4M 1iM oOIMaHyBathd (paxoBy
TEPMIHOJIOTIIO Ta 3pO3YMITH Marepiainu 3apyODKHUX KOJIET — B YKpaiHy 3aBO3UTHCS
BEJIMKA KIJTBKICTh HOBOI TEXHIKH, 3apyOXKHI CHEIIaiCTH HA/Ial0Th Y BIAKPUTUN JAOCTYI
BEJIMKY KUIBKICTh HOBITHBOI HaBYaJbHOI JIITEpaTypu, ajie MepeBa)kHa 11 KIJIbKICTh
aHTJIIHCHKOI0 MOBOIO, 110 P13KO YCKJIQJIHIOE 1 3AaCBOEHHS IEPCOHATIOM CTAPIIOTO BIKY, SIKI
OTpUMyBaiu 0a30BY OCBITY IlI€ B PAJSHCHKUN YK MOCTPAJSIHCHKUNA TEpio] — MOTpiOHA
MOCTaHOBKA Ha MOTIK MAaCOBHX MEPEKIIAJIiB HAa YKpaiHCbKY MOBY HaBUaJbHHX Jpkepen. Ha
1Ie COpsIMOBaHa, B MeEpuIy 4epry, Hama podora. KpiM TOro, MOXJIMBICTh JTOHABYAHHS
HelipoMepex mij cnernudivHi 3aBlaHHs BIJKPUBAE MEPCTICKTUBH JIJIs afanTallii CHCTEMU B
THIINX TaTy3sX HayKU.

[Ipouiec nonaBueHHs HeWpomojeni TS5 Bkiaroyae 30ip TEKCTIB, 3reHEPOBAHUX
ChatGPT, ta dopmyBanHs mapanenbHUX KOpHyciB s HaB4aHHS. Cro4aTKy BeHKI
00cAry reHepaTUBHUX TEKCTIB KOMOIHYIOThCS 3 PO eCIHHUMHU TIEPEKIIa0M, CTBOPEHUMU
(haxiBISIMHU, 1110 T03BOJISIE MOJIEI1 OCBOITH KOHTEKCTHO-CIIEU(PIUHY JeKCUKY. [1icis 1iporo
MPOBOJIUTHCS TOHKE JOHABYAHHS Ha IMX TNapaliebHUX JaHUX 3 ONTHMI3aIli€ro
rineprnapaMeTpiB Ta NepeBIpKoro AkocTi 3a nonomororo Merpuk BLEU ta ROUGE.

AHaNOTIYHUHN MiJIX1] MOKe OyTH 3aCTOCOBaHUH y PI3HUX HAYKOBHX Taly3siX — BiJ
acTpoHOMII Ta KiIiMaTojorii g0 MarepiajJio3HaBCTBa Ta (apMakojorii Jyuis ajamrtariii
nepexIaay mi cnerudiky TePMIHOJIOTIT Ta CTHIIICTUKU KOKHOT TUCITUTITIHY.

CroponHe myOJIigyHe pO3MOBCIOKEHHS TIEPEKIIaIeHUX MaTepiaaiB MOXKJIMBE JIUIIIC
3a MUCHbMOBOIO 3T0/I0K0 MPABOBJIACHUKIB.

JocnixeHHs: 4acTKkoBo miaTpumaHo (pinancyBanHsM HOJ[Y B pamkax mpoekty
«Bupimenns cydacHux npoOsiem xiMmii, OioMeIuUUHU, (I3UKKA Ta MaTepiajJo3HaBCTBA 3
BUKOPHUCTAHHSM IICHTPY BHCOKOIIPOJYKTHBHUX OOYHCIICHb 1 MAIIMHHOTO HaBYaHHS»,
peectpaiitauii Homep 3asBku 2023.05/0024, (Konkype «Jlocnigauipki iHGpacTpyKTypu
JUTSI TIPOBEICHHS TIEPEI0BUX HAYKOBUX JAOCTIHKEHB ) Ta TPOEKTY «I1iBHUIIEHHS SKOCTI Ta
Oe3reky TpH TPOBEICHHI TPOMEHEBOI Tepamii OHKOJIOTIYHMX 3aXBOPIOBaHb 1
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PEHTIeHOA1arHOCTUKWY 3a peecTparitnum HomepoMm 2021.01/0211 (konkypc «Hayka nis

Oe3MeKH Ta CTaJoro PO3BUTKY YKpaiHm»).

[1] Tesseract OCR Documentation. https://tesseract-ocr.github.io/
[2] Django Project Documentation. https://docs.djangoproject.com/en/5.2/

[3] Hugging Face Transformers
Guide.https://huggingface.co/docs/transformers/en/index

[4] Hugging Face TS Documentation.
https://huggingface.co/docs/transformers/en/model doc/t5
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REFLECTIONLESS METASURFACES: FROM TRANSVERSE-
ELECTRIC BREWSTER EFFECT TO PERFECT ABSORPTION

Tymofii Shudra', Oksana Mankovska?, Artem Hrinchenko®,
Oleh Yermakov?*

ISchool “Basis”, Kyiv, Ukraine

’Ivan Franko National University of Lviv, Lviv, Ukraine
V. N. Karazin Kharkiv National University, Kharkiv, Ukraine
*Leibniz Institute of Photonic Technology, Jena, Germany
e-mail: timofiishudra@gmail.com

