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PEAJIIBAIIII E@EKTIB IOBEPXHEBO NIJICUJIEHOI
KOJINBAJIBHOI CHEKTPOCKOIIII
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Tonosna acmponomiuna obcepsamopiss HAH Ykpainu, Kuis, Ykpaina

AJIBTEPHATUBHA MIKPOEHEPI'ETHUKA

O. Monnap
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BIOMEJINYHOI'O ITPU3HAYEHHSA

O. KasniniueHko

JIBH3 « Ykpaincovkuil Oepocashuii XiMiko-mexHOon02IYHUL YHIBepCUmemy,
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3 D. Mazumder,! E. Castanon,® Z.D. Kovalyuk,? O. Kolosov,® O. Kazakova,®
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1 School of Physics and Astronomy, University of Nottingham, Nottingham, UK
2 Institute for Problems of Materials Science, NAS of Ukraine, Chernivtsi
Branch, Chernivtsi, Ukraine

3 National Physical Laboratory, Teddington, UK

4 National Graphene Institute, The University of Manchester, Manchester, UK
> School of Chemical and Physical Sciences, Keele University, Keele, UK

® Department of Physics, Lancaster University, Lancaster, UK
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HEHUTPOHAMM, JIJISI I3OTONMHOI IIEHTUGIKAIIIL

L.B. [Mununuusneis, O.0. [apnar, €.B. Onelinikos

Inemumym enekmponnoi ¢izsuxu HAH Ykpainu, ¥Yoceopoo




ELECTRICAL PROPERTIES OF HETEROSTRUCTURES
n-InSe/n-Mn20s3

|.G. Tkachuk

Institute for Problems of Materials Science, Chernivtsi Branch,
Chernivtsi, Ukraine
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H. Benne?, 1. Cani?, O. Jlenner®

YVarceopoocwruti Hayionanvnuii Ynisepcumem, Yoczopoo, Yrpaina
2Vuisepcumem im. Ponanoa Emsewa, m. Byoanewm, Yzopuuna
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Ynemumym enexmponnoi gisuxu HAH Yrpainu, Yaczopoo

2JTIBH3 « Yorc20poOdcekuii HayionanbHuti yHisepcumemy, Yu#czopoo

PO3PAXYHKHU CTPYKTYPU ATOMA TUTAHY
3 BIAKPUTUMHU d-OBOJIOHKAMMU

M.B. Togr, B.1O. JIazyp, €.A. Hoap

JIBH3 « Yarcecopoocvkuii HayionanvHutl yHigepcumemy»

MOBHUH EPEPI3 OJJHOKPATHOI IOHI3AIII ATOMA
KAJITIO EJIEKTPOHHUM YJIAPOM

B.I. Pomaun

Inemumym enekmponnoi ¢isuxu HAH Ykpainu, ¥Yoceopoo

IEPEPI3 ®OTOHEUTPOHHOI PEAKIIII HA JIETKOMY
I30TOIII TEJYP-120

I1.C. depeukeii, 3.M. biran, O.M. Ilon

Incmumym enexmponnoi gisuxu HAH Ykpainu, Yoceopoo, Yrpaina

SPECTRAL STUDIES OF SOLID SOLUTIONS OF THE
Ag7SiSsI-Ag;GeSsl SYSTEM WITH ARGYRODITE STRUCTURE
1.0. Shender, A.l. Pogodin, M.Y. Philep,

T.0. Malakhovska, O.P. Kokhan, L.M. Suslikov

Uzhhorod National University, Uzhhorod, Ukraine
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TOWARDS UNDERSTANDING THE ELECTRONIC STRUCTURE
OF GASEOUS QUINOLINES BY SYNCHROTRON RADIATION

O. Plekan?, C. Grazioli?, M. Coreno?®, M. Di Fraia!, K. C. Prince!, R. Richter!
and A. Ponzi*

LElettra-Sincrotrone Trieste S.C.p.A., in Area Science Park, 34149 Basovizza,
Trieste, Italy,
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*Ruder Boskovi¢ Institute, Bijenicka cesta 54, 10000, Zagreb, Croatia.

SPIKE-LIKE TRANSIENT CURRENT IN A SINGLE-MOLECULAR
FIELD-EFFECT TRANSISTOR

V. O. Leonov, Ye. V. Shevchenko, E. G. Petrov

Bogolyubov Institute for Theoretical Physics of NAS of Ukraine, Kyiv

MOJEJIIOBAHHS BAPIALIM TAPAMETPIB JIUHAMIYHHUX

TA TEIIJIOBUX IPOLIECIB Y TEOKOCMOCI HAJI YKPAIHOIO

Y IEPIOJI MAKCUMYMY 24-T'O HUKJY COHSAYHOI AKTUBHOCTI
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L Inemumym ionocpepu HAH i MOH Ykpainu, Xapkie
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EXTREMELY NARROW, SHARP-PEAKED RESONANCES

AT THE EDGE OF THE CONTINUUM

I. Lukosiunas?, L. Grineviciute?, J. Nikitina?, D. Gailevicius?, and K.
Staliunast34

Wilnius University, Faculty of Physics, Laser Research Center,Vilnius, Lithuania
2Center for Physical Sciences and Technology, Vilnius, Lithuania

3ICREA, Passeig Liuis Companys 23, 08010, Barcelona, Spain

*UPC, Dep. de Fisica, Terrassa (Barcelona) Spain

OOTOJIOMIHECHEHIIA BOAHOI'O PO3YNHY MOJIEKVYJI
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M.M. Capo3, M.I. llladppassomr, M.O. Maprituy, M.I. Cyxosis, l11.b. Momnnap,
A.L Jlemko, O.0. nenuk, 1.I. Iladppanbomr

JIBH3 «Yorceopoocvruii nayionanvruii yuisepcumemy, ¥Yauceopoo
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J. Kvedaravicius!, A. Kononovicius?

1Faculty of Physics, Vilnius University, Lithuania

?Institute of Theoretical Physics and Astronomy, Vilnius University, Lithuania

MAHITYJIIOBAHHSA TIOKAZHUKOM 3AJIOMJIEHHA TOHKUX
IJIIBOK TPU-(8-T'TAPOKCUXIHOJIIH) AJTFOMIHIIO,
JUIIAHOMETHJIEHIIIPAHY TA MOI'O NOXIJTHUX

B. Bacinbes?, B. Typxkol, I. Kap6osuux!, A. Koctpy6a?, O. Kymmnip!
Llveiscoruii nayionanvnuil ynieepcumem imeni leana @panxa, Jlvsie
2JTv6i6CbKULL HAYIOHATLHULL YHIGEpCUMENm 6emepUHapHOi MeOuyuHU ma
biomexnonozii imeni Cmenana I AHcuybko2o, JIlvsis

INVESTIGATION OF ASPIRIN, PARACETAMOL AND IBUPROFEN
BY PHOTOEMISSION SPECTROSCOPY AND THEORETICAL
CALCULATIONS

H. Sa’adeh?, K.C. Prince?3, R. Richter?, V. Vasilyev*, D.P. Chong?®, F. Wang?®

!Department of Physics, The University of Jordan, Amman 11942, Jordan
2Elettra Sincrotrone Trieste, Area Science Park, Basovizza, Trieste, Italy
3Department of Chemistry and Biotechnology, School of Science, Computing and
Engineering Technologies, Swinburne University of Technology, Melbourne,
Victoria 3122, Australia

*National Computational Infrastructure, Australian National University,
Canberra, ACT 0200, Australia

*Department of Chemistry, University of British Columbia, Canada

PHASE DIAGRAMS OF HOMOCYCLIC HYDROCARBONS
V.V. Sagan, V.A. Konstantinov, A.V. Karachevtseva

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

PO3PAXYHKU CTPYKTYPU ATOMA V TA I0OHA V*
A.A. Kouemba, B.1O. Jlazyp, C.B. I'encon
JIBH3 «Yorcecopoocvkuii nayionanvHuil ynisepcumempy, Yaceopoo
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IOHI3AIISA MOJIEKYJI TJTYTAMIHY TA I’”TYTAMIHOBOI
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Ykpaina

XAPAKTEPUCTHUKH T'A30PO3PSITHOI YIBTPA®IOJETOBOI
JJAMIIH HA MMAPOTI'A3OBIM CYMIIII «Ne — Ag2S»
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HEPEAMOBA

Hamepekip HOBMM BHKIMKaM 4acy — CHEpILy IaHJIeMIli KOpPOHaBipycCy, MOTIM
MMOBHOMACIITAOHOMY KOPCTOKOMY BTOPTHEHHIO POCIMCHKOT (hefiepallli Ha TEPUTOPIIO
VYKpainu, — HayKa 3aJuIIa€ThCsl PYIIIMHOIO CUJIOI0 TMPOrpecy JIOJCTBA. AJDKe
pE3yNbTaTH HOBITHIX JOCIIJKEHb YUEHHUX 1€ pa3 MMATBEPIUIN KapAUHAIBHUAMN BIUIMB
Ha PO3BUTOK €KOHOMIKH, MEIUITMHHU, €KOJIOT1i, OCBITH, COILIAIBHOI chepH, CLIILCHKOTO
rOCIOJIapCTBa 1, 0 0COOJIMBO BAXIIMBO /I Y KpaiHu, — OC3IEeKH JepiKaBHy.

3apa3, SK HIKOJM, HaM MOTpIOHA aKTUBHA MpodopieHTallls] MOJOAl II0J0
HAayKOBHUX CIIEHIAILHOCTEH 1 TpaHCcopMmallisi OCBITHIX MPOTpaM Y MIKOJIAX Ha BMIHHS
pO3B’si3yBaTH IpoOjeMH, OO0 1€ OCHOBHHMHI MNOKa3HUK ycmimHOCTI. EdexTuBHUM
3aco00M BHSIBY 00JapoBaHO1 MOJIOAI, peamizalii iXHIX 310HOCTEH, axKTuBi3alil
HaBYAJIbHO-IT3HABAIBHOT MiSUIBHOCTI, OOMIHY JIOCBIJIOM € IIPOBEJEHHS HAYKOBHX
KoH(pepenuiii. TpaauiiiiHa MiDKHaApogHAa KOH(MEpEeHLIs MOJOIUX BYEHUX Ta
acmipanTiB I[E®, sika npoBoautbest B [HcTuTyTi enektponnoi ¢izuku HAH VYkpainu
BXK€ B OJAMHAAISTHI pa3, cTajia OJHIEI0 3 BXIMBHUX (POPM BUCBITICHHS MiJACYMKIB
HAYKOBOi poOOTH, TIOB’S3aHOI 3 MPOBEICHHAM CTY/IEHTAMU Ta acIlipaHTaMHi HAyKOBUX
JOCIIKEHb, MIATOTOBKOID MAriCTEPChKUX TPOEKTIB 1 JUCEpTaIlid, a TaKoX
YCHIITHUX HAYKOBHUX HIKUTbHUX MPOEKTIB.

Moozl BU€HI — BiJ] YUSHHMIII JIIEI0 O JOKTOPIB HAYK — BUTOJIOCKIH moHay 50
7o1oBiIe Ha MiKHapoaAHIM kKoH(epeHniii «IED-2023y, sky [HCTUTYT eneKTpoHHOI
¢13uku HAH VYkpainu npoBoaus 15—18 TpaBust 2023 poky y 3mimaHoMmy Qgopmari
(omaiin 1 ommaitH). ABropm 3 Yxropoma, Kuesa, Xapxoma, [uimpa, binukis
(ITonTaBchka obmacth), JIbBoBa, UepHiBiiB, beperosa, a Takoxx BinmbHioca (JIutea),
Tpiecra (Itamis), Penna (®panuis), Horinrema (Benuka bputaHnis) Ha BUCOKOMY
PiBHI IPEICTABUIIM HAYKOB1 PE3yJIbTAaTH 3 YCIX OTOJIOIIEHUX HAIMpPsIMiB KOH(pEPEHIIii:

*  Di3uka napHux 3iMKHeHb eJleKMPOHI8, amomie, I0HI8, MOJIEKYVI i hOMOHIS.
*  CnekmpocKonis amomie ma MoJeK)il.
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*  Heninitina onmuxa, razepra Qizuka.

*  Di3uKo-XiMiuHI OCHOBU I MEXHON02Ii OmMpuManHs, o00pobIeHHs ma
3ACMOCYB8AHHA MAKPOCKONIYHUX 1 ME30CKONIYHUX KPUCMAI8, NIIB0K mda
CKIIONOOIOHUX Mamepiais.

*  Husvroenepeemuuna sadepna @isuxa.

Paoiayitina i mexnoeenno-exonociuna besnexa.
Teopemuuna ¢hizuxa.

"Pomsunkoro” koHdepeH i cTanmm OrsimoBl JIEKITlT BiJl JOCBIAYEHUX HAYKOBHX
CHIKEpiB — MPOBITHOTO HAYKOBOTO CIIBPOOITHHUKA [HCTUTYTY €lEeKTPOHHOI (Pi3uKu
HAH Vxkpainu FOpis AxxHroka, 3aBilyBayKy BIJIUTY MO3arajJlakTUYHOT aCTPOHOMII Ta
actpoinopmatuku ['onoBHOi acTpoHoMiuHOi obOcepBaropii HAH VYkpainu wnena-
kopecnionnentra HAH VYkpaiuu Ipunau Basuimopoi, mupekropa «Canberra Packard
Ltd» Cepris Camouepnuxa, mnpodecopa YKropoACbKOro  HaI[lOHAJIBHOTO
yHiBepcuteTy Ouiekcanapa MonHapa Ta HAyKOBOi CIIBPOOITHHIN MIXKHAPOIHOIO
nociigauibkoro 1eHTpy «Elettra Sincrotrone Trieste» moxtopku Oxcanu Ilnekan,

siKa 0cOOMCTO Mpuixana st Buctymy 3 Tpiecta (Itamis).

ABTOpIB HAMKpPAIIUX HAYKOBHUX JA0NOBifAeH 0y/I0 BiA3HAYEHO TUILJIOMAMM.

Junnom I cmynens — Onee €pmaxos (Xapriscokuil HAYioHANbHUL YHI8EpCcUmem
im. B.H. Kapas3ina, Xapkis, Ykpaina).

Junnom Il cmynenss — Okcana Manvkoscoka (Binuyvkuii niyeti Nel, Binuku,
Ilonmascvka obracme, Yrpaina).

Junnom Il cmynewss — Apocrnas [peuxko (Xapkiscokuti HayioHanbHUU
yuieepcumem imeni B.H. Kapasina, Xapxie, Ykpaina).

Hunnom III cmynensa — Kaponic Tanveanayckac (Llenmp nazepuux 0ocuiodxcens,
Dizuunuil paxyremem BinvHiocbkoeo yHieepcumemy, Binvrioc, Jlumesa).
Hunnom Il cmynens — Apmem [pinuenxo (Xapriecokuii HayioHANbHUL
yuieepcumem imeni B.H. Kapasina, Xapxis, Yxpaina).

Hunnom Il cmynena — 3axap Kyopuwcekuu (Yepriseyvke 6i00ineHHs
Inemumymy npobaem mamepianosnaecmea im. I.M. @panyesuua HAH
Vkpainu,  Yepmuieyi,  Vxpaina;, Ilxona ¢isuxu ma  acmponomii
Hommineemcoxoeo ynisepcumemy, Hommineem, Benuxa bpumanis).

[Iporpamuuii  komiTeT KOH(EpeHIlli pEKOMEHJyBaB IMX AaBTOPIB  JUIS

0E3KOLITOBHOTO  OMyONiKyBaHHA cTated y okypHam  «HaykoBuil  BiCHHK
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Vxropoacekoro — yHiBepcutery. Cepis  Dizuka», SKUl  1HAGKCYETbCS Y
HayKoMeTpu4HUX O0a3ax Scopus ta Google Scholar.

Kondepeniiiss BinOymacs 0e3 opraHizallliHUX BHECKIB, HAaTOMICTb KOXEH 3
YYaCHUKIB 3MIT JOJIYYUTHCS A0 30MpaHHS KOIUTIB Ha MOTPeOM YKpaiHCHKUX
BilicbKOBUX. 3arajgom Oyno 3i6paHo 6000 rpuBeHb, sKI MepeJaHO BOJOHTEpaM Ha
aBTiBKU i 30poiHux Cun Ykpainu. OpraHizatopu KOHGEpeHIlT BUCIOBIIOIOTH
BISYHICTh YYaCHHKaM, CiIyXxauaM, CIIOHCOpaM — YTPaBIIHHIO y COpaBax KyJIbTYypH,
MOJIOAI Ta CHOPTY Y>KIOpOJACHKOI MICBKOi paju, JlemapTaMeHTy OCBITH 1 HAayKH,
Moutofi Ta cropty 3akapmnarchkoi OJIA, Hapognomy nemytaty PobGepty ['opBary 3a
(1HaHCOBY MIATPUMKY Yy MPOBEAEHHI LBOIO BaXJIMBOIO HAYKOBOrOo (Qopymy Ta
OCHOBHE — JI03eMHUH YKJIiH HamuM 30porinuM CunaM YKpaiHu, 10 BCl MU MaeMO
3MOTY MpaloBaTH, OPTaHi30BYBaTH Takl (POPYMH Ta MPOJIOBKYBATU TBOPUTH HAYKY.

Bikropis POMAH
roJIoBa OpraHizaiiitHoro KOMITeTY,
KaHauJat (i3.-mMatT. HayK

Ilpozpamnuit komimem: _ Opeanizayiunuii komimem:
T'onosa - un.-kop. HAH Ykpaiau 'anna TOMOHAW  ['onosa - x.¢.-m.H. Bikropis POMAH
3acmynnux 2onosu - ipod. Anaroniit SABUIOIIYIIO  3acmynuux 2onosu - k.¢.-M.H. Okcana [1OIT

Ynenu npoecpamnozo komimemy. Ynenu opeanizayitinoco komimemy:
npod. Onexcanap TOMOHHAM (Ykpaina) K.(p.-m.H. Tersana IIOITUK

npod. Bonogumup MACJIFOK (Vkpaina) k.T.H. Hatanis CBATIOK

npod. Ierep KOITYAHCHKUH (Criopauunsa) K.(.-m.H. Onekcannp [TATIIT
1.¢.-m.H. €Bren PEMETA (VYkpaina) Amnaronii MUJIMMKO

n.¢.-m.H. FOpiit AJKHIOK (Vkpaina) Onekcannp BACHUJIBEB

np. Bannac MOHAYCKAC (JIuTsa) Isan MOIIIKOJIA

ap. Okcana [TJIEKAH (Itamis) Irop HMJIMITYNHELD

ap. Jlamita HTAPMA (Iaais) €sren OJIEMHIKOB

ap. angop AEMEII (®paniris) Ierpo IBOPCHKHUH
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PREFACE

In spite of the challenges of the recent time — at first the coronavirus pandemic,
then the full-scale invasion of the Russian troops in Ukraine, — science remains the
driving force for the progress of humanity. Results of novel scientific studies confirm
their drastic effect on the development of economy, medicine, environment,
education, social life, agriculture and, what is essential for Ukraine, defence and
security.

Today we more than ever need active involvement of young people in scientific
research and transformation of school education with a focus on solving problems
which is the main route to success. Scientific conferences are an efficient means to
show scientifically minded young people, help them to disclose their skills and
abilities, to promote their learning and cognition, to exchange research experience.
The traditional IEP International Conference of Young Scientists and Post-Graduate
Students which is held at the Institute of Electron Physics, National Academy of
Sciences of Ukraine, for the eleventh time, has become a platform to present the
outcomes of the research work performed by master and Ph.D. students as well as
successful research projects of secondary school students.

Young researchers with positions and degrees from a lyceum student to a doctor
of sciences have made over 50 talks at the IEP—2023 international conference held at
the Institute of Electron Physics on May 15-18, 2023 in a combined (offline and
online) format. Authors from Uzhhorod, Kyiv, Kharkiv, Dnipro, Bilyky (Poltava
region), Lviv, Chernivtsi, Berenovo as well as Vilnius (Lithuania), Trieste (Italy),
Rennes (France), Nottingham (Great Britain) made qualified presentations of their
results in all the conference topics:

» 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.

13



» Radiation safety, anthropogenic environmental safety.
» Theoretical physics.

"The icing on the cake" of the conference programme were invited lectures by
experienced keynote speakers — Yuriy Azhniuk, senior staff researcher of the Institute
of Electron Physics, Iryna Vavilova, Corresponding Member of the National
Academy of Sciences of Ukraine, Head of Department for Extragalactic Astronomy
and Astroinformatics of the Main Astronomical Observatory of the National
Academy of Sciences of Ukraine, Sergii Samochernykh, CEO of Canberra Packard
Ltd in Ukraine, Alexander Molnar, Professor of Uzhhorod National University, and
Oksana Plekan, a researcher of the international research centre Elettra Sincrotrone
Trieste who arrived in person from Trieste (Italy) to present her talk at the

conference.

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 — Oksana Mankovska (Bilyky Lyceum No. 1, Bilyky,
Poltava region, Ukraine).

Second rank diploma — Yaroslav Hrechko (V. N. Karazin Kharkiv National
University, Kharkiv, Ukraine).

Third rank diploma — Karolis Galvanauskas (Laser Research Center, Physics
Faculty Vilnius University, Vilnius, Lithuania).

Third rank diploma — Artem Hrinchenko (V. N. Karazin Kharkiv National
University, Kharkiv, Ukraine).

Third rank diploma — Zakhar Kudrynskyi (Institute for Problems of Materials
Science, National Academy of Sciences of Ukraine, Chernivtsi, Ukraine; School
of Physics and Astronomy, University of Nottingham, Nottingham, the
United Kingdom).

The programme committee of the conference recommended these authors for

free-of-charge publishing of their papers in the journal Uzhhorod University
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Scientific Herald. Series Physics which is indexed by Scopus and Google Scholar
science databases.

The conference was a no-fee event, however, each of the participants could
make their contribution to funding the needs of Ukrainian Army. 6000 hryvnias,
collected at the conference, were transferred to volunteers providing automobiles for
the Ukrainian Armed Forces. The conference organizers are grateful to the
participants, listeners, and sponsors — Department of Culture, Youth and Sports of
Uzhhorod City Council, Department of Education, Science, Youth and Sports of
Zakarpatska Region State Administration, to Robert Horvat, a deputy of Verkhovna
Rada (the Ukrainian Parliament) for the financial support of the conference, and most
of all we are enormously indebted to the Ukrainian Armed Forces for enabling us to

organize such scientific meetings and continue our research activity.

Dr. Viktoria ROMAN,
Chair of the Organizing Committee

Programme Committee Organizing Committee
Chairperson: Dr. Anna GOMONAI, Corr. Chairperson: Dr. Viktoria ROMAN
Member Nat. Acad. Sci. Ukr. Vice chairperson: Dr. Oksana POP
Vice Chairperson: Prof. Anatoly ZAVILOPULO Members of the Organizing Committee:
Members of the Programme Committee: Dr. Tetiana POPYK

Prof. Alexander GOMONNAI (Ukraine) Dr. Natalia SVATIUK

Prof. Volodymyr MASLYUK (Ukraine) Dr. Oleksandr PAPP

Prof. Peter KOPCANSKY (Slovakia) Anatoliy MYLYMKO

Dr. Eugene REMETA (Ukraine) Oleksandr VASYLIEV

Dr. Yuriy AZHNIUK (Ukraine) Ivan MOSHKOLA

Dr. Valdas JONAUSKAS (Lithuania) Ihor PYLYPCHYNETS

Dr. Oksana PLEKAN (Italy) Yevhen OLEINIKOV

Dr. Lalita SHARMA (India) Petro YAVORSKY

Dr. Sandor DEMES (France)
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BUKOPUCTAHHA PAMAHIBChKOI CHEKTPOCKOIIII JJIs
JOCJ/IIIKEHHSA HAITNIBITPOBIIHUKOBUX HAHOKPUCTAJIIB

1O. M. AxHIOK

Inemumym enexmponnoi gisuxu HAH Ykpainu, Yorceopoo, Yrpaina
e-mail: yu.azhniuk@gmail.com

PamaHiBCbKka CIEKTPOCKOIMISI ChOTOAHI € OJHUM 3 TOIIUPEHUX 1 e()EeKTHUBHHX
METO/IIB JOCJIIIPKCHHs HAMliBIIPOBIIHUKOBUX HAHOKPHUCTAJIIB. 30KpeMa, BOHA € HaIIHHUM
HEePYWHIBHUM CHIOCOOOM iieHTH(DIKaIlll XIMIYHOTO CKJIaJy Ta CTPYKTYPH HAaHOKPHUCTAIB,
O0COOJIMBO 'y BUNAJKY JOCHIJKECHHS HAHOKPUCTAJIB, BKPAIUICHUX Y [IENEKTPUUHY
Matpuiro [1, 2], kUil yCHIIIHO JOMOBHIOE PEHTTEHIBCHKY AUGPAKTOMETPIO, B Pl
BUIAJIKIB 3a0€3Meuylourd BHIIY TOYHICTb, YYTIWBICTh 1 MMIBUAKICTh J1arHOCTUKHU.
EBonronis TEXHIYHUX MOKIMBOCTEH METOJy paMaHiBCbKoi crekTpockomii [3, 4]
ChOTO/IH1 3a0e3meuye Horo MHUPOKe BUKOPUCTAHHS HE TIIBKU JIJISl HAYKOBUX JOCIIHKCHb,
a i1 1 noTped XIMIYHOrO aHalli3y, MEIUYHOI J1arHOCTUKHU, AOCTIHKEHHS KyJIbTYPIIHO-
ICTOpUYHUX apTe(AKTIB TOILIO.

VY upoMy MNOODKHOMY OIVISIAI 3pOOJIEHO KOPOTKE BCTYMHE IOSICHEHHS SIBUIIA
PaMaHIBCbKOT'O PO3CIIOBaHHS CBITJIa Ta €JIEMEHTAPHUX 30YyJKE€Hb KPUCTAIIYHOI IPATKU
(boHoHIB), siKi OepyTh y4acThb y LbOMY Mpolieci [5], a TakoX pO3MJISTHYTO OCHOBHI
0COOJIMBOCTI, XapaKTEepHI caMme JJii PaMaHIBCHKOTO PO3CiOBaHHS B HaHOKpucTanax [1,
6]. OxapakTepru30BaHO MPUYUHU 1 MPOSBHU PO3CiIOBaHHS Ha ()OHOHAX 3 HEHYJIHOBUMH
XBUJILOBUMHU BEKTOpPAaMH 32 PaxyHOK IPOCTOPOBOTO OOMEKEHHS (KOH(pAWHMEHTY)
(GOHOHIB Ta pO3CIIOBaHHS Ha TMOBEPXHEBUX (HOHOHAX 3a PaxyHOK BHCOKOTO
CIIBBIHOIICHHS TOBEPXHI/00'€EM y paMaHIBCHKUX CIEKTpax HaHokpuctamis [1, 6].
[IponemoHcTpOoBaHO €()EKTUBHICTH BUKOPUCTAHHS PAMaHIBCHKOI CIIEKTPOCKOIT JIJIst
JOCIIKEHHS MPOIECiB 1HTEpANPY31i aTOMIB MIXK MIJKIAIKOI0 Ta HAaHOKpUCTaIaMu (JIst
emiTakClaJIbHO BUPOIIIEHUX MACHBIB HAaHOKpHUCTaIIB) [7] Ta mudy3ii aTOMIB 3 MaTpuIll B
HaHOKPUCTAIM (11 HAHOKPUCTAJIIB, BKPAIUICHUX y JICNIEKTpUUYHy MaTpuiro) [8, 9]. Ha
npuKnan HaHokpucrtanis tumy A’B® nmokazaHo BM3HaueHHS XiMiYHOTO CKIIaay TBEPAUX
PO3YMHIB 3 pPAMaHIBCbKUX CHEKTPIB JUIsl HOTPIMHUX CUCTEM 3 OJHOMOJOBHM 1
JIBOMOJIOBHM THUTIOM KOMITO3UIIiiiHOT nepeOynoBu ¢ononHoro crektpy [10], Bkazano Ha
BUKOPUCTAHHS WX JIAHUX JJIs iAeHTU(diKallil HAaHOMaTepialiB y iICTOpUYHUX apTedakTax
ta TBOpax mwucrenrBa [11]. Tloka3zaHo, 110 pamaHIBCbKa CIEKTPOCKONIS € €IUHUM
METO/IOM KUTBKICHOT 17IeHTH(IKAIT XIMIYHOTO CKJIaay 0araTOKOMIIOHEHTHUX (YETBIPHUX )
HaHokpucTanmiB Tuny A’B® y ckmgamx marpumsax [12]. TlokazaHo eQeKTHBHICTH
paMaHIBChKOI  CHEKTpocKomii 1y imeHTudikamii  HAHOTETEPOCTPYKTYp  THUITY
"s1po/000I0HKAa" Ta PO3PI3HEHHS X BiJ MOTPIMHUX HAHOKPUCTAJIB 31 CTPYKTYPOIO THITY
TBepaoro pozuuny [13-15].

PamaniBCchka CHEKTPOCKOMISE € e(PEeKTHUBHUM METOJOM OIlIHIOBAaHHS BEIMYWHU
MEXaHIYHUX HaIPYy>KEHb, SKi BUHUKAIOTh y BKPAIUICHUX y MaTPHIll HAHOKpHCTAjaX 3a
pPaxyHOK 30BHIIIHBOTO CTHCKY [16] abo po3rary [17]. Y Marepiajiax Ha OCHOBI
XaJIBKOTEHIJIHUX CKJIONOJIOHMX HaMIBNPOBIJHUKIB METOJ PAMaHIBCHKOI CHEKTPOCKOMIl
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JI03BOJISIE PEECTPYBATH JIOKAIbHE YTBOPEHHS HAMIBIPOBITHUKOBUX HAHOKPUCTAJIB THUILY
A’B® i A’B® y mpomeci (OTOXIMIYHMX IIEPETBOPEHB I €K  JIA3€PHOTO
BUIPOMIHIOBaHHSI 0€3MOCEpEeIHhO Yy IMpoleci BUMIproBaHHsS [17—-19], a Takox 1HIIMX
($hOoTOXIMIYHUX TIEPETBOPEHB Ha MoBepxHi [20].

[1] V.M. Dzhagan, Yu.M. Azhniuk, A.G. Milekhin, D.R.T. Zahn, J. Phys. D 51,
503001 (2018).
[2] R. Cusco, V. Consonni, E. Bellet-Amalric et al., Phys. Stat. Solidi RRL 11, 7
(2017).
[3] R. R. Jones, D. C. Hooper, L. Zhang et al., Nanoscale Res. Lett. 14, 231
(2019).
[4] C. Rathmell, D. Bingemann, M. Zieg, D. Creasey, in: Portable Spectroscopy
and Spectrometry 1 (ed. by R. A. Crocombe et al., Wiley, 2021), 115-146.
[5] D. Tuschel, Spectroscopy 32, 26 (2017).
[6] A.V. Gomonnai, Yu.M. Azhniuk, V.O. Yukhymchuk et al., Phys. Stat. Solidi B
239, 490 (2003).
[7] M.Ya. Valakh, V.O. Yukhymchuk, V.M. Dzhagan et al., Nanotechnol. 16,
1464 (2005).
[8] Yu.M. Azhniuk, A.G. Milekhin, A.V. Gomonnai et al., Phys. Stat. Solidi A
201, 1578 (2004).
[9] Yu.M. Azhniuk, M.V. Prymak, V. V. Lopushansky et al., Phys. Stat. Solidi B
251, 669 (2014).
[10] Yu.M. Azhniuk, Yu.l. Hutych, V.V. Lopushansky et al., J. Phys. Chem.
Solids 99, 66 (2016).
[11] C. Fornacelli, P. Sciau, P. Colomban, Phil. Trans. Roy. Soc. A 374 20160045
(2016).
[12] Yu.M. Azhniuk, V.V. Lopushansky, M.V. Prymak et al., J. Raman Spectrosc.
48, 485 (2017).
[13] V. M. Dzhagan, M. Ya. Valakh, A. E. Raevskaya et al., Nanotechnol. 18,
285701 (2007).
[14] K. Gong, D.F. Kelley, A. Myers Kelley, J. Chem. Phys. 147, 224702 (2017).
[15] Yu.M. Azhniuk, A.V. Gomonnali, V.V. Lopushansky, D.R.T. Zahn, J. Amer.
Ceram. Soc. 103, 692 (2020).
[16] Yu.M. Azhniuk, Yu.l. Hutych, V.V. Lopushansky et al., J. Phys. Conf. Ser.
79, 012017 (2007).
[17] Yu.M. Azhniuk, D. Solonenko, E. Sheremet et al., Thin Solid Films 651, 63
(2018).
[18] Yu.M. Azhniuk, V. M. Dzhagan, D. Solonenko et al., Phys. Stat. Solidi B
256, 1800298 (2019).
[19] Yu.M. Azhniuk, V. M. Dzhagan, D. Solonenko et al., Appl. Surf. Sci. 471,
943 (2019).
[20] Yu.M. Azhniuk, D. Solonenko, V. Loya et al., Appl. Surf. Sci. 467-468, 119
(2019).
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EXPERIMENT MEETS THEORY IN REACTIVE ION-MOLECULE
COLLISION STUDIES FROM AN ASTROPHYSICAL PERSPECTIVE

S. Demes, S. Carles, A. Mortada, R.A. Jara-Toro, B. Joalland,
A. Benidar, F. Lique & L. Biennier

Univ Rennes, IPR (Institut de Physique de Rennes), UMR 6251, Rennes, France
e-mail: demesh.shandor@gmail.com

Recent astronomical observations have opened a rich chemical complexity in the
molecular clouds of the interstellar medium (ISM) [1]. So far, more than 270 different
molecules have been detected by radio astronomy in these environments. Most of the
detected species are stable neutral molecules (with a static dipole moment), but there are
also several radicals and ionic species. The variety and number of the observed cations
has increased rapidly in recent years, following the detection of species such as ArH",
CsH*, C2N2H*, NO*, NS*, H30", etc. While the majority of neutral interstellar molecules
are not highly reactive, the ionic species are usually efficiently involved in chemical
reactions and thus initiate — or contribute to — the growth of molecular complexity in

these specific environments. However, the study of reactive collisions poses many
challenges, both experimental and theoretical.

0 Ar* +C,H, Ar + H, + CCH,"
-1 _ \ ArH+ + C2H3
—‘ .
24 / Ar+ H + C,H,
S / ; - Ar + H, + HCCH*
4
L /! 29 -
T 1 30 ’ g
< 179 o
/ | ?
4 / |
/ |
4
/ 1 ‘o9
-5 / 9 |
! I = Reactive path to form ArH* (without crossing)
— j‘&j D, from [Ar...C,H,]* complex
4y Ar+ C,H,* -
-6 | d v J: [AI‘ .C2H4] 2 D, from [Ar...C,H,] fomplex
mm D, for the [Ar...C,H,]" complex
>

Reaction coordinate

Fig. 1. Energy diagram for the Ar* — C,H, reaction calculated at the M06-2X /
6-31G(2df,p) level of DFT-theory
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Understanding these reactive molecular processes and answering the unknown
questions is a great challenge. But combining state-of-the-art laboratory measurements
with an in-depth theoretical analysis can be a good approach. We report our recent results
obtained by using a unique combination of experimental and theoretical methods in the
study of reactive ion-molecule collisions under low-temperature, low-density conditions,
with a perspective for astronomical research.

lonization source ——> @t

Movable quadrupole

CRESU Mass-selective mass spectrometer

reaction ion transfer line
chamber

\ Reservoir PRSP,

*% Hexapole
ion guide

de Laval nozzle Skimmer

Fig. 2. The CRESU reaction chamber to study ion-molecule reactions

We have developed an original method combining a uniform supersonic flow
reactor apparatus (CRESU) with a mass-selective source capable of producing ionic
species at thermal energies (down to about 10 K) [2]. The apparatus is equipped with a
guadrupole mass spectrometer, which allows the detection of ionic products in the range
of 0-100 amu in reactive collisions between molecular ions and neutral species [2]. We
combine then high-level ab initio theories with transition state theory methods to explore
the possible reaction pathways and calculate the reaction rates for each channel. The
combination of such experimental and theoretical tools allows one to follow the reaction
Kinetics and derive precise branching ratios. We have recently studied the reaction of N,*
with CsH, [3] and of Ar* with C,H, For both of them we found a significant temperature
dependence of the branching ratios.

[1] E. Roueff Applications: the Molecular Viewpoint of Interstellar Observations in
Gas-Phase Chemistry in Space ed. F. Lique & A. Faure (IOP Publishing, Bristol,
UK, 2019).

[2] B. Joalland, N. Jamal-Eddine, D. Papanastasiou, A. Lekkas, S. Carles, and L.
Biennier, J. Chem. Phys. 150, 164201 (2019).