Brewster’s angle assumes the zero-reflection in transverse-magnetic (TM)
polarization, in other words, it 1s the angle at which unpolarized light becomes linearly
polarized in reflection, namely, transverse-electric (TE) polarized [1]. The Brewster-
induced polarization control is widely used in photography, antireflective coatings,
microscopy of monolayers, etc. The Brewster effect has long been associated with
transverse-magnetic polarization. However, recent advances show that carefully designed
nanostructures can affect the Brewster effect in both transverse-magnetic and transverse-
electric (TE) polarizations [2,3]. This work explores how plasmonic metasurfaces can be
engineered to control the TE Brewster angle, allowing for complete suppression of
reflection at specific conditions. By developing an analytical model and supporting it with
full-wave numerical simulations, we demonstrate how surface conductivity influences the
Brewster angle and how it can be tuned for different applications.

Using Maxwell’s equations, Ohm’s law, and boundary conditions for the tangential
components of electric and magnetic fields at the interface, we derive modified Fresnel
equations that incorporate surface conductivity to describe the reflectance (R) and
transmission (7) for TE-polarized light interacting with a two-dimensional conducting
layer. We describe the metasurfaces via the two-dimensional (generally, anisotropic)
surface admittance tensor obeying Drude-Lorentz model. The zero-reflection in TE
polarization cannot occur at a conventional interface between dielectric materials but can
be observed when a surface conductivity term is introduced. Numerical simulations
confirm our analytical predictions, showing that by carefully designing the surface
properties of a metasurface, one can completely eliminate reflection for TE polarization.
Namely, we derive two operational regimes of reflectionless metasurfaces: the generalized
TE Brewster phenomenon (R = 0, 7'# 0) and the perfect absorption (R = 0, 7= 0).

The ability to manipulate the Brewster angle in TE polarization opens new
opportunities for flat optical and photonic polarization devices. The potential applications
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include polarization transformers, optical isolators, antireflection coatings and
biodetectors.

The authors would like to thank the Ukrainian Optical and Photonic Society, the
SPIE and Optica student chapters in the V. N. Karazin Kharkiv National University for the
organization and support of the scientific projects for the high-school students.

[1] A. Lakhtakia, Opt. News 15(6), 14 (1989).

[2] X. Lin et al., Phys. Rev. A 94(2), 023836 (2016).
[3] O. Yermakov, Phys. Rev. A 109(3), L031502 (2024).
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OCOBJUBOCTI MAC-COEKTPOMETPIi TAYPUHY
B T'A3OBIM ®A3I

O.B. ITamm, A.M. 3asinomyno, €.10. Pemeta

Inemumym enekmponnoi @izsuxu HAH Ykpainu, Yorceopoo
e-mail: pappalex13@gmail.com

MerToro nocnigxeHHs OyJ0 BCTAHOBJICHHS IMOPOTOBUX 3aKOHOMIPHOCTEH B3a€MO/II1
MOBUIBHUX MOHOCHEPIeTUYHUX EJIEKTPOHIB 3 MoOJeKynamMu TaypuHy. Taypun (2-
aMIHOETAaHCYJIb(OHOBA KUCJIOTa) — II€ YMOBHO HE3aMiHHA aMiHOKHCIIOTA, sSKa BIIIrpae
BOXJIMBY POJIb y 0araTtbox (hi310JIOTIYHUX Mpoliecax, 30KpemMa B Perysiii OCMOTHYHOTO
OajlaHCy, aHTUOKCHJIAaHTHOMY 3aXMCT1 Ta MOJYJISIIIIT 10HHUX MOTOKIB y KJIiTUHAX. BiH He
BXOJIMTb JI0 CKJIay OUIKIB, aji€ HasIBHUM Y BUIbHOMY CTaHl y TKAHMHAX CCaBIIiB, 0COOIMBO
B Ceplli, MO3KY Ta CITKIBII oKa [1].

ExcriepMeHT mpoBEIEHO Ha YCTAaHOBIII 3 MOHOTIOJIBHIUM Mac-CIEKTPOMETPOM, IO
J03BOJISIE B €IMHUX YMOBaxX OTPUMYBATH SIK Mac-CHEKTPH, Tak 1 (PyHKIi 10HI3amii Ta
JIMCOIIaTUBHOT 10H13a11ii. Y cTaHOBKa BKJIIOUajia BAKYYMHY KaMepy 3 TypOOMOJIEKYIISIPHOIO
nommoro (500 71/c), mKepesno MoJieKysipHoOro my4ka (KyT 90° 10 eneKTpoOHHOTO My4yKa) Ta
CUCTEMY HaIlyCKy JOCIIIKyBaHOro ra3y 3a gonomororo CHA-2. Po6ouuii THCK CTAaHOBUB
8107 I1a. KanibpoBKy IIKaIM eHepriii BUKOHYBAJIM 3a ioHizaniiinumu kpusumu Xe, H,O
Ta N,, MOTEeHIau 10H13alli BU3HaYEHO 3a aliroputMoM Mapkyapara-JleBenOepra [2].

EneprerrnyHi 3a1eXHOCTI NEpepi31B 10H13alll]l Ta JUCOLIaTUBHOT 10H13a1[li OTPUMAaHO
y miana3oHi 5-30 eB 3 akieHTOM Ha MOPOTOBI 3HAYEHHS ISl oKpeMux (pparmentiB. Ha
puc.1 300paxkeHo oTpumanuii npu temmneparypi 336 K mac-cnekrp.

100 A
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60 -

Rel. Intensity

40 -

20 A |
o btorrrstllly ‘!m!--l!l.

e Htemrrerti oo e o= e s
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Puc.1. Mac-cnektp taypuny npu T=336 K.
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VY nporeci pobotu O0yiio 11eHTHU(HIKOBAHO MPOIECH YTBOPEHHS OCHOBHUX 10HHHUX
¢dbparMeHTiB Mac- CHEKTpa, OTPUMaH1 €HEpreTHYHI 3alexHOoCcTI 19 10HIB-(parMeHTiB, 3a
SKUMU BU3HAYCHI €HEpPTii MOSBH, Ta MOBHHWM BIIHOCHUW Tepepi3 10HI3AIl MOJEKYIH

C,H/NOsS.

Puc.2. 3D Burmisig Monekyau TaypuHy 3 OCHOBHUM KaHAJIOM JUCOIaIlii.

loHi3anisa HeCIapeHoi Mapy eJIEKTPOHIB aTOMa a30Ty NPHU3BOAUTH J0 MOSIBU B Mac-
ciektpi iona CH,NH," (m/z = 30). YTBOpeHHs 1[bOr0 i0HA BiOYyBAETHCSA Yepe3 OCHOBHUI
KaHaJ ~JMCOLIalii 3a paxyHOK pO3pUBY 3B’SI3Ky MIK aToOMaMd  BYIJICLIO
C1-C2, six moka3zaHo Ha puc.2.

- 100
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Puc.3. EnepreTuyna 3ajekHiCTh 10Ha- Puc.4. EnepreTnyna 3ajeHIiCTh 10Ha-
¢dbparmenTa SO™.

dbparmenTa SO,".

Cynsdorpyna (-SO,H), 30araueHa eneKTpOHHOI TYCTHMHOIO 32 PaxXyHOK aTOMiB
KHCHIO, € TUTIOBUM IIEHTPOM JiJis1 10Hi3amii (quB. puc. 2). [lonspua npupoja 38’ sa3ky C—S
4yepe3 ENeKTPOHETAaTUBHICTh CIPKM POOUTH HOro MEHIN CTaOUTbHUM TOPIBHSHO 31
3B’sI3KaMU ClpKa-KUCeHb. ToMy Ha Mac-CHEeKTpi criocTepiratoTbes ioHu m/z = 48 (SO*), Ta
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m/z = 64 (SO:"). HasgBHICTb Yy Mac-CIIEeKTp1 i10Ha Macoi0 M/z =43 CBIIYUTH NPO YTBOPEHHS
HelTpanbHOro dparmeHTy cipauctoi kuciaotu (H2SOs). Octannsa Han3BUYaiHO HECTIiKa
y Ta3oBiil (a3l Ta MBUAKO, CIIOHTAHHO PO3MAaAa€ThCs Ha BOAY 1 miokcun cipku (SO2Y).
Jlanuii mporiec Moke OyTH MIATBEP/KEHO HASBHICTIO HEBEJIMYKOTO IJIATO HA KpPUBIH
MOSIBU 10HHOTO (pparmeHTa m/z = 48 (puc.4).

| TaypuH

60 -

[, arb. un.

40

201 E=885eV

0 et
0 5 10 15 20 25 30 35 40 4

E, eV

50 55 60 65 70

Puc. 5. Enepretuuna 3anexHiCTh HOBHOTO Tepepisy i1oHi3alii Mmosekyiu C,H7NOsS.

[Ipu BiAKIIIOUEHHUX MOTEHIIaaX Ha eEeKTPOAaX BUMIPIOBABCS NOBHUM (CyMapHHUA)
CTPYM MO3UTHUBHHUX 10HIB Ha KOJEKTOP. 3MIHIOIOYHM €HEPTrii0 10HI3YIOUHX €JIEKTPOHIB
OTpUMAJIM EHEPreTUYHy 3aJCKHICTh TOBHOTO BIJIHOCHOTO TIEpepi3y YTBOPEHHS
MO3UTHUBHUX 10HIB Yy Jliarma30Hi eHeprii enektpoHis 5—70 eB.

TakuM YMHOM, HaMU BIIEpIlIe OTPYMaHa EHEPreTUUHA 3aJIeKHICTh TOBHOT'O MEpepizy
10H13a11ii MOJIEKYJIM TaypyuHY Ta BU3HAYEHO MOTEHIial ioHizaili (puc. 5). Sk BUIHO
nepepis 3pocrae cTpiMKO B iHTepBaii eHeprikd 10—19 eB, gani moBibHO BUXOJUTH HA
rutato micis 33 eB.