[3] A. Mortada, S. Carles, S. Demes, B. Joalland, F. Lique, A. Benidar, P. Lavvas, and
L. Biennier, ACS Earth Space Chem. 6, 1227 (2022).
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KOMIT'IOTEPHA CUMVYJIALIA ITOTJIMHAJIBHUX XAPAKTEPUCTUK B4,C
10 KOMIIOHEHT CHHEKTPY I'AJIBMIBHOI'O BUITPOMIHIOBAHHSA
MIKPOTPOHA M-30

€.B. Oneitnikos, [.B. [Tununuunens, O.O. [Tapaar
Inemumym enekmponnoi @isuxu HAH Ykpainu, Yorczopoo
e-mail: zheka.net.ua@gmail.com

[Ipn BHUBYEHHI MeXaHI3My IiepeOiry peakiii (oTonoaily axkTHHIAIB Ta IX
XapaKTEePUCTHK, 110 HAJAI0Th BAXIJIMBY 1H(OpPMAILII0 MPO BIACTHBOCTI aTOMHHX fIED,
[IMPOKO BUKOPHUCTOBYIOTHCSI MyYKH TajbMIBHOTO BUITPOMIHIOBAHHS, sIKI OTPUMYIOTH Ha
CIEKTPOHHUX TPHUCKOpIOBadax (JiHIMHI, MikKpoTpoHH) [1]. ¥V mydkax TaabMiBHOTO
BUIIPOMIHIOBaHHS (IIpolLleC TeHepalii SKUX BIAOYBA€ThCS 3a PaxyHOK pajialiifHOro
raJIbMyBaHHSI €JIEKTPOHIB Yy MaTepiani KoHBepTepa (IepeTBOproBava €JIEKTPOHIB Yy
(dhoToHm)), okpiM (POTOHIB HASIBHI 3aJTUIIKOBI €JIEKTPOHU Ta BTOPUHHI (HOTOHEUTPOHHU [2].
3aJIMILIKOBI €JIEKTPOHU MNPHU B3AEMOJII 3 JOCHII)KYBAHHUMH 3pa3KaMu — aKTHHIIAMH -
MOXXYTh TI'€HEpyBaTH B HHUX BTOpPUHHI (POTOHM, siKI OyAyTh BIUIMBATH Ha MPOLEC
aktuBauli. KpiM TOro, BOHM MOXYThb THOIIKOJKYBaTH JOCHIIKYBaHI 3pa3Ku ix
TepMmaiizaiiclo. BTopuHHI  QOTOHEHTPOHM, YTBOPEHI Yy MOMJIMBUX KaHaJIax
€JIEKTPOsIIEpHUX Ta (POTOSJAEPHUX peaKlliid y MaTepiaiai KOHBEpTEPA, MOKYTh T€HEPYBaTH
JI0JIATKOB1 CYIyTHI HEWTPOHHI peakilii B aKTUHIJaX, Mepepi3u SKUX BUIIE IMepepisiB
peaxuiii porononiny [3]. Ix BHecOK MOXe CyTTEBO BILIMBATH HA TOYHICTh OTPHMAHHUX
€KCIIEpUMEHTAJIbHUX JaHuX. TOMy BHUHHKAa€ HarajbHa MoTpeda B “OYMCTII’ MyYKIB
raJibMiBHOTO BHIPOMIHIOBAaHHS, OTPMMaHUX Ha EJIEKTPOHHHX MPHUCKOpPIOBadax, MpU
MIPOBEICHHI MPOLEAYPH CTUMYJIALIT peakiii (OTONOALTY aKTHHIIIB.

Peanizamisi BKa3zaHOi 3ajadl JOCATAETHCS LUISIXOM 3aCTOCYBaHHS  (LIBTPIB
(BUTOTOBJIEHUX 3 MaTepialliB, AJisl SIKUX XapaKTEpHI BUCOKI €HEPreTUYH1 MOPOrd 1 Mal
nepepi3u B3a€MOJli 3 TajJbMIBHUM BUIIPOMIHIOBAHHSM 10 KaHajax (OTOSACPHUX
peakIiiif, Ta 1X BUCOKOI paJiallifHOI0 CTIMKICTIO) JJI MOTO0 OYMCTKH BiJ] 3aJUIIKOBHUX
CIICKTPOHIB Ta BTOPUHHHMX (QoToHeHTpoHiB [2]. Sk maTepian mns ¢inbTpa MOKe
BUKOPUCTOBYBATUCS KapOiam Oopy, 3aBISKM CBOIM sACpHO-(I3UYHUM Ta TEXHIYHUM
XapakTepucTukam [4].

Y npencraBieHit poOOTI MpUBENEHI pe3yiabTaTH KOMIT IOTEPHOT CHUMYJISIT
MOTJIMHATILHUX XapaKTepucTuk (koedirieHta TpaHcMmicii) ¢iIbTpa, BUTOTOBJIEHOTO 3
noporiky kapoimxy 6opy (B4C, paniyc — 20 MM, ToBImmMHA — 18 MM), CTOCOBHO TaJIbMIBHUX
(OTOHIB, 3aTUIIKOBUX E€JIEKTPOHIB Ta BTOPUHHUX (POTOHEHUTPOHIB, HAABHUX Y IMyYKax
TaJIbMIBHOTO BHUIPOMIHIOBAHHS, YTBOPEHHX IpPU B3a€EMOIl MPUCKOPEHUX EJIEKTPOHIB
(mns eneprii — 12.5, 14.5 1 17.5 MeB) 3 Ta-kouBeptrepoMm (IpsIMOKYTHOI (hopmH,
ToBUIMHOIO — 1 MM). @uibTp 3 B4C OyB po3miuieHuit Brputys A0 Ta-KoHBepTOpa 1o
LHEHTPY OCl mydka eyieKTpoHiB. KoedilieHTH TpaHCMICIi YaCTMHOK BH3HAYalUCsA 3a
BiJTHOIICHHSIM 1HTETPAJIBHUX 3HAYCHb iX EHEPTeTHMYHUX CIEKTPiB, PO3paxOBaHUX IS
BUITAJIKIB HASIBHOCTI Ta BIACYTHOCTI GiabTpa. Po3paxyHKu mpoBOAMINCS JIJIsl TATBMIBHUX
(OTOHIB, 3IUINKOBUX EJIIEKTPOHIB Ta (POTOHEHTPOHIB, SKI MOTPAIUBUIA Yy TUIOLMIUHY
BCTAHOBJICHHS 3pa3KiB aKTUHIIB IIPH X ONIPOMIHEHHI.
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Jl51s ipoBeIeHHSI KOMIT IOTEPHOTO MOJIEIIIOBAHHIO CIIEKTPiB (POTOHIB, 3AJIMIIIKOBUX
CJIEKTPOHIB Ta BTOPUHHUX (OTOHEHTPOHIB Oyia po3pobieHa mporpama Ha MoBi C++ 3
BUKOpUCTaHHsIM O10mioTeku kiaciB Geant-4 [5]. Ilporpama Oyna peanizoBaHa mij
wiargpopmy Windows 3 BHUKOPUCTAHHAM peXUMYy O0araTonoToKOBOCTI. Po3paxyHku
IIPOBOJMIIKCS 3 YpaXyBaHHAM KOHCTPYKTUBHUX OCOOJMBOCTEN Ta pO3MIpPiB By3jia BUBOY
€JIEKTPOHHOTO IMyYKa Yy MOBITPs MiKpoTpoHY M-30 [6] 11 BKa3aHUX €Heprii MepBUHHOTO
€JIEKTPOHHOTO Tyuyka. [loyaTkoBa KITBKICTh €IEKTPOHIB MpPHU MPOBEACHI MOJEIIOBaHb
ctaHoBwiIa — 1 E+8 npu X piBHOIMOBIpHOMY PO3IO/ILTI MO IUIOIIMHI MTy4Ka.

Y pe3yibTaTi MPOBEACHUX CHUMYJIILIN po3paxoBaHi KOEQIIIEHTH MOTIMHAHHS
Kkap0Oimom 6opy ranpMiBHUX (poToHIB (> 6 MeB), 3anumkoBux enexkTpoHis (> 6 MeB) Ta
BTOPUHHUX (POTOHEUTPOHIB (IIBUAKI).

BceranoBneno, mo npu Buxkopuctandi BsC-dineTpa B 3amexxHocTi Bif eHeprii
rajbMiBHOTO BuripomiHioBaHHs (12.5 + 17.5 MeB) nornunaerscs Big 6 10 1 % ¢GoToHIB
Ta Big 99 no 70 % enekTpoHIB BiJl iX MOYATKOBOiI KIIbKOCTI. Po3paxoBaHi 1HTErpalbHi
3HAYEHHS €HEPreTUYHUX CHEKTPIB 3AIMIIKOBHUX €JIEKTPOHIB (= 6 MeB) Bka3yroTsk, 110 ix
BHECKOM Yy TEHepaliio BTOpUHHHMX (OTOHIB (SKI TaKOXK MOXYTh OpaTH ydacTth y
JI0JTaTKOBIM cTUMYJISAIIT peakiii Gporonoauty) Ta (GOTOHEUTPOHIB HA MIMIECHSAX AKTHUHIIB
MOkHa 3HexTyBatu. [lornmuHaHHs QoToHeWTpoHiB cTaHOBUTH ~ 30 %. (Crarucruka
CUMYJIAIIT IS KIJTBKOCTI TOYaTKOBUX Mol E+8 He m03Bossie JOCTIIUTH 3aI€KHICTD Bl
eHeprii). Pe3ymbrat MojenOBaHHS =~ BKa3ylOThb Ha  BIJACYTHICTH jAedopmairii
EHEPreTUYHUX CIEeKTPiB (OTOHIB JJisi 00JACTI €HEprid BiJl MOPOTIB 0 MaKCUMaJIbHHUX
3HAYECHb.

JlonaTkoBO MPOBEACHI PO3pPaXyHKU JJISI PEATbHOTO 3pa3Ka akTUHOINY (IiameTp —
11 MM) npu eHeprii noyaTkoBUX eNeKTpoHIB 17.5 MeB. BcraHOBIEHO NPOLIEHTHI YaCTKU
KOMIIOHEHT CIEKTpa TajbMIBHOTO BUIPOMIHIOBAHHA, IO MOTPAIUIIIOThH HAa peaTbHHM
3pa3oK IO BITHOIIECHHIO JI0 THX, IO TOMAJal0Th y IUIOMIMHY BCTAaHOBIEHHS 3pa3ka. Ha
peanpHUI 3pa3ok Mpu BUKopucTaHHI ¢GinbTpa 3 B4C morpammsiors 11.1 % ransmiBHHX
¢dotoHiB, 4.0 % enexktponiB i 0.8 % poToHEUTPOHIB.

Po3paxoBani 3Ha4YeHHS KOE(IIEHTIB TpPaHCMICIT KOMIIOHEHT TallbMiBHOTO
BUNPOMIHIOBaHHSI (TaJbMIBHUX (DOTOHIB, 3aJMIIKOBUX E€JEKTPOHIB Ta BTOPUHHUX
dboToHeuTpoHiB) s (inbrpa, BUroTOoBNeHOro 3 ByC, Bukopucrtani s po3poOKH
ONTUMAJIBHUX CXEM CTUMYJIAIIT peakiiid (oTonmoauty akTHUHIIIB, JJs SKUX Iepepizu
HEUTPOHHOTO TOJUTY 3HAYHO MEPEBUIIYIOTh Tepepizu (HOTOMoMAUTy, Ha EJIeKTPOHHUX
MIPUCKOPIOBaYaX.

[1] A. Zilges et al. Progress in Particle and Nuclear Physics, 122, 103903 (2022).

[2] I.B. ITunumuusens Ta id., HBY kY, cep. ®@izuka 45, 50 (2019).

[3] Evaluated Nuclear Data File (ENDF). Database Version of 2022-04-20. https://www-
nds.iaea.org/exfor/endf.htm

[4] O.O. IMapnar Ta ix., [Tatrent Ykpainu Ha kopucHy Mmoaenb Ne 96384. 10.02.2015.

[5] GEANT4 10.7 (4 December 2020). https://geant4. web.cern.ch/support/download

[6] M.1. Pomanrok Ta iH., KypHan ¢iznaaux mociimkers 26, 1201 (2022).
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HIGH-TRANSPARENCY AND RESILIENCE 3D MICRO-OPTICS OF HYBRID-
POLYMER SZ72080™: MADE VIA ULTRAFAST LASER
NANOLITHOGRAPHY, CALCINATION AND ATOMIC LAYER DEPOSITION

K. Galvanauskas, D. Astrauskyté, R. Zvirblis, G. Bal¢as,

v —

Laser Research Center, Physics Faculty Vilnius University, Vilnius, Lithuania;
Optical Coatings Laboratory, Center for Physical Sciences and Technology,
Vilnius, Lithuania
e-mail: karolis.galvanauskas@ff.stud.vu.lt

Laser Direct Writing (LDW) allows fabrication of complex free-form structures,
particularly advantageous in micro-optic applications when used in conjunction with
high-optical performance polymers, such as SZ2080™ [1]. Nonetheless, high-complexity
and integrated micro-optical elements often manifest multiple interfaces, resulting in
increased Fresnel reflection losses, that are mitigated by Anti-Reflection coatings in
conventional optics. Conventional coating processes are incapable of producing uniform
coatings on micrometer-scale complex structures.

In this study, we propose the use of Atomic Layer Deposition (ALD) combined with
LDW for the fabrication of highly efficient anti-reflective (AR) coated functional free-
form sub-100 um micro-optical elements, including multi-layer platforms and triplet
objectives. Fig. 1 gives an overview of the fabrication process and Fig. 2 — the resulting
final functional triplet objective. Tenfold miniaturization in comparison with prior
publications [2] has been achieved.

) 100 fs b)
76 MHz |MIBK i— |
0.4 TW/cm?
63x/1.4 517 nm

Immersion oil

C
Substralte lrranersion oil Laser beam )
————= |

—, g :

M

Al
Al

Prepolymer  Polymerized structures

Fig. 1. Experiment overview: a) LDW 3D nano-fabrication setup; b) sample
development in MIBK, c) produced final structures.

We demonstrate that 60°C low-temperature deposition of aluminum oxide and
titanium oxide AR coatings using ALD is compatible with high-performance polymer
SZ2080™ structures fabricated using LDW. No loss of optical function was observed,
and a substantial increase in transmittance, up to 99.9% per interface, was achieved.
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These findings are suitable for use in highly efficient compound micro-lens arrays,
greatly integrated solutions, and low-loss photonic components, making them readily
available for Photonic Integrated Circuits (PICs) [3].

Fig. 2. Final structure: a) Scanning Electron Microscope image of an AR coated
triplet, b) USAF 1951 image viewed through a triplet.

Furthermore, heat treatment (calcination) of SZ2080™ polymer turns hybrid
structures into functional inorganic glass-like elements, improving their Laser-Induced
Damage Threshold (LIDT) up to 6.5 times. A pilot study in calcinated resilient micro-
optics will be presented along [4].

Based on the study described in the text, it can be concluded that the combination of
ALD and LDW can be used to fabricate highly efficient AR coated sub-100 pm complex
micro-optical elements. Additionally, calcination of polymer structures greatly improves
their LIDT.

[1] D. Gonzalez-Hernandez, S. Varapnickas, A. Bertoncini, C. Liberale, M. Malinauskas,
Advanced Optical Materials 11(1), 2201701 (2022).

[2] S. Ristok, P. Flad, H.Giessen, Optical Materials Express 12(5), 2063 (2022).

[3] K. Galvanauskas, D. Astrauskyte, G. Balcas, D. GaileviCius, L. Grineviéiute,
M. Malinauskas, Preprint (2023).

[4] D. Gailevicius, R. Zvirblis, K. Galvanauskas, M. Malinauskas, Preprint. (2023).
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ICTUHHHM MIOOHIIN TA KIHEMATUYHA CUMETPISI
B 3AJJAYI TPHOX TIJI

AL Taiicax®, M.I. Taiicak?

YVarceopoocwruii nayionansnuii ynieepcumem, Yoiceopoo
2[nemumym enexkmpounoi Qisuxu HAH Ykpainu, Yoceopoo
e-mail: andrii.haisak@uzhnu.edu.ua

IcTopyyHO TEpMiIH «MIOOHIM» 3aKpilUBCSA 3a JIOCUTh J00pe JOCHIKEHOIO
TEOPETHYHO 1 E€KCIIEPUMEHTAJIbHO €K30THYHOI aToMHOI0 cucteM (u*, €). Tomy mis
rimoTeTHyHoi  aTtoMHOi cuctemu (', W) MPONMOHYETHCSA  BXKHBATH  TEPMIH
«ICTHHHUI/CIIpaBXHIH MIOOHIH» (true muonium). Ha excneprMeHTalbHI IOIIYKH
TEOPETHYHO Tepen0adeHoro iCTUHHOTO MIOOHI0 [1,2] HamiIeHO psaA JOCTITHHUIIBKAX
rpyn [3,4]. OdikyeTbcs, IO EKCIEPUMEHTAIbHE BHBUYCHHS IMapaMeTpiB HAWMEHIIOl
aTOMHOI CUCTEMHU MOXK€e MpUBECTH 3a Mexki1 CTaHIapTHOI MOJIEIIL.

[TapaMeTpy aTOMHHX CHCTEM, SIKi CKJIQJalOThCS 3 YaCTUHKM 1 aHTHYacTuHKH ((e7,
e), (u, w), (n*, T), ...) BU3HAUaIOThCS TLILKK Macoro yacTUHKU. Lle o3Havae, 1o Bci Taki
CUCTEMH OIUCYIOTHCS OJHHMM 1 THUM e 0e3po3mipHuM piBHAHHM lllpeninrepa, B sskomy
BBakaeMo 7=e=m=1. ToOTo akTyanbH1 (I13U4HI BEJIUUYUHU 3aJAIOTHCA MOAN(PIKOBAHOIO
aTOMHOIO CHCTEMOIO OJTMHUIIb, B SKii MacmTad 3a/1a€ThCs MaCOI0 YACTHHKH.

AHaJIOT1YHA CHUTYyaIlisl BUHUKAE JJII aTOMHUX CHCTEM TPbhOX YaCTHHOK. PiBHSHHS
peninrepa st TPpOX YACTUHOK BHU3HAYAETHCS JIBOMA JIOJATKOBUMH OCOOIMBUMU
TOYKAMH, MTOJIOKEHHS SIKUX 3aJICKUTh BiJl BITHOIICHHS Mac KOMIIOHEHTHHX YaCTHHOK [5].
Jlms cucteM 13 YAacTMHOK OJHAKOBOI MacH IIOJIOKEHHS OCOOJHMBHX  TOYOK
nudepeHIliaTbHOTO PIBHSHHS HE 3MIHIOEThCS. 1e 1ae HaM MOXKIMBICTh 32 BETUYUHAMHU
3aI0BUTbHUX MapaMmeTpiB CUCTEMHU (€Heprii, po3Mmipy, ...), OTPUMAHUMHU B aTOMHIN
CUCTEMIi OJMHHIIb YUCEILHUM METOJOM JUIsS 10Ha MO3UTPOHI0 (€7, €, €°) [6], Bu3Hauatu
111 % TapaMeTpu JJIs CUCTEM 13 TPhOX MIOOHIB, MIOHIB, T-JICMITOHIB TOIIIO.

[1] V.N. Baier and V.S. Synakh, Sov. Phys. JETP 14, 1122 (1962).

[2] S.J. Brodsky and R.F. Lebed, Phys. Rev. Lett. 102, 21301 (2009).

[3] H. Lamm and Y. Ji, EPJ Web of Conf., 181, 01016 (2018).

[4] X.C. Vidal, P. llten, J. Plews, B. Shuve, and Y. Soreq, Phys. Rev. D 100,
053003 (2019).