[1] Ripps H., Shen W. Review: Taurine: A "very essential" amino acid. Nutrients,
2012, 4(9), 1161-1179. DOI: 10.3390/nu14071391

[2] A. N. Zavilopulo, E. A. Mironets , and A. S. Agafonova. An Upgraded Ion Source
for a Mass Spectrometer. // Instruments and Experimental Techniques, 2012, 55, 1,
65—71. DOI: 10.1134/S0020441211060315
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HAMIBNPOBITHUKOBA BETA-CIIEKTPOMETPISI *°Sr TA ¥7Cs

I". [Tpokomtok, O. XKykos, I. Mamiok, M. Ctpinpuyk, B. Tpuiun

Inemumym s0epuux oocnioxcenvs HAH Vrpainu, Kuis, Ykpaina
e-mail: gannaprok@gmail.com

Kpammm MeTo10M BUMIPIOBaHHS «YHCTUX» OETa-BUIPOMIHIOIOUUX PallOHYKIIi/IiB
€ PIAKOCHMHTWISIINHUN METOJA, OJHAaK BIH MOTpeOye MOMEepeAHBOrO PaioXiMIYHOTO
BU/ILJICHHSI.

B naniif poboTi MU NPOMOHYEMO MPOCTUH EKCIPECHUH METOJ] BU3HAYEHHS
akTuBHOCTI *’Sr y 3pa3kax 4OpPHOOMJIBCHKOTO MOXOKeHHs. Llel Meron GasyeThcs Ha
KoMOiHAaIlii raMMa-CIIEKTPOMETPUYHOTO BUMiproBaHHs akTuBHOCTI *’Cs y 3pasky Ta Gera-
CIIEKTPOMETPHYHOTO BU3HAYEHHS BigHOMEHHs akTuBHOCTI *Sr/*’Cs y ToMy % 3pa3Ky 3a
JIOTIOMOTOK)  KPEMHIEBOTO JE€TEKTOpA, IO J03BOJISE BU3HAYATH AKTHBHICTL °Sr 0e3
3aCTOCYBAaHHSA CKJIQJHHX Ta 4ac03aTPAaTHUX MPOLEAYP paaioXiMIYHOTO BUIJICHHS.

Puc.1. Mogens 6eTa-ciekTopMeTpa

Ha 6a3i nHamiBrpoBigHUKOBOTO KpeMHieBoro aetektopa ORTEC ToBmmHO0O 2 MM,
aktuBHOKO mwiomero 300 mm? i mogynie CANBERRA t1a ORTEC 6yno crBopeno Gera-
CHEKTPOMETPUYHY CUCTEMY JJIS sIAEPHOI €KCIIEPTU3HU Ta PaiOCKOJOTIYHUX BUMIPIOBAHb
3pa3KiB YOPHOOMIIbCHKOTO MOXOKEHHS.
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3 BukopuctanHsm 0i6miotek Geant4 v. 11.2 pospobieHo wmomens Oera-

CIEKTPOMETPA, K MOKa3aHO Ha pHC. 1, Ika OMUCY€e KPEMHIEBUN JIETEKTOP, TEOMETPII0 Ta

XIMIYHUN CKJIaJ JOCHIKYBAaHOTO JpKepena. Mojenb BpaxoBy€ TOTJIWHHAHHS 1

po3citoBaHHsI 0OeTa-4acTUHOK Yy JDKepeni Ta BHUMIpIOBaNbHINM kamepi. OOpoOka Oera-

CIIEKTPIB BUKOHYEThCS Tporpamoro PhantomBeta 3a momomororo mMomensHUX CIEKTPIB,

orpuManux B Geant4, B sIKiil MIATOHOYHMMM TapaMeTpaMU € AKTUBHICTH JKepena Ta
HEBEJIMKE KOPETyBaHHS HaXWiy KajaiOpyBalbHOI KpWBOI Mo eHeprii Oera-dacTok. s
BaJIijialii Mojien OeTa-CIeKTpoMeTpa, MporpaMu OOpOOKH 1 3apOIIOHOBAHOTO METOIY

OyJu TIpOBEICHI HACTYIHI JOCTIHKCHHS:

BumiproBaHHS TOYKOBOTO TraMMa-CIIEKTPOMETPHUYHOTO KamiOpyBaIbHOTO JDKEpea
37Cs, akTMBHA pe4yoBMHA SKOTO 3HAXOAMJIACH MDK IOJITHIEHOBUMH ILIiBKAMU
ToBUIMHOIO 120 MKkM, akTuBHICTIO 54200 + 300 bk. OTpuMaHe 3HaUYE€HHS aKTHBHOCTI
3a IONMOMOTOI0 MOJIENILHOTO CIIEKTPY cTaHOBUTh: 53600 + 600 bk, 1m0 y3romxyerbcs B
MeXaxX HEeBU3HAYECTEH 3 MACIIOPTHUM 3HAYCHHSIM.

BuMipIoBaHHs TOHKOIO TOYKOBOro mikepena *’Cs, akTMBHA 4aCTHHA SKOTO HOKPHUTA
TOHKOI0O MalapoBOIO IUTIBKOIO TOBIIMHOIO 6 MKM, sike OyJi0 MpoBeJeHE s
BU3HAYCHHS CHEPIeTHYHOI PO3MIILHOI 3MaTHOCTI JETEKTOpa, IO B IMOJATBIIOMY
BUKOPHCTOBYBaJach MpU TeHepauli MoAelbHUX crnekTpiB. Ha puc. 2 mpencraBieHo
Gera-criektp *’Cs i ioro 06poOka. 3a pesynbraraMu 0OpOOKHM KOHBEPCIMHMX JIiHik
OyJ10 BU3HAYEHO PO3/IBHY 3/IaTHICTh KPEMHIEBOTO JETEKTOPA.