[5] M.I. Haysak, I.I. Haysak, M. Nagy, V.V. Onysko, Acta Phys. Pol. A 142,
549(2022).

[6] G.V.F. Drake and M. Grigorescu, J. Phys. B 38, 3377(2005).
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CIHHEKTPAJIBHI BJIACTUBOCTI MOJIEKYJIA I''TIOTAMIHY

I. Momxomnal, M. Ceupu6a’, O. Monnap?, O. llInenux?, O. I'omonaiil

Ynemumym enexmpounnoi isuxu HAH Ypainu, Yaczopoo
2JIBH3 « YarccopoOcbkuti HayioHantbHutl yHieepcumemy
e-mail: moshkola96@gmail.com

['roTaMiH € HalOUIBII PO3IMOBCIOHKEHOI0 B OpraHi3Mi JIIOAUHU aMiHOKHCIIOTORO,
0 MpuiiMae ydacTb y OIOCHHTE31 OUIKIB, IHIIMX aMIHOKHUCIOT 1 TJIIOKO3u. BiH €
HEWpPOMEIaTOPHOI0 PEYOBHMHOIO 1 Oepe aKTUBHY y4acTh B a30THCTOMY OOMiHI,
BUPOOJICHH] ITyPUHIB Ta PETYJIALII KUCIOTHO-TY>KHOTO OaaHCy B oprasi3mi. [ moTaMiH €
TUIIOBUM O10MapKepoM, SIKUH BiAIrpae KUTTEBO BAXKIUBY POJIb MIPU HUPKOBIM 1 M S30B1H
TUCOYHKILISIX. AHOMaJbHUN PIBEHb TJIIOTaMIHY B OpraHi3Mi JIFOAWHW BUKIIHUKAE PICT
PaKOBHUX KIITUH. TOMY pIBEHb TJIIOTAMIHY B JIFOJCBKOMY OpraHi3Mmy, 30KpeMa KpoBi i
cedl, € BaXJIMBUM IapaMETPOM KIIIHIYHOI J1arHOCTUKU. € pI3HI METOAU BU3HAYEHHS
BMICTY TJIIOTaMiHy B Oiomarepianax. OJHUM 3 UyTJIMBUX 1 HMIBUAKUX METOIIB € METOA
¢bayopectieHTHOTO aHaiizy. ToMy BHBYEHHS CIEKTPaJbHUX XapaKTEPUCTHUK MOJEKYTU
TIIFOTaMiHY € aKTyaJbHUM.

JocnixeHHs: moBoauiucs Ha crektpodmoopodoromerpi “Shimadzu RF-6000.
Jlist 3amoOiraHHst momajgaHHs poscissHoro Y@ BunpoMiHiOBaHHS 30ymkeHHs (240—
380 HM) y BUMIpPIOBIBHUI MOHOXPOMATOp, TE€pea WOro BXIJHOK IIUIMHOIO
BcTaHoBIoBaBcs cBITIOPUILTp KC-11 (o6macte mpomyckanns >400 HM, KOe]illl€HT
nporyckanas >92 %).

Ha puc. 1 HaBegeHo cnekTpu (HOTOIOMIHECIEHIIT BOJIHOTO PO3YMHY TIIIOTAMIHY,
BUMIPSIHI MPU PI3HUX JOBKUHAX XBHJII 30Y/KYIOUOT'O BUIPOMIHIOBAHHS.
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Puc. 1. Cnextpu $HoTOMOMIHECIEHI[IT BOAHOTO PO3YMHY [NIIOTaMiHY, BUMIPSHI TIPU
PI3HUX JOBXHHAX XBUJI1 30yIKYyIOUOTO BUITPOMIHIOBAHHS.
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CriekTpy HOpPMOBaHI Ha IHTEHCUBHICTH 30yIKYIOUOrO BHUIIPOMIHIOBAHHS 1 Ha
MaKCUMaJIbHUIN cUTHAT (OTOTFOMIHECIICHITT 7151 TOBXUHU XBUii 240 HM. [HTEHCHBHICTh
30y KYIOUOTO BUIIPOMIHIOBaHHS BH3HAUaNacs 3a IJIOMICIO MOJIOC, MO CIIOCTEPITalucs y
apyromy mopsaky —audpakmii  (480—760 HM), TIpM  ONPOMIHEHHI KIOBETH 3
TUCTHIILOBAHOIO BOJIOK0.

Sk 6aunMo, crekTp (HOTOIFOMIHECIEHIIIT SIBIsSE COO0I0 MIUPOKUNA aCHUMETPUUHHM
MaKCHMyM Ha JOBXKHHI XBWII 551 HM, BHCOTa SKOTO 3aJ€KHUTh BiJl JOBKWHU XBHII
30y KYyHOUOTO BUTIPOMIHIOBAHHS.

OyuKI1iF0 30y HKSHHS JIFOMIHECIISHITI Ha TOBXHMHI XBIJI 551 HM HaBeeHO Ha puc. 2.
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Puc. 2. ®ynkiist 30y1KEHHS JTIOMIHECIICHIIIT Ha IOBXKUHI XBUJI 551 HM.

Ak 0OauMMo, BaJIGKHICTh Ma€ HEMOHOTOHHUM XxapakTep. MakcuMmalabHa
IHTEHCUBHICTb CIIOCTEpPIraeTbca s 30yaxyrouoro BumnpomiHioBaHHsS 240 um. Ilicis
HE3HAYHOIro 3MeHIIeHHs (260 HM) IHTEHCHBHICTh 3HOBY J€IIO 30UIBIIYETHCS MPHU
280 HM. 3 MOJaNbIIUM 3POCTAHHSM JOBXKHHH XBUJI 30Yy/KYIOUOTO BHIPOMIHIOBAHHS
IHTEHCHBHICTH (DOTOTFOMIHECIIEHIII Ha JIOBXKUHI XBUJIl 551 HM MOCTYIIOBO 3MEHIIIYETHCS.
Takuit Xi1 11i€l 3aJIGKHOCTI, Ha HAIl TOTJISAM, Y3TOJKYETHCS 31 CIIEKTPOM IOTJIMHAHHS
BOJIHOTO PO3YUHY TTroTaMiny [1].

[Ilo cTocyeThCs MPUPOIIN CIIOCTEPEKYBAHOTO MAKCUMYMY Ha JIOBXKMHI XBuJl 551
HM, TO Hapasi II¢ IUTaHHS 3aJIUIIAEThCs BiAKpuTHM. [lomepenHi BUCHOBKH, SIKI MOYKHA
3poOuTH, IONIATAIOTh y HAacTynmHoMYy. [lo-mepine, ayke BearKa pi3HUI MK JOBKUHAMHU
XBUJIb JIOBFOXBHJILOBOT CMYTH morMHAHHS (270 HM) 1 cMyrH JroMidecteH i (551 um)
BKa3ye Ha Te, IO CIIOCTEPEKyBaHE CBIYCHHS HE € PEe3yJbTaTOM PaaialliiHOTO MEePEXOAY
MDXK MEpIIUM 30yI)KEHUM 1 OCHOBHUM CHHIJIETHUMH PIBHAMM MOJIEKYJIH TitoTaminy. [1o-
Ipyre, acuMeTpuuHa (opMa CIIOCTEPEKYBaHOTO MAaKCHMyMy BKa3ye Ha Te, IO BiH,
CKOPIII 3a BCE, BIJIMOBIIa€ OUIBII HIX)K OJHOMY ONITUYHOMY TIEPEXO1y.

[1] S.L. Pahuja, J. Albert, T.W. Reid, J. Liquid Chromatography 7:11, 2261 (1984).
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I'BPUJHI HAHOCTPYKTYPH Fe;0s-Au TA FesO4-Ag JJISI PEAJIIBAILIL
E®EKTIB HIOBEPXHEBO NIICUJIEHOI KOJIUBAJIBHOI
CIHEKTPOCKOIIIL

M. Pannes?, O. ®ecenxo!, A. Spemkesuul, O. JIaBpuHEeHKO?

1SES nabopamopis, Incmumym ¢isuxu HAH Ykpainu, Kuis.
2 [ncmumym npobnem mamepianosunaecmea im. 1. M. @panyesuua HAH Yrpainu.
Email: RallevM@nas.gov.ua

Hanowactunku FesO4 € cynepnapamarHiTHUM —MaTepiajioM, SIKHM — IIHPOKO
BUKOPUCTOBYBABCS K y OlOMEAMIIMHI JJI1 LIJIOBOI JIOCTAaBKH JIIKIB Ta IMyHOAHAJI31B,
TaK 1 y IPOMHCIIOBOCTI JIJIs1 KaTAJIITUYHOTO PO3KIaIaHHsl, PEKYIbTUBALII MM1I36MHUX BOJI 1
00poOKM HeOe3MeYHUX BIAXOMAIB. Y il poOOTI MU BUBYAIM MOKJIMBOCTI BUKOPHUCTAHHS
riopugaux HaHOCTPYKTYp FesOs, MoaudikoBaHUX 30JI0TOM Ta CpiOJIOM JJisl MiJACUICHHS
PamaHiBCbKOTO CHUTHalMy pi3HUX OIOJOTIYHUX MOJIEKYJ. SIK TECTOBI MOJIEKYJHU
BUKOPHUCTOBYBAJIUCS TIINUH Ta TUMiH. ['10puaHi HaHouacTuHKKM FesOs4-Au Ta Fes04-Ag
Oyl1M CHHTE30BaHI 3a JOMOMOIOI METOAY OO0epTalbHO-KOPO31MHOIO JUCHEpPryBaHHS.
Xapakrepu3allito 3pa3KiB IMPOBEACHO 3a JOMOMOIOK PEHTTeHOrpadiuHOro METOoHY,
Mikpockormii, [4 Ta PamaHICBKOi CHEKTPOCKOIi, @ TaKOX CIEKTPOCKOIMIi BUIMUMOIO
nianazony. IY4 cnekrpu BumiproBanucsa Ha @yp'e cnekrpometpi “Bruker” (Himeuuuna),
CIIEKTPU PaMaHiBCHKOTO PO3CIIOBaHHS JOCIIDKyBaIMCS Ha MICr0-Raman crexkrpomerpi
”Renishaw” (BenukoOpuTaHis) 3 BAKOPUCTAHHAM Jiazepa A=633 HM, CIIEKTPH BUIUMOTO
Jliana3oHy oTpuMyBaKcs Ha ciekTpoMmetpl Shimadzu (SnoHis).

Mu nociiKyBainu CIEKTPU KOMOIHAIIMHOTO PO3CIIOBaHHS TUMIHY Ta TUIIMHY Ha
riopuaanx komruiekcax FesOs-Au ta FesO4-Ag (muB. puc. 1 ta 2).
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Puc. 1. PamaniBcbki cnexkTpu HaHo- Puc. 2 PamaHIBChKI CIIEKTPH HAHOYACTHHOK
JacTHHOK THMiHYy Ha: & — FesOsAQ; b - rminuHy 3 pi3HUMH KOMIUIEKCaMu: a -
guctuii Thy; ¢ — Fe3OsAU. Konnenrpamis unctuit Gly; b — FesOsAu; ¢, d — Fez0a.
po3uuHy — 1 Mr/mi. Bucamxeno 15,7 ur/m? riinuny.
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OcHoBHI pe3yabTaTu podoOTH:
1) Hamu mokazano, mo riopuani HaHodacTHHKN FesOs-Au ta FesOs-Ag MOXyTh

Oytu BukopucTtadi sk SERS migkmaauHky Juis AETEKTYBaHHS 010JI0TTYHUX MOJICKYII.

2) Orpumano miacuieHHs PamaniBcbkoro cur”any Bifg Tuminy (Thy) Ta rminuny
(Gly), ancopboBanux Ha 111 T1OpHJIHI HAHOCTPYKTYpH. Bu3HaueHo, 1110 pi3HI MOJEKYJISIpHI
IPyNH MiACUIIOIOTHCA MO-PI3HOMY, 3aJI€KHO BIJ] THUITY B3a€EMO/IIT Ta OpI€HTAIlI] MOJICKYJIH
BIJIHOCHO TIOBEpXHi. SIK CBim4aTh pe3yibTaTH JOCIIDKEHb, OTpPHMaHI HaHOTIOpUIU
BOJIOAIIOTh BJIACTUBOCTAMM OJIaTOPOJHUX METaJiB, Ha SIKUX 30yIKYIOThCS IIa3MOHHI
KOJIMBaHHS Ta 30epiraioTh MpH LIbOMY MarHiTHI BIACTUBOCTI.

3) Ilokazano, mo Gly ximiuyHO ancopOyerbes Ha FezOs, a came kapOokcuiiaTHa
rpyna 3B'si3aHa 3 KaTIOHaAMU 3alli3a Ha MOBEPXHI HAHOYACTUHOK CUMETPUYHO Yepe3 JiBa
atomu kucHio, ae rpyna COO- yTBopro€e MOCTOBUH OiJIGHTaTHUN THI KOBAJIEHTHOIO
3B’s13Ky. Lle cBIQUUTH Mpo Te, MO TIIIHUH XeMOCOPOYETHCS HA MOBEPXHIO HAHOYACTUHOK
FesO4 uepe3 kapOOKCHIaTHY TPYITy, 3aJIMIIAI0YH BUTbHO BiAKpuTi aminHi (—NHy) rpymu.

4) Hanoxommekcu FezO4-Au-Gly matots aktuBHI pyHKuioHanbHi rpynu (—NHz) Ha
MOBEpXHi, SKI HE Juiie cTabimi3yroTh HaHouacTUHKN FesO4-Au, ane i1 3abe3nedyroTh
JOCTYIIHY TIOBEpPXHIO IS 3BUYaiiHOI KOH'toramii O10MOJEeKyJ/JiKiB 4epe3 Jo0pe
po3po0ieHy XiMito OlOKOH'toramii s psay OloMeIMYHUX 3acTOCyBaHb. Bucoka BojHa
KOJIOiIHA CTaOUIbHICTh, HU3bKa TOKCHUYHICTH 1 XOpOIlla 3JaTHICTh JO CaMOHArpiBaHHS
poOJISATH 111 HOBI HAHOYACTHHKU MPUIATHUMHU TAKOX JIJISl TINEPTEPMIUYHOTO JIIKYBaHHS
paxy.

5) Iokputts 3 61aropoAHUX METaNiB, 3JaTHUX MIATPUMYBATH JIOKAIbHI TJIa3MOHHI1
KOJIMBaHHA, Ha moBepxHi MarHiTHUX HY 30epiratoTh iX BIACTHBOCTI Ta MOKPAIIYIOTh
6iocyMmicHicTh. OTKe, 3aCTOCyBaHHA TIOpUIHUX MarHiTHo-masMoHHux HY mozBossie
BUKOPUCTOBYBATH KOMIUIEKC YHIKaJbHUX BJIACTUBOCTEH iX CKIIAJIOBUX 1 peaii3oByBaTH
HOBI BJIJACTUBOCTI, 1110 BUHUKAIOTh BHACIIIOK B3aEMHOTO BIUTMBY KOMITOHEHTIB.

3 ogHOTO OOKY, OTpHMaHI HaMU PE3yJIbTaTH MOKHA BUKOPHUCTATH JJIsI PO3POOKH
gyyrnuBuXx SERS migkmamok ais JeTeKTyBaHHS Ta aHali3y HaIMalluX KUIbKOCTEH
XIMIYHUX peareHTiB. 3 1HIIOro OOKY, 3a paxyHOK BUCOKHX aJCOPOLIMHUX BIACTHBOCTEH
Fe304, momiOHI CTPYKTYpPU MOXYTh BUKOPHCTOBYBATHCS SIK MOHITOPUHT Ta QiIBTPU AJS
3aXOIUICHHS Ta JIETEKTYBAaHHs IIKIIJIMBUX PEYOBHH y cepenoBuii. Omepkadi B poOoTi
pe3yNbTaTH MOXYTh OyTH BUKOPHUCTaHI B 610J0Tii /st po3po0Ku 0104imiB 1 610CEHCOPIB
(BU3HAUCHHS HYKJIETHOBMX KHCJIOT, OUIKIB 1 METAaOONITIB) Ta y MEIUIMHI (CKPUHIHT
JTKapChKUX PEYOBUH, BUSBJICHHS aHTUTLI 1 aHTUTCHIB, JIIaTHOCTUKA 1H(EKITIi).
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OCOBJHMBOCTI PAJIOHYKJIIHOI'O CKJIALY HAMYJIIB I'TPCbKUX
BUTOKIB p. TUCA (BAKAPIATTS, YKPAIHCbKUH MACHB)

H.I. Cpatiox’, B.T. Macmok?!, O.I. Cumkannu?, O.A. Tapmnaiil, M.I1. Bizenko?

Ynemumym enexmponnoi gisuxu Hayionanvnoi akademii nayx Ypainu, Yaceopoo
2JIBH3 « Yarccopodcvkuii Hayionanbuuil yrisepcumemy, Yac2opoo
e-mail: svatiuknatalia@gmail.com

Bigomoro € Bucoka 1H(QOPMATHUBHICTh PaJI0CKOJIOTIYHOIO MOHITOPUHTY II0JI0
€KOJIOTIYHOTO CTaHy, Oe3MeKH, CTPYKTYpPH HA3eMHOI PaJi0aKTHUBHOCTI 3a BMICTOM HeE
JUIIe XIMIYHUX €JIEMEHTIB, aje M iX 130TOMIB, BIUIMBY SK TIEOXIMIYHUX, TaK 1
TEXHOTEHHUX I[TOKa3HUKIB Ha CKJIaJ OO0’€KTIB JOBKULIA. 3akaprarTsi € YHIKaIbHUM
PErioOHOM, TIPChKI AUISHKM SKOTO € Ba)KJIMBUM UYMHHUKOM (DOPMYBAHHS MOBITPSHUX 1
BogHuX pecypciB CxigHoi Ta ILlenTtpanbHoi €Bponu. ['Ipchki pIYKH € Ba)XJIMBUM
€JIEMEHTOM TMPUPOJIHOI EKOCHCTEMH, SIKMH BHU3HAYA€ OCOOJIMBOCTI KUTTEHISIBLHOCTI
HACEJIEHHS Ta TOCMOAapChbKOTro OCBOEHHS i1 OaceiiHy. Came ToMy paJl0eKOJIOTTYHHIA CTaH
MOBEPXHEBUX BOJ 1 MPWIETIUX TEPUTOPIA € BAXKIMBUM NPEIMETOM HAyKOBUX
nociipkeHb. OcoOfiMBa BaXKIJIMBICTh TMOMIOHUX JIOCTIKEHb BIUyTHA JJII BOJHOIO
OaceitHy Ta mpuieriux Teputopii p. Tuca, sika Oepe Mo4yarok y TipChbKUX paioHax
Vkpaincskux Kapnar. Tuca — oana 3 Benukux nputok JyHato. [i nosxuna — 966 xm. Ha
TepUTOpii YKpaiHU pOo3TaIlIOBaHO JIMIIIE BEPXIB'sl pIUKH, JOBXKHUHA AKOTO ckiagae 201 kwm.
Tuca nmounHaeThCcsl Ha MiBHIY Bl M. PaxiB 1 ¢popmyeThes 3nuTTsAM pivok Yopna 1 Bina
Tuca ta npuiimae cBoi npasi nputoku: TepecBy, Tepedito, Piky, bopkaBy, JlaTopuirio ta
Vx. Bci BoHM CBOIMHU pycCiiaMH MPOpPi3al0Th TOPH U pa3oM 3 BOJAaMHU HECYTh KaMiHHS,
MICOK, HaMyJI, sIKI BIJIKJIaJal0ThCcsl B HU30B'sX pik. OcobnuBicTio piuku Tuca € Te, 1m0
BEJIMKA MPOTSHKHICTD i1 BO0300py MPOXOUTH 10 KOPJIOHY 3 PyMyHi€r0 Ta YTOpIIMHOIO.
[Ile oHI€IO0 CYTTEBOIO BIIMIHHICTIO TPCHKUX PIYOK € 3HaYHA KIJIbKICTh TBEPAOTO CTOKY,
AKUW TPAHCIIOPTYETHCA PYCIOM PIYOK, Y BHUIJISIl TalbKK Ta PO3MUTOI IJIMHU (3aBUCII
MYJIOBI Ta MIIIaH1l YACTUHKH).