BuwmiproBanns 0OeTa-cieKTpiB 3pa3kiB 3 J00pe BIJIOMUMH XIMIYHMM CKJIAJIOM,
I'yCTHHOK Ta TOBHIMHOK (2 MM) — BOgHuX po3umHiB okpemo *’Cs Ta *°Sr 3
MOJIANIBIIIOK OOPOOKOI0 OJHOKOMIIOHEHTHHMX CHEKTpiB. BiIHOIIEHHS BHU3HAYEHHMX
3Hauenb akTuBHOCTEH *°Sr/!1¥’Cs B ux 3paskax cranoBmio BenumuuHy — 1,05+0,03.
BumiproBanHst B Til e reomeTpii OeTa-CrekTpa 3MiIlIaHOTO 3pas3ka, CTBOPEHOIo 3
OJHAKOBMX AIKBOT BUINE3raJaHux BOAHMX po3unHiB *’Cs Ta *’Sr, TOBIIMHOIO 2 MM.
OtpuMasne B pe3ysibTaTi 00pOOKH TBOKOMIIOHEHTHOTO O€Ta-CIIEKTPY CHiBBIIHOIICHHS
craHoBwIO BenuuuHy — 1,04+0,03, mo CBIIYNTH PO MOXKIIMBITH BH3HAYCHHS
crissigrommenns ¥’Cs ta *°Sr y HeBimomux 3paskax.

['amma-cniekTpomeTpuyHi  Ta  OeTa-CIEeKTpOMETpHuYHI (3 ~ BHUKOPUCTAHHAM
3alPOMOHOBAHOTO METOAY) BHUMIPIOBaHHS peEaJbHOr0 3pa3ka YOPHOOMIBCHKOTO
NOXOXKEeHHS Macoto 1,98 I Ha repMaHieBOMY Ta KpEMHI€BOMY JIE€TEKTOPaX BiJIMOBITHO.
BusHaueHa raMma-CrieKTPOMETPHYHIAM METONOM aKTHBHICTB 3’Cs CKiana BeIn4nHy
960+12 bkx. bera-cnekTpoMeTpuuHI JOCIIPKCHHS Jadd HACTYMHI 3HAYEHHS
aktuBHocTei: P'Cs — 975 + 30 Bk ta *°Sr — 390 + 25 Bk.
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Puc 2. Crextp TonKoro miepena ’Cs.

OtpumaHi pe3yJbTaTd MalTh MPAKTUYHE 3HAYECHHS JJs 3a1ad  sAEpHOI
KPUMIHAJIICTUYHOI €KCIIEPTU3U Ta PA/IIOEKOJIOTTYHUX JTOCIIIKEHb.

Po6ora Oyna BukoHaHa 3a miaTpuMkH npoekTiB YHTI] 9915 Ta 9916.
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DARK ENERGY-MATTER SECTOR: BRIEF HISTORY
AND NEW HYPOTHESES

V.M. Simulik!, .M. Bigan? T.M. Zajac?

!Institute of Electron Physics, Nat. Acad. Sci. Ukr., Uzhhorod, Ukraine
2Uzhhorod National University, Dep. of Electronic Systems, Uzhhgorod, Ukraine
e-mail: bigan.ivan@student.uzhnu.edu.ua

The name "dark matter" (matiére obscure) was put into consideration by Henri
Poincaré in 1906. [1]. The decisive observations were made by astronomer Fritz Zwicky
in 1930 [2] and after 40 years by V.C. Rubin [3, 4]. According to the last data the
contribution of dark matter (DM) to the Universe is estimated at about 22 %.

If there is dark matter in the Universe, then there will also be dark energy. The dark
energy (DE) is related to the accelerating expansion of the Universe, which is the
experimental fact [5, 6]. For the discovery of the accelerating expansion of the Universe
Saul Perlmutter, Brian P. Schmidt, and Adam Riess received the Nobel Prize in Physics in
2011. The contribution of DE to the Universe is 74 %.

Note that astronomy during whole its history put the problems for the physicists and
mathematicians. Let us mention the revolution of Copernicus, three laws of Kepler, the
theory of gravitation of Newton, telescope of Galileo, the discovery of Uranus, the
calculation of Neptune, the problem with the orbit of Mercury and Hilbert—Einstein general
relativity theory (GR), the conclusion of Friedman that the Universe must expand or
collapse. Therefore, the situation that astronomy and cosmology put the questions for
physicists is ordinary and has a long history.

As a first step theoreticians tried to modify the cosmological constant A (the energy
density of vacuum) in GR [7]. In baryonic approach [8] the total mass of RAMBO (Robust
Associations of Massive Barionic Objects), MACHO (Massive Compact Halo Objects)
and neutrinos is too small in comparison with the mass of dark matter. Today the baryonic
hypothesis 1s too weak and neutrinos belongs to weakly interacting massive particles
(WIMP). Note the recent attempt to reanimate the baryonic hypothesis with the help of
hyperons carrying spin 3/2. With the idea of WIMP the expensive experiments on direct
detection of DM particles (DAMA/Nal, DAMA/LIBRA, CRESST, XENON and others)
are hold.

The second believable attempts to explain the DE and DM is a physical field that
fills all space and is described as an ideal incompressible liquid (so called guintessence or
phantom).

We mark also the DE and Mach’s principle, Variation of physical constants, axions,
warm inflation, a suggestions of H.C. Steinacker [9], in which author recovered
cosmological space—time as a solution, and the known physics should emerge from
fluctuations on this background, modification of Newtonian dynamics and gravity (MOND
and MONGQG) resulted in TelVeS (Tensor-Vector-Scalar gravity) model, a novel form of
matter called ELKO (the acronym of Eigenspinoren des Ladungskonjugations operators),
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DM as irreducible unitary representation of the inhomogeneous Lorentz group, fermionic
dark matter-photon quantum interaction.

We especially considered Big Bang as a phase transition.

Big Bang is the main point of the number of models, which describe the dark matter
and dark energy on the basis of some phase transition [10—-16].

The approach started from the ideas of [10], where the phase transitions and
magnetic monopole production in the very early Universe were considered.

The author of [11] suggested the first-order QCD phase transition that occurred
reversibly in the early Universe and would lead to a surprisingly rich cosmological
scenario. Although observable consequences would not necessarily survive, it is at least
conceivable that the phase transition would concentrate most of the quark excess in dense.
Invisible quark nuggets, providing an explanation for the dark matter in terms of QCD
effects only.

In the approach [12] a five-dimensional cosmological model, which suggested that
the Universe began as a discontinuity in a scalar (Higgs-type) field, or alternatively as a
conventional four-dimensional phase transition, was investigated.

Author of the paper [13] demonstrated that a large class of models with a composite
dark sector went through a strong first-order phase transition in the early Universe, which
could lead to a detectable gravitational wave signal.

In the paper [14] authors suggest that the \Big Bang may be a result of the first-order
phase transition driven by changing scalar curvature of the 4D space-time in the expanding
cold Universe, filled with nonlinear scalar field and neutral matter with equation of state
p=ve (where p and € are pressure and energy density of matter).

It had been argued [15] that a particular type of quantum-vacuum variable ¢ could
provide a solution to the main cosmological constant problem and possibly also gave a
cold-dark-matter component. It was shown that the same ¢ field may suggest a new
interpretation of the Big Bang, namely as a quantum phase transition between topologically
inequivalent vacua.

The paper [16] provided a conceptual history of phase transitions and the birth of
early Universe particle physics.

Our own suggestions. In the publications [17, 18] (see also the review [19]) the dark
energy and dark matter were related to another Minkowski space M*(1,3), which is
considered as a subspace of the general 7-component space-time M(1,6). The 8-component
Dirac equation was derived in space-time M(1,6) with one time coordinate and six space
coordinates.

The interpretation of R*3 € M*(1,3) as the space, which generates the dark matter
and dark energy, together with R®> ¢ M(1,3), which is our well-known living (native) space
is possible and interesting. Note that the time axe in M*(1,3) and in M(1,3) is one and the
same. Therefore, here the 8-component Dirac equation from the paper [17] coupled
together these two possibly different space-time manifolds. The different relationships
between the Dirac and the Maxwell equations presented in a number of our publications,
see. e.g. [19, 20], guarantee that the Maxwell equations in the space-time M(1,6) will be
similarly well-defined.
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Another hypothesis is the phase transition from the space-time M(1,6) to the
ordinary M(1,3) and the generation of DEMS (dark energy-matter sector) in this process.
The phase transitions [ 10-16] should be considered together with suggestion that Big Bang
didn’t exist at all in phase transition from the space-time M(1,6) to the Minkowski space-
time M(1,3). Note that the Dirac-like equation [17, 18] with 7 space-time derivatives and
7 gamma matrices is considered in order to demonstrate the relationships between the
M(1,6) and corresponding geometric Clifford algebras. In press is the article of S.O.
Omelchenko, containing useful attempt to develop the ideas of [10-20].

Brief conclusions. (1) The situation that we don’t know what is the Universe is not
new and periodically appears in the history of science. (i1) The big number of different
approaches means that we don’t know today the exact solution. (iii) On the other hand the
big number of approaches may lead very soon to some local resolution of the situation. (iv)
After the explanations what are the dark matter and the dark energy the Universe shall put
the new problems and tasks for the Mankind.

Furthermore, the resolution of the problem under consideration may contribute to
our understanding of the role of the Mankind in the Universe. Indeed, the Mankind
influence for the Nature is evident. Therefore, the influence of well-developed another
civilization for the whole Universe also may be possible. This influence may be the reason
of DM and DE.

The investigation of DEMS is the main problem of modern physics and astronomy.
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Technological and computational advances have enabled high-resolution ultrasound
imaging through synthetic aperture techniques, which coherently combine echoes from
multiple angles for precise focusing and high frame rates [1]. Plane-wave compounding
(PWC), widely used in Doppler imaging, elastography, and 3D ultrafast imaging, improves
slow blood flow assessment and supports velocity vector and vessel wall analysis. While
single plane-wave transmissions yield low-quality images, their coherent summation
enhances results. Resolution i1s further improved using adaptive compounding, Al,
beamforming, motion correction, multi-array systems, and curved arrays [2—4]. Building
on earlier linear-phase models, this study accounts for nonlinearities in pulse envelopes to
analyze system resolution. In previous theoretical studies [5] on the spectral characteristics
of Doppler signals in ultrasound systems utilizing plane-wave compounding (PWC), the
complex amplitude of the transmitted field G, (7, t) and the complex sensitivity function of
the receiver G,(7,t) were introduced. These functions represent the transmission and
reception fields in physical terms, including deviations from an ideal plane wave

characterized by a constant wave vector E, typically aligned with the x'-axis of the
ultrasound field. This formulation proves particularly effective for describing conventional
ultrasound systems. However, in PWC systems—where the insonification direction

changes over time according to a time-varying wave vector E(t) — the temporal
dependence of these functions becomes essential. In this context, it is more practical to use
the direct wave fields for transmission P{(7,t) and reception, each modeled as a plane

wave characterized by a wave vector E(t). Here, K represents the time-averaged wave
vector, oriented along the x'-axis. Following the methodology outlined in [6], the envelope
of the transmitted pulses is assumed to be Gaussian.