Mirpaiisi pagloakTUBHHX €JIEMEHTIB 3 BOJAOI, BIIOYBA€ThCS MPHU IMEPEMILIEHHI
PaIIOAKTUBHUX YACTUHOK 3 BOJHUM IIOTOKOM, a TaKOX IUIIXOM MepPeMIIICHHS
PO3YMHHKMX (POpM pai0aKTUBHHX PEYOBHMH Ha IUIOIII, IO PO3TAllOBaHA HMKYE MICIIS
BUHOCY. JIOHHI ocaau MICTATh 0araro OpraHiyHOi PEYOBMHU Ta MIHEPAIHHOTO
KOJIOITHOTO MaTepially, a TOMY € XOPOIIUMHU COpOEHTaMH 1, IEBHOIO Mipoio, (PIKCYIOThH
PamIOHYKIITHUM CKIaj Boau. OCKIIBKM BIAJalb MIXK TOYKaMH MPoOOBIIOOPY HE
nepeBunrye 5-15 kM, 1€ JTO3BOJIIE BCTAHOBUTH JDKepeia Ta NUISXH IMOTPATUISTHHS
PaIIOHYKIIIIIB Y JOHHI BIAKIAACHHS JOCTIIKYBaHOT PIUKH.

Jis  paZioeKOJIOriYHOTO JOCTIKEeHHsT pluku Tuca Oyno BUOpaHO cXemy 3
MOYaTKOM MPOOOBIIO0PY y BepXiB’i piuku (Buile cena fciHs), J€ BIUIMB JIOAMHU Ha
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€KOCHCTEMY HalMEHIIWH; 1HII K TOYKM BUOMPAIOTHCS HUXKYE 3a TEUIEI0 PIUKH, e
AQHTPOTIOTEHHE HaBaHTAXXEHHS 3pPOCTA€ 3a PaXyHOK 30UIBIICHHS TyCTOTH HACEJICHHS,
KUIBKOCTI HEOYMIICHUX CTIYHMX BOJ, IO BIJBOJATHCS B PIUKYy, 3pOCTaHHS KIJIBKOCTI
HEKOHTPOJIBOBAHUX CMITTE3BAJUI B3JIOBXK OCperiB Ta 3MEHIIEHHS JIICHUCTOCTI.
KpaitHpo1o TOUKOIO AOCHIKEHHs I piukd Tuca € Touka B ceni Buiok (KopaoH 3
VYropiuHo10).

BumipioBanHsa cepiii raMma-CIeKTpiB JOHHHMX BiJIKJIaAiB OaceiHiB piuku Tuca
npoBoawiaucs Ha cnekrpomerpuuHomy kommiekci “ORTEC” 3 HPGe-gerexkTopom
06’emom 150 cM®. Tlig yac mpoBeleHHS BUMIpPIB IOCTIHHO 3/iACHIOBABCS KOHTPOIb
npeiidy eHepreTUYHOi IIKalIM, PO3AUIPHOI 3JaTHOCTI Ta e(PEeKTHMBHOCTI peecTparltii
CIIEKTPOMETPUYHOTO KOMILJIEKCY 3a JOIMOMOTOI TOYKOBUX CTaHJApTHUX TaMMa-
aktuBHHX Jkepen °'Co ta %°Co. Jlpeiid yxazanux napamerpis He nepesuIyBas 1%.

Factor Losdings, Factor 1 va. Factor 2 Factor Loadings, Factor 1 va. Facher 2
1.0 . . - " 1.0

TI20S I |
08 - — 1 'd -
B2 0B | ) ____)
\?\ 08 ! B
) I|' i 208
o 04 a2l | &
= o
2 02 ‘ | : =
.. | | Ac2ze - .
t‘: 0.0 \ /- '_| 0.2 NI \‘\
o 027 Aq.w/ 4
oS - E 40 -
=) 0.0
™ 0.4 e ——— - 2 12 ”1.2"‘"
= % 3 & cEkm—_— o=
0.6 . = = 02 .
Ca 137 —
e 04 Cal
1.0

-0.2 0.0 0.2 0.4 0.6 0a 1.0 1.2

Factor 1: 59 % 18 03 a8 27 05 a5 0 o3
Fackor 1: 61,76 "o

a) 0)
Puc. 1. EkciepuMeHTabHI pe3ynbTaTH (aKTOPHOTO aHAII3Y
a) Yopna Tuca; 6 ) bina Tuca

Pucynok 1 umoctpye pesynbTatel akTopHOro aHamizy auvisHku Yopuoi Tucu. 3
PE3YABTATIB CIIIYE, MO I BEPXHBOI JUISTHKA JAOCIIIKYBaHOI JUISTHKA p. Tuca cTymiHb
OMU3BKOCTI Mk npupoAHiMu pagioaktusaumu psagamu U\Th Ta “°K e Ginbimoro, Hixk y
HU3UHHUX i1 JUISHKAX, MPUYOMY Ha KOPEJSII0 MDK TPUPOIHIMHU PAJaMU TEXHOTCHHA
ckiragoBa ='Cs He BHocUTh BKIamy. OTpuMaHi pe3y/lbTaTH pamiOEKONOTiYHOTO
JOCIDKCHHS € Ty)Ke BOKJIMBUMHU, OCKUIBKA BOHU JO3BOJISIIOTh HE TUIBKU OIIHUTH BILJIUB
MPOAYKTIB TEXHOTEHHOI MISUTBHOCTI SK aTOMHMX, TaK 1 TEIUIOBUX EJIEKTPOCTAHIA B
VYkpaini ta kpaiHax €Bpormu, ajge ¥ KOHTPOJIOBATH PIBEHb HEOE3MEKH JJIsi HACCICHHS

Kpal BiJl PpajloaKTUBHOTO 3a0pyIHEHHS, IO TEPEHOCUThCS Ha 3HAYHI BiIgamli
MOBITPSTHUMH TTOTOKAMH.
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JOCJLZKEHHSA HEHTPIB 3ABAPBJIEHHA Y TO3UMETPAX AT
(LiF: Mg, Ti), OMPOMIHEHUX EJIEKTPOHAMM 3 EHEPT'IE€IO 18 MeB

O.M. Iom, I.T'. Merena, M.1. Tajininr, M.IT. Bizenko

Inemumym enekmponnoi gizsuxu HAH Ykpainu, Yorceopoo
e-mail: oksana_pop@i.ua

Binomo, mo tepmomtominectierinist (TCJI) onpominenux kpucraniB LiF, meroBanunx
Mg, Ti, BHKOPHUCTOBYEThCS ISl 1HIMBIAYAJIBHOTO JIO3UMETPUYHOTO KOHTPOJIIO
nepcoHany. TakoX BHBYAETHCA MOJKJIMBICTh iX BHUKOPHCTaHHA Yy KIIHIYHIA Ta
TEXHOJIOTI4HIM JO3UMETpii, HAmpUKIaJ, 3a IX ONTHUYHUMHU XapaKTepPUCTUKAMH. 3MiHA
ONTHYHOTO noriuHaHHs 3pas3kiB LiF: Mg, Ti, onpoMiHEHHX raMMa-KBaHTaMH JKEPEIOM
%0Co 1o 103 2,83x10° I'p, nocaigxena y pooori [1].

Y nanHiii poOOTI BHUBYAETHCS MOXJIMBICTH BUKOPUCTAHHS 3MIHM ONTHYHOTO
nornuHaHHa B onpoMiHeHux kpuctamax T (LiF: Mg, Ti) anga kiiHi4HOI Ta
TEXHOJIOT1YHO1 jgo3umeTpii. 3 mieto wmertoro kpuctamu HTL  (LiF: Mg, Ti)
ONpOMiHIOBalUCh Ha MikpoTpoHni M-30 emnepricro 17,5 MeB ¢umroencamu 1x10%2 —
1x10* ex!, mo Bignosigac normmHyruM gpozam  mopsaky 10°I'p. OmnpomineHns
CJIEKTPOHAMM 3JIIMCHIOBAJIOCh Ha MiKpoTpoHi M-30 Bimaity (oTosaepHUX MpPOIECIB
Inctutyry enextponnoi ¢izuku HAH VYkpainu. Ilone omnpomiHeHHSI CTBOPIOBAJIOCS
PO3CIFOBaHHSM BHMBEJCHOI'O ITyYKa Ha TOHKIA TaHTAJOBIA MIIIEHI TOBIIMHOW 50 MKM 3
BUKOPUCTAaHHAM  (OPMYIOUOro  KojJimMaTopa, SKUH IOKpallyBaB  OIHOPIAHICTb
€JIEKTPOHHOTO IMy4YKa Ha MICLI BCTAHOBJIEHHS 3pa3kiB. ONpOMIHEHHS €JIEKTPOHHUM
Iy4KOM BIJIOYBAETHCS Y CYNPOBOJI TaJbMIBHOTO ONPOMIHEHHSI TaMMa-KBaHTaMHU.
@roeHC Ha MICIl BCTAHOBJICEHHSI 3pa3KiB BH3HAYaBCS 3a CTPYMOM HPUCKOPEHUX
€JIEKTPOHIB, SIKWW BUMIiproBaBcs HuiiHaApoM Dapazes 3 KaiOpoBaHUM BX1AHUM OTBOPOM.
Huningpom Papanes kaniOpyBaBcs MPO30PUl MOHITOp BTOPUHHOI €MICIi, i €IHAHUM
710 THTErpaTopa CTpyMmy.

VY naniit pobOTI MPEACTABICHO PE3yJIbTaTH AOCTIHPKEHHS ONTUYHOTO TMOTJIMHAHHS
3paskiB [ TT, sike BumiproBanucs crnektpodhoromerpom CD-46. JlocnimkeHo cTaHIapTHI
spasku JATD (LiF: Mg, Ti) miamerpom Smm ToBmMHOKO 1 MM. SIK 1 TIpu ONpOMIHEHH1
ramMma-kBaHTamMu [l], mpu  ONPOMIHEHHI BUCOKOCHEPTETUYHHUMH  €JIECKTPOHAMH
CIIOCTEpITAEThCS OJHAKOBI ILIEHTPU 3a0apBIICHHS: TPU MEHIIUX JI03aX — F-IleHTpu
(240 um), sxi nmpunucyroThes BakaHcii F, 1110 3axonuia enektpoH, Ta R-ientp (310 HM) —
arperat F-mieHTpiB; mpu OLIBIIMX J03aX YTBOPHOEThCS M-1ieHTp (450 HM) — HaNEKUTh
0iBakancii F. Ilpu 1mpomy ompomiHEeHUH 3pa3oK 3MIHMB Koiip Ha uepBoHMil. [lpu
30inbmeni  ¢uroency > 1x10%° komip 3MIHIOETBCS HAa 3€NEHUM, IO 3YMOBJIEHO
YTBOPEHHSIM CMyru mnoriauHanHs npu 630 um. Lleli meHTp He € CTaOLIbHUM,
IHTEHCUBHICTh MOT0 3MEHIITYEThCS 3 4acOM 30€piraHHsl 3paskKa.

JIns BU3HAUEHHS KOHIIGHTpallii IEHTpIB 3abapBieHHs Fi1 B 3al€XHOCTI Bia 103U
ONMPOMIHEHHS BUKOPUCTAHO criBBlAHOEHHsT CMmakynu-/lekcrepa.

[1] Lakshmanan A.R. Nuclear Instruments and Methods in Physics Research B 83, 196
(1993).
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METOJIUKA TEPMOIOHHOI'O HAHECEHHS ITOKPUTTIB
3 HIONEPEJAHIM BOMBAPAYBAHHAM INTOBEPXHI HIAKJIAJAKH
HOTOKOM HU3BKOEHEPI'ETUYHHUX IOHIB

A.0. I'peuko, I.M. Cepena, €.B. babenko, M.O. AzapeHkoB

Xapkisecvkuii HayionanvHul yHieepcumem imeni B.H. Kapasina, Xapxie
e-mail: ya.hrechko@karazin.ua

BakyymMHO-TI1a3MOBI  METOJM HAHECEHHA (PYHKIIOHATBHUX MOKPUTTIB IIHUPOKO
BUKOPUCTOBYIOTHCS IS TIABUIICHHS HAIIAHOCTI Ta MOBrOBIYHOCTI JETajed MaIvH i
MEXaHi3MiB, Pi3aJIbHOTO 1THCTPYMEHTY, TEXHOJOTIYHOTO OCHAIIIEHHS, a TAKOXK Y CyJYacHIH
MIKpPO- Ta HAHOEJEKTPOHMUIII SISl HAHECEHHS CTPYMOMPOBIIHUX Ta JIIENEKTPUYHUX II1aPiB
pi3HOI TOBIIMHU [1].

Oxpeme Miclie cepell ICHYIOUHUX BaKyyMHO-TIJIa3MOBUX METO/1B HAHECEHHS M10C1/1a€e
€JICKTPOHHO-TIPOMEHEBHUI METOJ, SKUH 3a YMOB (DOKYCYBaHHSI €JIEKTPOHHOTO IMy4Ka
03BOJISI€ OTPUMYBaTH BHCOKY (10 108 BT/cM?) KOHIIEHTpAaLiI0 IOTYKHOCTI Ha MillleHi Ta
BHCOKY TeMIIepaTypy, 3a0e3Meuyrourd IpH IIbOMY BHCOKY IIBHKICTH BHUIIAPOBYBAHHSI
HaBITh HAWOUIBII TYTOIUIaBKMX MarepianiB. [IpoTe OCHOBHMM HOro HEJOJIKOM €
HeOe3MeKa eIeKTPUYHOro Mpo0oto, 1110 BUHUKAE MPU TPAHCIIOPTYBAHHI IPUCKOPEHOTO J10
20 kB moTy»HOTO €JIeKTPOHHOIO IMy4Ka, Ta KPUTHYHICTh MPUCKOPIOIOYOi CHCTEMH JI0
CTpHUOKIB TUCKY. ATbTEPHATUBOIO TAKOTO METO/Y € TUIa3MOBUH €JIEKTPOHHO-TTPOMEHEBUI
METO/I, JIe EMITEPOM EJICKTPOHIB CIIYKUTh TJIa3Ma, a MPUCKOPEHHS MydKa BiJI0yBa€ThCA Y
MPHUITOBEPXHEBOMY IIapi 00’ €MHOTO 3apsiay MillIeHi, 10 BUMapoByeThes [2]. [ToTykHICT
HarpiBy B I[IbOMY BHIAJKy PETYIIOETHCS SIK TPUKIAICHOI 10 MIIIEH! MOPIBHSHO
HU3BbKOIO Hampyrow (A0 1 kB), Tak 1 CTpyMOM €IeKTPOHHOTO My4Ka, SIKUI 3aJIeKUTh Bl
rycTiuHd mia3mu. [IpudoMy HarpiB 3paska 3A1HMCHIOETHCS PIBHOMIPHO 3 YCiX OOKiB, a
omepalliifHi PU3UKHA MO0 EJIEKTPUYHOTO MPOOOI0 BUSBISIOTHCS HEKPUTUUHUMHU O
CTpHUOKIB TUCKY ITPU BUTIAPOBYBAHHI PEUOBUHHU.

BaxxnmuBUM YMHHHUKOM TEXHOJOTIYHOTO MPOIECY HAHECEHHS MOKPHUTTIB € TaKOXK
MiITOTOBKA TOBEPXHI, III0 BKJIOYAE€ OKPIM MEXaHIYHOTO OYMIINCHHS 1IIe U
OomOaplyBaHHSI TOBEPXHI TMIJAKIAJKH IHTEHCUBHUM IIOTOKOM HHU3bKOCHEPTETUYHUX
ioniB. lleit meron cmpuse po3irpiBaHHIO MOBEPXHI J0 HEOOXIIHOI TeMIlepaTypH,
JI03BOJISIE BUJIAJIMTU HE TUIBKM BCl MOBEPXHEBI JOMIIIKK, a W 3a0e3neuye OYUIIEHHS
BEPXHBOTO NIAPY KPUCTATIYHOI PENNTKU MPUOIN3HO HA TTHOWHY B JIEKIJIbKAa HAHOMETPIB,
HE 3MIHIOIOUM NpHU LbOMY ii CTpyKTypy. O0unBa 1 edextu 3a0e3meuyroTh BHCOKHUN
CTYIIHb aAre3ii MOKPUTTIB 10 MOBEPXHI MIIKIAIKHA Ta 3MEHIIICHHS! BHYTPIIIHBOI HAPYTH
MOKPUTTA [3].

Hamu 3ampornoHoBaHa METOIWKAa HAHECEHHs MOKPUTTIB, sIKa TOEJHYE B OJHOMY
TEXHOJOTIYHOMY  IHUKJl  TPOIECM 10HHOTO  OYHWILIEHHS  IOBEPXHI  MOTOKOM
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HU3BKOCHEPTreTUYHHUX 10HIB Ta IUIa3MOBOIO €JIEKTPOHHO-TIPOMEHEBOI'O BHUIIAPOBYBAHHS
pedyoBuHH. [IpuyoMy QopMyBaHHS Ta NPUCKOPEHHS IMOTOKIB 3aps/KEHUX YACTUHOK
B110yBa€ThCs B 000X BUMAAKaX Yy MIapi 00’ €MHOTO 3apsay Oe3Mocepe/IHbO 01715 TOBEPXHI.
[lepenbavaeTscs, 10 Taka METOAMKA JIO3BOJUTH CTBOPIOBATH Ta OOpOOISATH
(yHKITIOHATBHI TIOKPUTTS 0e€3 pagialiifHuX TMOMIKO/KEeHb JUIS TOKpaIleHHS iX
TEXHOJIOTTYHUX XapaKTEPUCTUK.

JlJis BUBUEHHSI MEXaH13My MPUIIOBEPXHEBOTO (HOPMyBaHHS IHTEHCUBHOT'O 10HHOTO
MOTOKY HM3BKOI €Heprii JUisl MOMEepeJHhOT0 OYMIICHHS IMOBEPXHI Mepe]] HaHECEHHSIM
HOKPUTTS OyJI0 JOCIIKEHO T'YCTUHY 10HHOTO CTPyMY 3 TUTa3MHU, CTBOPEHOI HKEPEIOM Ha
OCHOBI JYTOBOTO PO3psiy 3 TEPMOKaTOIOM. BHU3HayeH1 3aJ€KHOCTI T'YCTUHH 10HHOTO
CTpyMy BiJl MOYaTKOBUX IMapaMeTpiB eKkcrepuMmeHTy. HaBeneHi pe3ynbTaTé 0O0poOKH
noBepxHi 3paska (TiZr/TiS1)N motokoMm ioHIB 13 1uiazmMu. OTpumaHi 300paskeHHS 31
CKaHYIOYOTO €JICKTPOHHOTO MIKPOCKOIAa TMOKa3aiu, 10 Taka 0o0poOKa MPU3BOAUTH 10
OUMIIEHHS MMOBEPXHEBOTO IIApy BiJ PI3HUX 3a0pyAHEHb 0€3 MOUIKOMKEHb 1 CTBOPIOE
MAKIAAKY JUIS TOJABIIOT0 TEPMOIOHHOTO OCAPKEHHS MOKPHUTTS 3 BUCOKUM CTYIIEHEM
aaresii.

[Tporec TepMOIOHHOTO HaHECEHHS TOKPUTTIB BKJIIOYA€ B cebe popMyBaHHS T'yCTOl
(mo 10 cm®) TepmoioHHOi mImasmm, 3a paxyHOK BUIIAPOBYBAHHS PEYOBMHH, KA B
MOJAJIBIIIOMY OCaJDKYEThCSl Ha MIAKIAAKY Yy BUIIIAAI TOKPUTTS. bynu mpoBeneHi
JOCIIUKEHHS MEXaHI3My TEPMOIOHHOTO OCa/UKEHHS MOHOIIAPY Ha MONEpPEaHbO
OUHMIIEHY 10HHUM OOMOapayBaHHSIM MiJKIAAKY. SIk Marepian, 110 BUIIAPOBYETHCS, OyB
BUOpaHUM TUTaH, KU OCaJKyBaBCA Ha MIAKIAAKY 3 HEp)KaBiouoi ctanl. Bussieni Ha
MOPSIIOK BUILI 3HAYEHHS 10HHOTO CTPYyMY Ha MIJKJIAAKYy IpU (GOpMYBaHHS TEPMOIOHHOL
MJIa3MHU  CBITYaTh MPO CYTTEBE MIABUIICHHS IIBHIKOCTI TIpoliecy HaHeceHHs. lle
MOSICHIOETBCSI TUM, IO MpU (PopMyBaHHI TEPMOIOHHOI TJIa3MHU BiIOYBAETHCS YTBOPECHHS
MOABIWHOTO 1Iapy 00’ €MHOTO 3apsiay [2], SKHil MPUCKOPIOE 10HU BiJl TOBEPXHI PEYOBHHH,
[0 BUMAPOBYETHCS, JO MIAKIAIKH, a TaKOXX HAsSBHICTIO JOJAaTKOBOTO MEXaHI3MY
reHepaitlii 10HiB y BCbOMY 00’€M1 KaMepH B YMOBax PO3BUTKY HECAMOCTIMHOIO TJIIFOYOIrO
po3psiay, ikl OyJI0 BUSBIICHO y MONEPEAHIX JOCHTIKEHHX [4].

OtpumaHi 300pa’k€HHS TOBEPXHI 3pa3ka 31 CKaHYIYOro eJeKTPOHHOTO
MIKPOCKOIIa TIOKa3aJid, 110 MOKPUTTS TUTaHy IIPH TEPMOIOHHOMY HaHECEHH1 PIBHOMIPHO
PO3MOJIJICHE TI0 MIOBEPXHI MiAKIAAKH, 0€3 HasBHOI KparneiabHoi (a3u.

[1] O.Bb. I'aciit, HaykoBuii Bicauk HJITY Ykpainu 28, 85 (2018).

[2] I.V. Borgun, et al., Problems of Atomic Science and Technology 4, 61 (2013).
[3] V.A Belous, et al., East European Journal of Physics 4, 98 (2018).

[4] I.N. Misiura, et al., Problems of Atomic Science and Technology 6, 149
(2014).
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B3AEMOJIS1 EJJEKTPOHIB HU3bKHUX EIjIEPFIﬁ 3 MOJIEKYJIAMH
JIEMIIUHY TA I30JIEULIUHY

B.I1. banenko, JI.I'. Pomanosa, O.B. Ilanmn, B.C. Bykctuu

Inemumym enekmponnoi @isuxu HAH Ykpainu, Yorczopoo
e-mail: BalenkoBohdan@gmail.com

EneMenTapHi mporecu B3a€MOJIl EJIEKTPOHIB PI3HOTO Jlama3oHy €Heprid 3
010JIOTIYHUMH MOJIEKYJIaMH, K1 BXOJATH 10 CKJIAAy >KMBUX OpraHi3MiB, Jal0Th BaXIJIUBY
iHdopmariito Tpo mepedir mporeciB OIOXIMIYHOTO XapakTepy B KIITHHI Tif €0
10HI3yI0UOTO BHUMPOMIHIOBaHHSA. HH3bKOEHEPTreTHYHI €NEeKTPOHMU 3aTHI BUKIMKATU
pyliHyBaHHs a00 3MiHM KOH]Irypamii amiHOKUCIOT, $KIi € eJeMEHTapHUMHU
CTPYKTYPHUMH OJUHMUISIMM  OUIKOBHUX MOJIEKYJ, 110 HPU3BOJIUTH JI0 PO3PUBIB
MOJICKYJIIPHUX 3B’SI3KIB Yy TOJINENTUAHUX JaHIorax OuikiB [1]. BusHaueHHs eHeprii
MOSIBU  10HI30BaHUX (parMeHTIB MOJIEKYJ BHACHIIOK JHMCOLIAlli TOpH  Mac-
CHEKTPOMETPUYHUX JOCHTIDKECHHIX Ja€ MOXJIHUBICTH OTPUMATH TOPOTOBI BEITUYMHU
€HEeprid EeJEeKTPOHIB, MpPHU SAKUX BIAOYBAIOTHCA PO3PUBU BHYTPIIIHBOMOJIEKYJISIPHUX
3B’SI3KIB 1 MOXYThb BHKOPHUCTOBYBAaTHUCA Ui MOJEIIOBAaHHS pEeakliid po3naxy
O1omoTiMepiB Ha KIITUHHOMY PiBHI.

JlocniakeHHsT B3a€MOJIli aMIHOKHUCIIOT 3 MOBUIBHUMH €JIEKTPOHAMH IPOBOJUIIOCA
Ha MOJIEPHI30BAaHOMY MarHiTHOMy mac-crekrpomeTpi MI 1201 Bigainy enekTpoHHUX
npoueciB 1 eneMmeHtapHux B3aemonid IE® HAH Vkpainu. /lana exnepumeHTanbHa
YCTaHOBKA JJA€ MOKIIMBOCTI JJIsI OCTIIKEHHS OUIAIIOPOrOBUX €HEPreTUYHUX 3aJIEKHOCTEN
e(eKTUBHOCTI 10HI3alli 1 (parMeHTallii CKIaJHUX OPraHIYHUX CHOJYK (y TOMY 4HCHi 1
Oiomonekyn) [2] . Mac-criekTpu 103BOJISIOTH OTPUMATH 1H(QOPMAITIIO MO0 11eHTH IKAIIT
CIIOCTEPEKYBAHUX IMIKiB, BU3HAYEHHS iX XIMIYHOTO CKJaJy, a TaKOX 3alpOrNOHYyBaTU
KaHaJIM JUCOIIaIli, K1 MPU3BOAATH J0 MOSBU OCHOBHHUX 10HIB [3] .

Hamu Oynm oTpumaHi Mac-CHEKTPH MOJEKYJI aMIHOKHUCIOT —JIEHIIMHY Ta
13oneitiuay (CgH13NO2), siki MarOTh OAHAKOBUN aTOMAapHUN CKJIAad 1 BiIPI3HSAIOTHCS
OyZn0BOIO OIYHOrO pajvKaia, 1IeHTU()PIKOBAHO OCHOBHI MPOIYKTH pO3MaJy BKa3aHUX
MOJIEKYJ mif Jii€ro enekTpoHiB Manux (10 100 eB) enepriii Ta BCTAaHOBJIEHO 1X XIMIUHHM
ckyiazn. 3poOJieHO aHalli3 BIUIMBY CTPYKTYpH OIYHOTO pajJuKajga MOJEKYJ JICHITMHY Ta
130JIeWLIMHY Ha nepedir AucoIialii MOJIeKyJIIpHOTO 10Ha.

[1] L. Sanche, Eur. Phys. J. D 35, 367 (2005).

[2] V.S. Vukstich, A.l. Imre, A.VV. Snegursky, Instrum. Exper. Tech. 54, 207
(2011).

[3] C.G. Herbert, R.A.W. Johnstone, Mass Spectrometry Basics (CRC Press LLC,
Boca Raton, Florida, 2003).
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BEJIMKOMACIUTABHI CTPYKTYPH BCECBITY:
CMOCTEPE)XHI JAHI, MATEMATAYHI
TA IT-METOAU JOCJIJUKEHHS

I.b. BaBuiioBa

Tonosna acmponomiuna oocepsamopiss HAH Yxpainu, Kuis, Yxpaina
e-mail: irivav@mao.kiev.ua

Benukomacmtabna ctpykrypa (BMC) BeecBiTy € BeO-Mepexeto, 10 CKTa-Ta€ThCs
3 IOCTaTHHO IIUIBHHUX IJIACTIB, PO3ALICHUX OOJACTIMU — BOWIAMU, B SIKUX MPAKTHYHO
BIJICYTHS BHIUMa MaTepis (auB. puc. 1 3 podotu [1]). ®opMmyBaHHS Ta €BOJIOMIS TaKOi
MEpEeXKI1 1EpapXIYHUX CTPYKTYp BcCecBiTy TiCHO MOB’Si3aHO 3 MPUPOIOI0 TEMHOI Matepii,
o aoMinye y maci Beecity (3a nanumu WMAP dactka pedoBHHHM B €HEPIETUYHOMY
CKBIBaJICHTI CTaHOBUTH ~30 %, e TeMHoi MaTepii ~25 %, Buaumoi ~5 %).

Puc. 1. Posmomin 48651 ramaktuk 3
ormsiny SDSS  DR9 wHa 4epBoHuX
smimeHHax 0,02<z<0,1 (3oHa cXujIeHb O
= 45°) sk umocTpamis komipuacti BMC
BcecpiTy: yepBoHMI KOMIp — €MNOTHYHI 1

z
(~400 Mp<)

JIH30110110H1 TaIaKTUKU (E-S0a,
N=24916), OmakuTHUN — cHipajbHi Ta
1pperynspHi rajgaKkTUKU (Sa-Irr,

N=23735). Tlokazano pekinmpka BMC
ctpykryp: SDSS Great Wall, SDSS
voids, CfA2 Great Wall, Great Attractor
ta Zone of Avoidance (3oHa yHUKaHHS
, : Hamoi ['amaktuku) [1]. (1 mx = 3,26 cB.
i p= 30,86 tpiH kM, Z = 0,1 =~ 400 mrIK)

Komipku wmepexxi BMC BcecBiTy mnpencraBieHi TalaKTHKaMd 1  IXHIMHU
CKYMUEHHSIMU Ta HAJCKYIMYEHHSIMHU, K1 KOHUEHTPYIOTHCS Y BUTHYTHX CTIHKaX TOBIIHMHO
mopsinky 10 MiH cB. p., MO TEPETHHAIOTHCA OAHA 3 OaHOK. OKpemi CTIHKA
MPOCTEKYIOTHCA HA COTHI MJIH CBITJIOBUX POKiB. OJHUM 13 MPUKIAIIB MJacTiB € Benuka
Crina (CfA2 Greet Wall) po3mipom 65u3bk0 500 MIIH CB. p. 1 TOBIIMHOKO 15 MIH CB. p.,
siKa 3HaXOJuThCs Ha BifcTaHi 200 MJH CB. p., a HalOUTBII Benuye3How € Benuka CtiHa
Cnoyn (SDSS Great Wall) nosxunoro 1,37 mipa cB. p. Y By3/iax NEPETHHY CTIHOK
3HAaXOJAThCS HAJICKYMTUEHHS TaJlakKTUK, Y TOW 4Yac sIK y BHYTPIIIHIX YaCTHHAX KOMIPOK
(Boii1ax) MIUIbHICTH TaJaKTUK BJIECSATEPO MEHIIE 3a cepenHto. Ha Biacransx monaza 300

Mk (3 % Big po3mipy Meraramaktuku, ~1 mipa cB. p.) BMC BcecBity cTae moctynoBo
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onHOpiaHOW 1 130TpomHOi0. YactnHy BMC BceecBiTy 3anumaeTbcsi HEBHIUMOIO IS
3eMHOT0 CIocTepiraya, OCKUIbKM BOHA 3aKpuTa noriauHaHHsaM Mosounoro Lnsaxy (Zone
of Avoidance, 3oHa yHUKaHHS).

Jocnimxenus po3noaity ranaktuk y BMC BceecBiTy, BHECKY 1 CKJIaIHUKIB TEMHOI
Marepli B OKpeMHX ii CTPYKTypax, aHali3 (i3UYHUX MPOIECIB, IO BiAOYBAIOTHCS Yy
BUJIUMHUX CTPYKTypax MOTPeOYyIOTh HOBITHIX MIAXOJIB, 3aCHOBAHUX HA MaTeMAaTHUYHUX
METOJIaX, YMCEIbHUX MOJENOBaHHAX, [T-po3pobkax 1 mporpaMHuX 3a0e3MEUEHHAX AJIS
Bi3yamizamii 1 OOpoOKM Benuye3Hux Oa3 JaHMX, M0 HAKONUYMIUCS B apXiBax
CIIOCTEPEKEHb HA3eMHUMHU 1 KOCMIYHUMHU TeJeCKomamMu Mpo OaraTto-XBUIIbOBI
BJIACTUBOCTI TAJIAKTHUK, CKyTYE€Hb raJJaKTUK, MKTaJaKTUYHE CEPEIOBUIIIE.

VY nonosiai OyAyTh BUCBITIEHI METOAM 1 pe3yJbTaTH JOCIIKEHb 3 aKIEHTOM Ha
Ti, SKI BUKOPUCTOBYIOTHCA Y BIIJIUII IMO3arajakTUYHOI acTpOHOMIi Ta acTpoiHdop-
matukn '’AO HAH VYkpainu 3a yuacti Mmojgoaux BueHuX. Cepen TaKuxX: METOJ MO3aiKH
BopoHoro BUIIKX MOPSAKIB AJIs MONIYKY MaJOHACEICHUX TPYTI TAIAKTHUK 1 BMICTY TEMHOI
Marepii B HUX [2], meron Jlarpanxka-3enproBUya JUisl TOLIYKY W ONUCY CTPYKTYpH
BOWIiB [3], ™MeToa KOMMIO3UTHHX cHekTpiB JlaliMaH-micy st JAOCIIIKEHb
MDKIaJJaKTUYHOTO  cepelloBUIla [4], METOAM MOCHIJKEHHSI TalaKTUK 3 aKTUBHUMU
sapaMHi 1 MPOLECiB, IO BiAOYBAIOThCS B CHUCTEMI «aKpeUIMHUN TUCK — HaJMacHBHA
yopHa aipa» [5, 6], METOau MAaIIMHHOTO HaBYaHHS [Js BIATBOPEHHS BiJCTaHEH a0
rajiakTuk [7] 1 kiacugikanii raJlakTuK 3a OTOMETPUYHUMHU MapaMeTpamu [8] Ta IXHIMH
300pakeHHsMH [9], a Takox okpemi mmpokoBkuBaHi I13 (3okpema lllustris) s
MOJICJIFOBAHHS €BOJIIOLIT BEIMKOMACIITA0HUX CTPYKTyp Bceecsiry.

[1] I. Vavilova, D. Dobrycheva, M. Vasylenko et al. Multiwavelength extragalactic
surveys: examples of data-mining (Elsevier, 2020) ISBN 978-0-128-19154-5.

[2] I. Vavilova, A. Elyiv, D. Dobrycheva, O. Melnyk. The Voronoi tessellation
method in astronomy (Springer, Cham, 2021) ISBN 978-3-030-65867-0

[3] A. Elyiv, M. Federico, G. Pollina et al. MNRAS, 448, 1, p. 642-653 (2015).
[4] O. Torbaniuk, A. Ivashchenko. Kinem. Phys. Cel. Bodies, 33, p. 184-190
(2017).

[5] lu. Babyk, B.R. McNamara, P.E.J. Nulsen et al. ApJ, 862, article id. 39 (2018).
[6] N. Pulatova, I. Vavilova, U. Sawangwit et al. MNRAS, 447, p.2209-2223
(2015).

[7] A. Elyiv, O. Melnyk, I. Vavilova et al. Astron. Astrophys., 635, article id.
Al124 (2020).

[8] I.B. Vavilova, D.V. Dobrycheva, M.Yu. Vasylenko et al. Astron. Astrophys.,
648, article id. A122 (2021).