The combined transmit-receive field can be expressed as:

2((lo—x’)cosd>+y’sind>)2
P(# 1) = POe—Zik((lo—x')cosd>+y’sind>)e a2 9(2) (2)

Here, 2a represents the pulse length along the x'’ axis at the e ! amplitude level, and the
transformation between the coordinate systems (x"',y’") and (x',y") is taken into account.
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Since the angles ®(t) = Qt associated with the plane waves are small, the field P(7,t) is
expanded using a Taylor series, retaining only the lower-order terms, including the
quadratic ones. The dimensions and geometry of the measurement volume at the
e~ lamplitude level can be derived from equation (1):

2(lp —x)?  2y"* 8(lp —x")?y"”
a? + az abk?

AL

Il

—

Figure 1. The central measurement volume (indicated with horizontal shading) and its
boundaries—symmetric with respect to the x’ and y'axes—are illustrated, along with
additional non-physical solutions, represented by vertical branches and their corresponding
asymptotes (left). On the right, the result is a non-physical, infinite measurement volume
characterized by symmetric asymptotes.

=1, 2)

Function (2) has zeros at y' = + a/+/2, defining the measurement volume boundaries
along the y' axis at x' = [ (Fig. 2, left). For y' = 0, the boundaries along the x" axis are

x' = l, + a/\2. As shown, the measurement volume expands with increasing area. While
the equation permits additional real solutions where both numerator and denominator are
negative, these correspond to non-physical, unbounded volumes (Fig. 2, right). Including
linear and quadratic deviations in transmission and reception alters the shape and
volume - deviating from a spherical region - but leaves longitudinal and transverse
dimensions unchanged. For realistic maximum inclination angles, these shape changes are
minimal, so neglecting the dependence of the plane wave pulse envelope on small
inclination angles is justified.
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HOWYK XOJIOAHOT'O ITOALJIY HYKJILAIB IVIYTOHIIO 1
AMEPHIIIO 3A TOIOMOI'OIO TAMMA-CIHEKTPOMETPII

I.C. Kimoen, B.B. Ko6uues, /I.B. Kacneposuu

Inemumym s0epuux docnioxrcens HAH Vkpainu, Kuis
e-mail: klyuyev218@gmail.com

B poGoTi [1] Oyno po3pobiieHo €TuHUN TECOPETUIHHUHN MAXI] JJI MOJCTIOBaHHS
MPOLECIB MPOTOHHOTO BHUIIPOMIHIOBAHHS, KJIACTEPHOrO poO3Mady, aib(a-posmnagy Ta
XOJIOTHOTO TIOJITY SIAEP, a TAaKOXK 3pOOJICHO Psij MPOTHO31B MO0 MapIliaTbHUX TEPioIiB
HaIIBPO3May PI3HUX 130TOMIB, 30KpeMa IUTYTOHII0 W amepuilito. Mu mepeBipuiIn
nepeadaueHHs1, 3po0JeH1 B 11 poOOTI, NIJISXOM MOIIYKY TaMMa-KBaHTIB B1J] MOKIIUBUX
KaHaJIIB XOJIOJHOTO TMOJILTY HYKJII/IIB [Ty TOHIIO 1 aMEPUIIIIO.

Hamu 6yno Bukopuctano nani mixuapoHoi 6asu MAT'ATE IDB [2], ne micTsThCcs
raMMma-ClieKTpd, OTpHUMaHl 3 PI3HUMHU JDKepelaMu Ta JeTekTtopamu. s momryky
XOJIOJIHOTO oAUy OyB 0OpaHMii ramMMa-criekTp 3 ineHtudikaropom id-1463, Haganuit
O0’emHaHUM JOCIITHULIBKUM LEeHTpoM €Bporeiricbkoi komicli B Kapiicpye. Cnexktp OyB
OTpUMaHUU Uil cepTU(IKOBAHOrO 3pa3ka okcuay miyToHiro (PuO;) macoro 6,630 T 3a
JIOTIOMOT'OI0 HAMIBIIPOBIHUKOBOTO T'E€PMAHIEBOTO JETEKTOpa (BiAHOCHA €(EKTHUBHICTDH
54%). Cxanaj 130TONIB TUTYTOHIIO B 3pa3Ky Ha yac BuMiproBaHHs (2015) OyB HaCTYIHUM:
238py (0,0094at%), *°Pu (93,584at%), **Pu (6,311at%), **'Pu (0,0563at%), ***Pu
(0,0396at%). V 3pasky Takox mictuscs **'Am (0,263at%).