[9] V. Khramtsov, I.B. Vavilova, D.V. Dobrycheva et al. Space Science &
Technol., 28, 5, p. 27-55 (2022).
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AJIBTEPHATUBHA MIKPOEHEPI'ETUKA

0. Monnap

Yoiceopoocoxuii nayionanvrutl ynisepcumem, kageopa izuxku HanienposioHUKis,
Yorceopoo

e-mail: alexander.molnar@uzhnu.edu.ua

[TpoGiemu, MoOB’A3aH1 3 3arajlbHUM MOTEIUTIHHSAM, CTBOPWJIHM CBITOBY HOTpeOy B
po3po01Il Ta BUTOTOBJICHHI CYyYaCHUX EJIIEKTPOHHUX KOMIIOHEHT 3 MIKPO MOTYXKHHM
€HEeProCIOXKUBAHHIM Ta aIbTEPHATUBHUX CUCTEM >KUBJICHHS JJI HUX, K1 MPALIOIOTh Ha
OCHOBI BIJHOBIIOBAJBbHUX JKepen eHeprii. Komu MoBa iige mpo albTepHATUBHY
€HEPreTuKy, MM 3raJyeMO BITPSIHY, COHAYHY a00 T1IPOEHEPreTUKY (IMOTYXKHICTIO COTHI
MeraBaT), OJHaK JJIsl JKUBJICHHS CYYaCHMX MOOUIBHUX MPHUCTPOIB, MOOYTOBHX abo
MIPOMUCIIOBUX IHTEPHET peueil ab0 HaBITh JIFOJACHKUX IMIUIAHTIB HEOOX1JTHO CTBOPIOBATH
JDKepesa >KMBJICHHS 3 BUXIJIHOIO HANpyrow Ha PiBHI OJUHMIL BOJBT Ta CTPYMOM Y
Jliana3oHl B COTEHb HAaHOAMIIEp O JCCATKIB Mikpoamrep. s nboro Moxyth OyTu
BUKOPHUCTaHI sIK BioMi (i3M4Hi €(deKTH — Ha OCHOBI €JEKTPOMArHiTHOI 1HAYKIIII,
1’ €30€JIEKTPUYHOTO0-, (OTOCTEKTPUYHOTO-, a00 MIPOETEKTPUYHOTO €(EeKTiB, TaK 1
HECTaHJApTHI JKepesia KUBJCHHS Ha OCHOBI PaJlOXBUJIbOBUX, TPUOOENEKTPUYHUX,
OloeeKTpUYHUX ab0 010XIMIYHUX MEPEeTBOPrOBavYiB. BoHM Xoua 1 JaBHO BiJIOMI, OJTHAK
JuIie 3apa3  3’ABWJIACS MOXJIMBICTH Ta HEOOXIAHICTh iXHBOTO IPAKTHYHOTO
BUKOPUCTAaHHA. BUIbIIICTh NOAIOHUX CUCTEM >KUBJIEHHS BUKOPUCTOBYIOTH JIMIIE OJUH 3
nepepaxoBaHux e(pekTiB abo SIBULI, IO CYTTEBO OOMEXYIOTh iXHE BUKOPUCTAHHS, OJTHAK
ICHYIOTh Mareplajd, 3JaTHI OJHOYacCHO TEpPETBOPIOBAaTH pi3HI BHAM E€HEprii B
ENEKTPUYHUN CTPYM.

[ienekTpukn Puc. 1. B3aeM03B’ 130K MiK pi3HUMH

| e MaTepianamu Ta GpizuydHi ePeKTH, sSKi
] ; % ‘ .
MOXYTh OyTH BHKOPHCTaHI  SIK
JoKepena KUBJICHHS.

" CerHeTo-
enekTPpUKN -

doToenekTpuyHi |
+ BCi nonepegHi

&

OpHuM 3 HaWMEepCHeKTUBHIMIMX MaTepiaiiB albTEPHATUBHOI MIKPOCHEPIETHKHU €
CETHETOCNEKTPUKHU. Sk moKa3zaHo Ha puc. 1. BOHM MOXYTh MEPETBOPIOBATH MEXaHIYHUI
pyx (MHIAHMNA, OUKIIYHUA a00 KOJMMBHUK) B EIEKTPUYHMM CTPyM 3aBISKH
TpubOeneKTpuIHOMY eeKTy, aedopmaillii, CTACHEHHIO ab0 PO3TATYBAHHIO, 32 PaXyHOK
1’ €30€JIEKTPUYHOTO  €(eKTy, 3MIHM ab00 KOJWBAaHHS TEMIEpATyph 3a PaXyHOK
MIPOEIEKTPUYHOTO €EKTy, a TAKOK OCBITIICHHS 32 PaXyHOK (DOTOEIEKTPHUUHOTO €(DEKTY.
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Hamu  po3poOieni  ajnbTepHAaTHUBHI ~ MIKpPONEPETBOPIOBaul ~ HAa  OCHOBI
CEeTHETOCNEeKTpUKiB  pizHoro Tumy 3D  SnP,Sg ta 2D CulnP,Ss, 3matHmMx
BUKOPHCTOBYBATH BCl paHillle MepesIiueHl 30BHINIHI BIUIUBU Ha €JICKTPUYHUN CTPYM SK
HECKIHYEHEe JDKEPEJIO eHeprii MepcoHaIbHOI CHUCTEMM TeJIeMETpii IJid CIIBPOOITHUKIB
CITy’k0 TIOPATYHKY.

HaBaHTaeHHs

Cuna Tenno Csitno

Pyx Pyx i & )KOHﬂeHcaTOpM
L EaTgﬁaﬂ 3anycky
a =

Puc. 2. CtpykTypHa-cxema Ta MiAKIIOUYEHHS CErHETOEIEKTPUYHOTO
NepeTBOpIoBaya (a) Ta Miclle oro po3TauryBaHHs Ha Tl CIIBPOOITHUKA CITYKOU
MOPATYHKY (6).

KoHcTpyk1is 3anporioHOBaHOTO HAMU NIEPETBOPIOBaYaA Iy Ke IMPOCTa 1 MOKa3aHa Ha
PUCYHKY 2a. AKTUBHHI MOHOKpHCTaNiyHmii map 2 kpuctana CulnP,Sg po3mimieHnit Mix
HaIBIIPO30PUM €JIEKTpoJAOM | (HamuJeHUM TOHKHM IIap OKCHAY 0JIOBa) 1 OCHOBHUM
enekTpoaomM-HocieM 3 3 ToHkoro (1 mm) amtoMminito. Ll ceHaBIU-CTPYKTypa, 3aBISKU
CETHETOCJIEKTPUYHUM BIIACTUBOCTSAM aKTUBHOTO Marepiaiy, MepeTBoproe nedopmariito
a00 CTUCHEHHS (3aBISKH IT'€30€TEKTPUYHOMY €(EeKTy), OCBITICHHS (3aBISKH
boToenekTpuayHOMY e(DEeKTY) 1 3MIHY TeMIlepaTypHu (3aBASKU MIPOCICKTPUIHOMY €(PEKTY)
B €JIEKTPUYHUI CTPYyM, IPUYOMY OJHOYACHO.

HuxHst yacTiHa mepeTBOpIOBaya, M0 CKIAJAETHCS 3 ATIOMIHIEBUX €JIEKTPOIIB 3,
THYYKMX TYMOBHX 130JIITOpiB 4 Ta aKTHBHOI pe4oBHMHH (mopomiky SnyP,Sg) 5,
3aMIIMiIacs MpakTUYHO HE3MIHHOKO [ 1], 3a BUHATKOM (OpMH €NEeKTPOIIB 3, AKi 3aBISKH
3D-apxiTekTypi 3MOTJIM BUKOPHCTOBYBATH PyX HE TIIbKA y BEPTHKAIBHOMY, a W y
TrOPU30HTAJbHOMY  HampsiMKy. Llg  dyacTMHa  mepeTBoproBaYa  BUKOPHCTOBYE
TpuboenekTpuuHuil [2] Ta n'e3oenekTpuyHuil [3] edeKTu s MepeTBOPEHHS pyXy ado
BiOpanii B eynekTpuuHuil cTpyM. IleperBoproBau Moke OyTH 3aKpilUICHHA Ha OJs31
MOKEKHHUKA JJIS )KMBJICHHS MOOLJILHOT CHCTEMH MepCOHANBLHOT TeemeTpii [4, 5].

[1] A. Molnar, D. Gal, H. Ban, V. Gerasimov, Integrated Ferroelectrics 220, 110 (2021).

[2] O. Molnar, V. Gerasimov, I.P. Kurytnik, Przeglad Elektrotechniczny 1, 167 (2018).

[3] A.A. Monnap, W.II. Kyputuuk, B.B. T'epacumon, J[.JK. KapabekoBa, BectHuk
KaparanauHckoro ynuepcutera, Cepust @uznka 4(80), 62 (2015).

[4] A. Molnar, V. Gerasimov, I.P. Kurytnik, Pomiary Automatyka Robotyka 20, 11
(2016).

[5] 0.0. Momnap, I'.'I. Ban, JI.JI. Tan, B.B. I'epacumos, Komm'torepHo-iHTerpoBasi
texnouorii 30-31, 244 (2018).
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OKCHUIHO-KEPAMIYHI TIOKPUTTSI HA TUTAHI I MOT'O CILTIABAX
BIOMEINYHOT' O IPU3HAYEHHA

O. KaniHiueHko

Jlepoicasruii suwuti Hag4aabHULl 3aKk1a0 YKpaincokui 0epicasrull
XiMiKo-mexHoo2iunull yHigepcumem, /[ninpo, Ykpaina
e-mail: kalinichenkoolegl@gmail.com

Jana poOoTa HampaBi€Ha Ha JOCHII)KEHHS YMOB OTpPUMaHHsS OlOMEIUYHHUX
MOKPUTTIB, iX BJIACTUBOCTEH Ta CHOCOOIB BHKOPHUCTAaHHS. BHACTIIOK PpPOCIHCHKOTO
MOBHOMACIITAOHOTO BTOPTHEHHS B YKpaiHy 3HayHa KIJbKICTh BIHCHKOBOCITYXOOBIIIB Ta
LIMBUIBHUX OTPUMAaJM NMOpPaHEHHs. ['amy3b YKpaiHCHKMX IMIUIAHTATIB NMOTpeOye HOBUX
TEXHOJIOT1 00pOOKHU MOBEPXHI ISl MOKPAIIEHHS iX BIACTUBOCTEN Ta MIJBUIIEHHS PIBHS
SIKOCT1 HaJIJaHHSI TAKUX HEOOX1AHUX MEAUYHUX MOCTYT.

Ha pi3HHX eTanax JOCHIIKEeHb IepeBara BijjaBajgacs 010JI0TTYHO IHEPTHUM, TOOTO
HE TOKCUYHUM 1 CTIMKMM J0 OIlOXIMIYHMX BIUIMBIB OpraHi3My JIOJUHU Marepianam:
KOpO31HHO-CTIMKUM MeTajiaM (TUTaHy 1 MOro cIuiaBaMm, HEpKaBilOWikl cTaii Ta 1H.),
KepamiIli (KOPYH/IOBIH, JTUOKCUAITUPKOH1€B1H Ta 1H.) 1 rjracTMacam
(monmiMeTuIMETaKpuiIaTy, BHCOKOMOJEKYJSIpHOMY ToiieTuiieny). OnHak Ol0iHepTHI
MaTepiaiyd  3HAMIIIM  Juiie OOMEXEHE 3aCTOCYBaHHS B PEKOHCTPYKTHUBHO-
BIJIHOBIIOBAJIbHIN XIpyprii dYepe3 HEeMHHyYl peakiii BigroprHeHHs [1]. 3marHicTh
IMILJTAaHTATy J0 1HTErpaiii 3 KICTKOBOI TKAaHWHOIO MOK€ OYyTH JOCATHYTa HaHECEHHSIM
010aKTUBHHUX MOKPUTTIB — TOOTO cUMO103y MeTally (OCHOBA) 1 KepaMiku (MOKpUTTH). s
HAaHECEHHS TaKUX HOKPUTTIB Oyno oO0paHO METOoJ IUIa3MOBO-EJIEKTPOIITHYHOTO
okcuayBaHHs (ITEO).

[ToxkputTss oTpuMyBanu Ha cmuaBax Tutany BT6 (ckmag B mac. %: Fe < 0,6;
C<0,1; S1<0,1; V=3,5+53; N <0,05; Al =53+6,8; 2<0,3; 0<0,2; H<0,015),
Ti-6Al-4V (cknag B mac. %: Al = 5.5+6.75; V = 3.5+4.5; N = 0.05; C =0.08; Fe = 0.3;
H = 0.015; O = 0.2), Ti-13Nb-13Zr (ckmax B mac. %: Nb = 12,5+14,0; Zr = 12,5+14,0;
Fe < 0,25; C < 0,08; N < 0,05; O <0,15; H < 0,015), Ti Grade 4 (cknang y mac. %:
Fe<0,5; C 0,08, O <0,4; N<0,05 0<0,15 H < 0,015) Ha ekcnepuMeHTaJIbHIH
YCTAHOBLI IJIa3MOBO-EJIEKTPOJIITUYHOIO OKCHAYBAaHHS 3 MO3UTHBHOIO 1 HEraTHBHOIO
CKJIQJIOBOIO TO CTPYMy NIpPH PI3HUX 4YacTOTax, TPUBAJIOCTI TPOILECY Ta Yy PI3HUX
po3unHax. SIK eIeKTPONIT BHKOPUCTOBYBadW BOJHI po3umHH cosner Ca 1 P pizHmx
CKJIAJIIB 1 KOHIICHTPAIIIH.

[Ticnss oTpumaHHS BUMIPIOBAJIIM TOBIIMHY Ta oTpumyBaniu SEM 300paxeHHs
NOKpUTTIB. Pe3ynbTaTn HaBeaeHo y Tadaui 1.

3pazok Nel, oxepkaHMM TpU BHUCOKOMY CTpyMi 1 HU3bKIA YacToTi, Mae
HEpIBHOMIPHE TOHKE MOKPUTTS, HENpHUAATHE sl BUKOpUCTaHHSA. OpHak 3pa3ok No2,
OTPUMAaHUW B TOMY K €JIEKTPOJITI B 1HHIOMY PEXHUMI, Ma€ piBHE OAHOPITHE MOKPUTTS
rapHoi sikocTl. 3pa3ku Ne2-10, siki HAaHECeH1 Ha CIUIaBM METaJiB pi3HOI (OpMHU, MAIOThH
PIBHOMIpHE TIOKPUTTS TOBIIMHOIO 16-70 MKM Ta MOXYTb BUKOPHCTOBYBATHUCS JJIs
MOJIaJIbIINX BUIPOOYBaHHb.
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Ta6aunus 1. YMOBH HaHECEHHSI IOKPUTTIB Ta PE3YIBTATH 1X JOCIIIKEHb.

Cuna
. o | cTPymy, | Yacro- | Tpusa- | Tosuwm-
Ne CmuiaB EneKTpgan Ne, aHoy / Ta, JICTh, Ha, SEM
BMICT
KaToJ, I'o XB MKM
A
Ti Nel
! Grade 4 Caz(PO4)2 31 50 > 52
Ti Nel SRR e
2 BT-6 Cas(POw)2 0,3/0,2 100 5 48 faaders. s Ll o
No2
Ti Ca(H2POu4)2
3 Grade 4 | Ca(CH:COO), 0,5/0,5 300 5 17,48
*xH20
No2
Ti Ca(H2PO4)2
4| BT-6 | Ca(CHsCOO), | 0 | 300 > 22
*xH20
No2
. Ca(H2POs).
5 | Ti-15Mo Ca(CH3CO0), 1/0,5 300 5 19,98
*xH20
No2
Ti-13Zr- | Ca(H2POa)2
6 13Nb Ca(CHsCOO), 3/1,5 300 5 16,42
*xH20
. Ne3
7 T'lgﬁér Ca(HPOs)2 | 2/1,9 300 5 19,48
NaOH
Ti Ne3
8 BT-6 Ca(H2POa4)2 0,5/0,2 300 5 23
NaOH
N4
Ti NasPsO1s
d BT-6 Ca(CH3COO)2 0.9/0.,6 300 > 70
*xH20
N4
Ti-13Zr- NasPsO1s
10 13Nb Ca(CHCOO), 2/1 300 10 58,6
*xH20

[1] JI.O. CHixko, O.Bb. I'ipin, B.O. T'onosenko, O.0. Kaniniuenko, K.B. PoeHko,
[Tna3mMoBO-€NEKTPOITUIHUN CHUHTE3 O10CYMICHUX TTOKPUTTIB Ha CIJIaBaX TUTAHY
i maruiro (ABH3 YAXTY, duinpo, 2019).
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BIIJIUB EHEPI'II 35Y[)KEHHSI HA ®OPMYBAHHSI ®PATMEHTIB
®OTONOJALTY 28U I HEPLIOIO LHIAHCY

€.B. Oneiinikos, [.B. [Tumumaunens, O.0. [Tapnar

Inemumym enekmponnoi gizsuxu HAH Ykpainu, Yorceopoo
e-mail: zheka.net.ua@gmail.com

Buxonu pparmMeHTiB — OJMH 13 OCHOBHHX IapaMeTpiB, KU XapaKTepU3ye MpoIiec
dboTomnoiy aKTHUHIIB, BUKIWKAE K (PyHIAMEHTAIbHUHN, TaK 1 MPaKTUYHHUI 1HTEpecC
[1,2]. V 3B’s3Ky 3 1M iCHY€ MOCTiiHa oTpeda y po3poOlli Ta BUKOPUCTAHHI HaIiHHUX
METO/[IB BU3HAUECHHS TapaMeTpiB ILOTO MPOIeCy, SKUW BiOYBAa€ThCS TPHU B3aEMOIT
(OTOHIB 3 aKTUHIZAAMH, a TAKOX Y MPOBEJACHHI CUCTEMAaTUYHHUX 1 MaKCUMaJIbHO TOYHHUX
PO3paxyHKiB HOT0 XapaKTepPUCTHK.
@doTOHM TNpU B3aEMOJIT 3 AaKTUHIJAMU MPUBHOCATH BIIHOCHO Mayli 3MIHU Yy
30y I>KEHHSI TIOPIBHSIHO 3 3apsKEHUMHU YaCTHHKAMHU, 110 JI03BOJISIE OTPUMYBATH MOAUIbHI
a]lpa 3 MaJIOI0 €Hepriero 30yKeHHs Oe3nmocepeHbo Michs iX moriauHaHHSA. ToOTo 11e
JI03BOJIsSIE BUBYATH Mpoliec HOTONoALTY AJisl 001aCTi €HEPTii mepiioro maHcy (10 emicii
nepea-noAubHUX). Lle crpolnye iHTEpOpeTaniro OTPUMAaHUX PE3YJbTATIB Ta JO3BOJISIE
pOOUTH MPAKTUYHO OJHO3HAYHI BUCHOBKH MPO POJIb JOCHIIKYBaHUX €(EKTIB.
Oco0nuBUN 1HTEpPEC y IJIaHI €KCHEPUMEHTAIBbHUX 1 TEOPETUYHUX JOCIIIKECHb
CTaHOBMTH iH(opMamis mpo Buxoau (parMenTiB (ortomominy sapa 228U szaBmaku ix
BUKOPUCTAHHIO JUTS BUPIMIEHHSI ITUPOKOTO KOJIa MPUKJIAIHUX 33124 [2].
MeToro 3anmponoHOBaHOI POOOTH € JOCIHIJKEHHSI BIUIMBY €HEpPTii 30y KEHHS Ha
dopmyBanns (pparmenrtis Gporonoainy 24U B obnacti eHepriii HepIIOro MIAHCY.
Jlns peanmizariii mocTaBaeHO1 3a/1a4i HEOOX1aHO OyII0:
® po3paxyBaTH TpaHUIll O0JACTI E€Hepriil mepmoro maHcy mnoautry (TOOTO MOPOTroBi
3HadeHHs eHeprii (y,f)- ta (y,nf)- peakuiii);

® [IPOBECTH CUMYJISIII 3aJIEKHOCTI MACOBHUX, €JEMEHTHUX Ta 130TOHHUX PO3MOJLIIB
(parmentis Gporonominy 28Usin eneprii 36ymKxeHHs;

® [IpOAHAII3yBaTH IMOBIPHICTh YTBOPEHHS KaHamiB noAury (cumerpuuHoro — SL, nBox
acumetpuunux — SI, SII 1 cynep acumerpuyHoro — SA) Ta ix BIumMBy Ha opMyBaHHSA
¢parmentis poronomxiny 28U,

Kowmm’totepHi po3paxynku mpoBoauiucs kogamu Monte Kapno — GEF 1 TALYS
[3,4].