238,239.240.241.292py; 14 241 Am 3pilicHIOBABCS Uepes

[Tonryk xaHasniB XOJIOAHOTO MOJALTY
1IeHTU(IKAIII0 JOYIPHIX HYKIIJIB, Kl € HECTaOUIbHUMM BIAHOCHO OeTa-po3maay Ha
30y/I’KEH1 piBHI 3 BUTIPOMIHEHHSIM TaMMa-KBaHTIB. /{7151 aHai3y raMMa-CcrieKTpiB BUKOHAHO
KaiOpyBaHHSI JETEKTOpa 3a €HEPreTUYHOI0 IMIKAJIOK Ta EHEPreTUYHOI PO3LTHHOIO
3IaTHICTIO 3 YpaxXyBaHHSIM acHUMETpii IiKiB, a TaKOXX MOJEIIOBaHHS €(EeKTHUBHOCTI
peecTpariii y mkax moBHOTO NOTJIMHAHHSA MeToaoM MonTe-Kapio.

MopentoBanHsi €(eKTUBHOCTI PEECTpallii MPOBEACHO 3a JOMOMOIrOI Mporpamu
Simourg 1.5.0 [3], mo € iHTepdeiicom no makery Geantd [4,5]. Bepudikariiro moemni
BUKOHAHO 3a BIAOMUMM TaMMa-MiKaMW 130TOMIB IUTYTOHIO B Jllalla30Hl €Heprii
(59...1057) xeB.Y BucokoenepreruyHiii yactuHi ramma-criekrpy (Bia 1057 1o 2930 keB)
BUKOHAHO TOIITYK FaMMa-TIiKiB, 10 BIAMOBIIAIOTE po3najgaM J0UipHIX pallOHyKIidIB, SKi
CTBOPIOIOTHCS B IIYKaHUX MpoIecax.

3 ypaxyBaHHSAM PO3PaxXyHKOBOI €(EKTUBHOCTI peecTpallii, a TaKOX MaCIMOPTHOTO
BMICTY PaJIOHYKIIAIB y JKEpesi, BCTAHOBJICHI TOMEPEAHI eKCIEepPUMEHTalbHI HUXKHI
0OMeXEHHs Ha MapliaibHi nepioay HamiBposnamy Hykimigip 238239:240241.242py § 2H Am g
PI3HMX KaHaIiB XOJIOJHOrO MOALTY 3 uyTauBicTio 10 4x10" pokis.

170



IED-2025 IEP-2025
Yxropon, 20-23 tpasast 2025 Uzhhorod, May 20-23, 2025

[1] S. B. Duarte et al. At. Data Nucl. Data Tables 80 (2002) 235.

[2] An International Database of Reference Gamma Spectra (IDB-v2024-01). IAEA.
2024. https://nds.iaea.org/idb

[3] B.B.KoOuuen. IIporpama SIMOURG nns monentoBaHHS (GYHKIIN BIATYKY
raMma-JIeTeKTOpiB 3 MPOCTOI0 reoMeTpieto // SnepHa disuka ta enepreruka. — 2011.
—T. 12, Ne 3. - C. 301-306.

[4] J. Allison et al.Geant4 Developments and Applications // IEEE Trans. Nucl. Sci.
53 (2006) 270-278.

[5]S. Agostinelli et al., Geant4 — A Simulation Toolkit // Nucl. Instrum. Meth. A 506
(2003) 250-303.

171


https://nds.iaea.org/idb

IED-2025 IEP-2025
Yxropon, 20-23 tpasast 2025 Uzhhorod, May 20-23, 2025

BBK B 3T (4Vkp —43ax), M 58
VK 539.1

«Mi:xkHapoaHa KOH(epeHLis MOJI0auX y4eHuX Ta acnipaHTiB IEP®-2025) - Vxropon,
[ncturyT enexrponnoi ¢pizukun HAH Ykpainu, 2025. - 172 c.

ISBN 978-617-8127-59-6
Haykoso-ingopmayiiine suoanms
35IPHUK MATEPIAJIIB KOH®EPEHIII IE®-2025

Yknaoaui:
€.B. OneiinikoB, 1okTop Pinocodii
B.1. Poman, kanauaar ¢i3.-Mat. HayK

Bionosioanwvni 3a eunyck:
A.M. 3aBinonyrno, 1. ¢.-M.H.,
T.1O. Ilonuk, k. ¢.-M. H.

Mamepianu nooano 6 aemopcokiti peoaxyii

Opurinan-maket: B.1. Poman
O6xkmanunka: B.I. Poman

[acTutyT enexrponnoi pizuku HAH Ykpainu
88017 m. Yowceopoo, eyn. Yuisepcumemcoka, 21
ten.: (0312) 64-72-52

NPYKAPHS

bpesa
3nano no cknananng 23.05.2025. [lignucano 1o npyky 02.06.2025.
®opmar 60x84/16. I'apuitypa Times New Roman.
Hpyx tud. Ym. JIpyk. 6,8. O6m.-Bun. Apk. 10,05
3 opuriHaig-MakeTiB 3aMOBHUKA.
Haxman 100 mpumipHukis. 3amoBiaeHHs Ne 17

Bupasauntso «POIT Cados A.M.»
M. YKropoj, Bysl. YHiBepcuTeTchbka, 21/220
Ten.: 099-315-00-93
CaimontBo cy0’exra BumaBHu4oi cpasu JIK No 4815 Binx 25.02.2015 p.
Hpyx: ®OII Cabor A.M., ten.: 099-315-00-93

172