VY npencrabiieHiit poOOTi OTpUMaH1 HACTYITHI PE3YJIbTATH:

- BusHaueHo TpaHuli o6nacti enepriii ¢oromominy 28U 6e3 momepennboi emicii
HelTpoHiB ~4.31al(0.8 MeB. Pesynbratii po3paxyHKIB NpPOBEIEHI 3 BUKOPHUCTAHHIM
koqiB GEF 1 TALY'S y3romxyrThcs Mixk co0010.

- Po3paxoBaHO 3aJeXHOCTI BUXOHIB (PparMeHTIB (10 Ta Micas emicii MHUTTEBHUX
HEUTPOHIB) BiJl 1X MacH, 3apsiay Ta KiJIbKOCTI HEUTPOHIB (MacoBi, €JI€MEHTapHI, 130TOHHI
pO3NOAINAM) 1N HOAUIBHOrO sapa 28U* B o6macTi eHeprii Nepumoro ILAHcy.
Bcranosneno, mo ¢GopMu OTpUMaHUX CHEKTPIB y IMUIOMY BiTOOpakaroTh CTPYKTYPY
PO3MO/ITIB BUXOAIB YJIaMKIB, IPUTAMAHHY JIJISl ICHYIOUUX OLIHEHUX €KCIIEPUMEHTAIbHUX
naHux (OTOMOAUTY AaKTUHINIB [5,6], 1 CyTTEBO 3aiexarh Bij eHeprii 30y/HKeHHS
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MOAUTBHOTO sifpa. L{e miaTBepKy€e pe3ynpTaT J0IaTKOBO MIPOBEICHUX PO3PAXYHKIB IS
cnontanHoro moninry 2¥U. 3 pocrom eHeprii 30yIKEHHS CTPyKTypa MacOBHX,
€JIEMEHTApHUX Ta 130TOHHHUX PO3MOLIIB PparMeHTIB “3ruakyeThes’ (Puc. 1).

(A), %

pre

Y

Puc. 1. Cnextpu npe- (3711Ba) Ta NOCT-HEUTPOHHUX (CIIpaBa) PparMeHTIB
¢oronoainy 28U mpu eneprisax Gporonis 5 (kpyxkeuxu) i 11 MeB (TpuxyTHHKH).

- BcTaHOBJIEHO 3aJ€KHOCTI IMOBIPHOCTI BHECKY OKpEMHX KaHAJIB TMOAULYy Ha
(GOpMyBaHHS MacOBUX CIIEKTPiB (pparMeHTIiB I HOiIBHOro sapa 28U* Bim emeprii
30yKEHHS. Ix 3Hauenns cranoBiath 1t Ys. = 0.009 = 1.68 %,Ys = 18.19 +~ 15.67 %,
Ysiu = 81.65 + 81.04 %, Ysa= 0.1435 + 1.611 %. ImoBipHOCTI BHeCKYy KaHaiiB SL, SA
CYTTEBO 3pOCTAIOTh MPH CHajal BHECKY KaHay Sli mpu cTabinbHOCTI BHECKY KaHaiy SII 3
poctom E*. OcHoBHMII BHecoK y (opmyBanHs ymamkiB ¢ortonominy 23U B oGmacti
€HEeprid Mepuoro MmaHcy BHOCATh acuMmeTpuuHl kaHanu SI 1 SII. BigmosigHo 10
po3paxyHkiB Tuny CrtpyrtuHcbkoro (Strutinsky) acumerpuunmii kaHan moautry Sl
3YMOBJICHUH 3aMKHEHUMH cepruuHumu obononkamu y Z = 50 1 N = 82, a kanan SII,
noB’s;3aHul 3 000s0HKOO 01151 N = 88.

Pe3ynbratu mpoBeaeHUX CUMYJISLIN y3rOKYIOThCS 3 pe3yJibTaTaMu pO3paxyHKiB
BUKOHAHUX Yy paMKax MYJbTH-TayCOBOI MOJEINI JJIsi 00JacTl €HEepriil TiraHTChKOTO
JIMITOJILHOTO pe3oHaHcy [7].

OTpuMaHi YHCJIOBI 3HAYEHHS MAaCOBHX, CJIEMEHTHHMX Ta 130TOHHHMX PO3MOJILTIIB
¢parmenTiB Qoronoxiny *®U nns o6macti eHeprii HEpHIOro INAHCY MOXYTh OyTH
BUKOPHUCTaHI JUIsl PO3BUTKY 1 TECTYBAaHHS ICHYIOUMX Ta HOBUX MOJEIBHUX MIJIXOJIB JJIs
onucaHHs (HOTOMOILITY aKTHUHIIB, a TAKOX JJI1 MNPUKIAJHUX 3aCTOCYBaHb 130TOMHOTO 1
KUIBKICHOTO aHali3y SAEpPHUX MaTepialiB Ta TPaHCMyTalli BIAIPalbOBAHOTO SIAEPHOTO
najanBa.

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

[2] A. Zilges et al. Progress in Particle and Nuclear Physics 122, 103903 (2022).
[3] GEF 2023/2.1. http://www.khschmidts-nuclear-web.eu/GEF-2023-2-1.html
[4] TALYS-1.96. Release date: December 30, 2021.
https://tendl.web.psi.ch/tendl_2021/talys.html

[5] ExperimentalNuclearReactionData (EXFOR). DatabaseVersionof 2023-01-20.
https://www-nds.iaea.org/exfor/

[6] Evaluated Nuclear Data File (ENDF). Database Version of 2022-04-20.
https://www-nds.iaea.org/exfor/endf.htm

[7] D. Bhowmick et al. Canadian Journal of Physics 94, 243 (2015).
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FEW-PHOTON WAVE PACKET PROPAGATION VIA A COMPOSITE
QUANTUM EMITTER IN A ONE-DIMENSIONAL WAVEGUIDE

V. L. Andriichuk?, E. V. Stolyarov?

Institute of Physics of the National Academy of Sciences of Ukraine,
Kyiv, Ukraine
2Bogolyubov Institute for Theoretical Physics, National Academy of Sciences of Ukraine,
Kyiv, Ukraine
e-mail: valentyn.andriichuk@gmail.com

Quantum information transfer between stationary qubits using photons is an
advanced approach to quantum information technologies [1]. Single photons propagating
through one-dimensional (1D) waveguide structures act as transmitters of quantum states
which encode quantum information between remote stationary qubits [2]. These
structures can serve as reliable, long-range, and low-loss quantum channels for the
transmission of itinerant photons. In addition, strong coupling between a stationary qubit
and a guided electromagnetic mode gives rise to enhanced photon-qubit interaction,
providing an efficient coherent exchange of quantum states. The study of light-matter
interactions has advanced significantly with the development of circuit quantum
electrodynamics [3], which enables the study of single- and few-photon propagation in
1D transmission lines in solid-state systems.

In the report, we study the propagation of few-photon pulses in a 1D waveguide
coupled to a composite quantum emitter — a photonic dimer composed of two coupled
resonators. In our model, we assume that the resonators contain Josephson junctions
giving rise to self-Kerr nonlinearity. The nonlinear resonators interact via coherent
single-photon exchange and cross-Kerr coupling. The latter can result in two-mode
entanglement [4].

For studying the evolution of a photonic wave packet propagating in a waveguide-
emitter system, we employ a wave-function approach developed in [5]. We derive and
solve (analytically and numerically) a set of equations of motion governing the evolution
of the quantum state for the cases of single- and two-photon Fock-state pulses incident on
the quantum emitter. This approach allows us to analyze the evolution of the wave packet
and the quantum emitter during their interaction. We study the dependence of the
scattered photons’ characteristics on the parameters of the emitter and the incident pulse.

[1] T. E. Northup and R. Blatt, Nat. Photonics 8, 356 (2014).

[2] D. N. Matsukevich, T. Chaneliére, S. D. Jenkins, S.-Y. Lan, T. A. B. Kennedy, and
A. Kuzmich, Phys. Rev. Lett. 96, 030405 (2006).

[3] A. Blais, A. L. Grimsmo, S. M. Girvin, and A. Wallraff, Rev. Mod. Phys. 93, 025005
(2021).

[4] M. Elliott, J. Joo, and E. Ginossar, New J. Phys. 20, 023037 (2018).

[5]E. V. Stolyarov, Phys. Rev. A 99, 023857 (2019).
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YAC MEPEJIAYI KBAHTOBOI IH®GOPMAIIII BII OTHOTO
ATOMA-KYBITA J0 IHILIOI'O 3 YPAXYBAHHSIM
3ATYXAHHSI KBAHTOBUX CTAHIB

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

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

Y 3B’s3Ky 3 OypXJIUBHM pPO3BHUTKOM KBAHTOBOI ONTHKHA OCTAaHHIM YacoM yce
OUTBIIMI 1HTEpeC BHUKIWKAIOTh 0OaraTOYaCTMHKOBI 3aadi, IO OMHCYIOTh CHUCTEMHU
KyOiTiB, KepoBaHi 30BHIIIHIMU noysiMu [1]. IcHye Ge3nid pi3HUX KBAaHTOBUX CHUCTEM, IO
MOJIETIOIOTh KyOITH — HOCIT OJMHUII KBAaHTOBOI iHpopmartii [1, 2]. OaHUM 3 MOXKITUBHUX
BapIaHTIB € BUKOPUCTAHHS B L1i SKOCTI JBOPIBHEBUX aTOMIB. 3a3BHYail 3B 130K aTOMIB y
3a/layaX KBAHTOBOi ONTHUKHU 1 KBAHTOBOI 1H(QOPMATHUKH 3IHCHIOETHCS 32 JOIMOMOTIOIO
3aMi3HIOYO0i B3a€EMOJII aTOMIB MDK CO00I0, a KOT€PEHTHUH KOHTPOJIb CHCTEMH
3IIMCHIOETHCS 32 PAXyHOK iX B3a€MO/IIT 3 MOJIEM pealibHUX (OTOHIB.

B nonanpimioMy HamMM BUKOPHUCTOBYETHCS KOHIIEMINS CKiIagHOro (“KoMmayHn’)
00’exta, a came “atoMA(l)+ atomA(2)+ momeF”. VYV BignmoBimHOCTI 3 IIi€IO
KOHIETIIIEI0 PH aHalli3i IpoleciB mepenayi KBanToBoi iHdopmaii mix kybiramu A(1)
ta A(2) 3pyuHo posrismaTu mone SK CHCTEMY 3 BHU3HAUYEHHMM YHCIOM KBaHTIB M, i
BKJIFOYATH HOro y He30ypeHui ramijabTOHIaH H. Tlosunit raminsronian H KOMMayH/]I-
cucremn “A(1) + A(2) + F” mae Burms; L

L N HiHD+HTt:H+HF+‘L£{nt'h N (1)
Tyr Hy=H + Hy = H,(#) + H,(%) + V. (%,%; R) + Hy, H,, H, - ravineroniann
i3ompoBanmx atomiB A(1) i A(2) BignosigHO; R-— BEKTOD BiJICTaHI MIX SJpaMy aTOMiB;
f’ﬂi{iﬁ (#,,75; R) — omeparop B3aemonii atomis A(1) i A(2) na nopineHill BifcTani oxuH
Bl OJIHOTO B EJEKTPUYHOMY JMIIOJLHOMY HaOmkeHHi (muB. [3]); paaiyc-BEKTOpHU
eNeKTPOHiB 7; i T BimHOCATHCA Ao mepmmoro A(1) i apyroro A(2) atoma BixmosinHoO.

- o) _ grlo) . o) _ o) -

Junamiky cumerpuunoro ¥, — ¥ 1 antcumetpuunoro ¥, — ¥ kananis

B3a€MO/IIT TApU aTOMIB 3 MOJIEM peaIbHUX (DOTOHIB MOYKHA PO3TIISAIATH OKPEMO OJIMH BiJI

iFr L0 Tl . . .

OHOTO. Y BHUIAJKy CUMETPUYHOTO KaHAITY H“Ti] — IP’S{ ) I8 aMILUITYJ CTaHiB @, (t) i

.. . . 77 0) . o) .

a,(t) (Tobto xoedinienTiB mpu GasucHux Qyukuiax ¥, i ¥, ') 3 HecramioHapHOIrO

piBasiHAs [IIpeniarepa 3 raminbroHiaHoM (1) oTpuMaeMo 3BUYHHMM YWUHOM HACTYIHY
cuctemy nudepeHiianTbHUX PIBHSIHb:

da
ih dtm = F,expli(w,,, + @ +iy,)t;la, = F,exp(i(s, + iy, )t;)a,,
da ' (2)
lhd_tn = anexp(—i[ar + i]’{ﬂ)tljam;
1
ne £, = (8E; —hA)/h, v, =1,/2, T, =1, =YVo+Vs(a) — KOHCTAHTH 3aTyXaHHS
CUMETPUYHOrO (aHTHCUMETPUYHOIO) CTaHy, Fn, — MaTpUYHHMH €JIIEMEHT IEPEXOLY

i ﬂio] - @S{o].
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Bpaxysanus 3aryxanHs (¥, = 0) npussogurh 10 NOSBU YABHUX YaCTHH Yy

(1.2) . . ) @{oj . @{u]
qyacToTax w 1, TUM CaMUM, J0 3aTyXaHHsS aMIUIITYJ KOJIEKTUBHUX CTaHIB * ., 11, .

KinneBuii pesyaprar UIs aMIUUTYyx @y, 1 @, y BHIAAKY [EPIOAMYHOIO 3a YacoM
30ypeHHs:

n_ ‘ + ] ( s T 1 ﬂ_] ) .
a,, = exp (— %h‘) {ces((ﬂ+ + :,J{?Jr]tl)‘— £(E+ +Z;+] sm((fL + 1ﬁ+]t1)},
8, = ape = — "'E”;? T (—% tl)sin((ﬂ+ +ipOt).  (3)

Tyt {2, i B, — nilicHi YKcIIa, [0 BU3HAYAIOTHCS CITiBBIIHOIIEHHSIM:

. 1/2
|Fam|® | (es + )7
N, +ip, = + :
+ JE+ { hz 4
Po3p’si30k  (3) st CUMETPUYHOTO (QHTUCUMETPUYHOrO) KaHAIy B3a€MOJIIT
CKJIAZIHAM YHMHOM 3aJIeKHTb BiJl TPhOX mapaMerpiB: €., F., Vn =I5/2 1 gacy t;.

3aranbHUi XapakTep 3al1eKHOCTI |a,, (t1)|? 1 |a,, (t1)|* Bix yacy mMae Burnsg
exp(—V¥nt1) (4 exp(—f,t;) + Bexp(—ifd, t;) + C exp(B.t,)),

ne crani A, B, C BusHauaroThcs mapamerpamu £, Fon, Is.

Jlins Oyap-axkux criBBigHOImIEeHs Mixk [, B, {2, € moyarkoBa cTais mpoIecy, KOJIH
<L BT 07 skmo x > L —B., LT <ty < (-6 10
peani3yeTbCcsl KBa3ICTAI[IOHAPDHUW pEXUM, SKUM Yy pealibHIM CHUTyallii BiJIIOBIJIA€
nocratHpo BenukuM dacam (It > 1) cmocrepexeHHs 3a KoMIayHA-CHCTEMOKO. Y
IIbOMY BHUIAJKYy 3aTyXaHHS CTaHIB HETPUBIAJIBHUM YHWHOM BIUIMBA€ HA YacCOBUU XIiJ
aMILITYys ¥iMoBipHOCTEH @,,(t;) Ta d,(fy); edexr 3aryxaHHsa TuM OGimbmnmil, yuM
OLIBIIOIO € KOHCTaHTa 3aTyXaHus I 1 unM meHmum Bignowmenns (I, — 5,)/ I..

Ax BugHO 3 po3B’sa3Ky (3) cucteMu (2), BpaXyBaHHs 3aTyXaHHS OJHOTO 3 PIBHIB
MIPU3BOJAUTH JI0 «TIEPEKUIAHHS IIbOT0 3aTyXaHHS Ha IHIIWKA piBeHb. Hampukiiam, sKio B

o =0 @{D] ; .
MOYaTKOBUN MOMEHT 4Yacy (t; = U) cran ¥, OyB cTabiIbHUM, TO B HACTYITHI MOMEHTH
yacy (f; > 0) BiH Moke po3mamgaTucs 3 KOHCTAHTOK, PIBHOKO IIOJIOBMHI KOHCTAHTH

3aTyXaHHS CTaHy @TED]. BusiBnenuii eekT BTpaTH KOT€PEHTHOCTI KBAaHTOBHUX CTaHIB
MEPENIKO/I)Ka€ KBAHTOBUM OOYHUCIIEHHSIM 1 TOMY MOBUHEH OyTH BKpail MiHIMI30BaHUU. Y
3B’SI3KYy 3 MM HaWOUIbII NMEPCHEKTUBHUM SIK KyOITH KBAaHTOBOTO KOMII FOTEpA OAUMTHCS
BUKOPUCTAHHA YJIbTPAXOJOJHUX EJIIEKTPOHEUTPAIbHUX aTOMIB y BHUCOKO30YyIKEHUX
CTaHax 3 FOJIOBHUM KBAaHTOBHUM YHUCJIOM Ha0araTo OUIIINM 32 OJUHULIIO.

[1] K.A. Valiev, Phys. Usp. 48, 1 (2005).

[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.l. Karbovanets, Scientific
Herald of Uzhhorod University. Series Physics 45, 73 (2019).
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®OTOBOJBTAIYHA KOMIPKA HA OCHOBI
n-ZnO MIKPOCTPHU’KHIB TA p-GaN IIVIIBKH

B. Bacinses?, B. Typko!, b. Canosniit?, 10. Enismescekuiil, P. Cepkisz!

YUlvsiscoruil nayionanvnuii ynisepcumem imeni leana @panxa, JIveie
2[ucmumym izuxu eucoxux muckie ITAH, Bapwaea
e-mail: Vladyslav.Vasilyev@Inu.edu.ua

®doToBoNBTAIYHI KOMIPKHA 3a3BUYail  pPO3POOJIAIOTH Ta BUTOTOBJISIOTH IS
MEPETBOPEHHSI €HEPTii COHSYHOTO BUIIPOMIHIOBAHHS Y BHUIUMOMY Jiala3oHi JTOBXHH
XBWJIb CBITJIA B €JIEKTpUYHY, 00 Ha XBWI BUAUMOTrO fiana3zoHy (400—760 um) npumnagae
HaWOIbIIa YacTKa EHeprii COHSYHOro BUIPOMIiHIOBaHHS (mpuOmu3no 50 %). Ha
ynbTpadioneToBU Alana3oH JOBXHWH XBHIIb CBITJIA mpumnajgae jume 7 % eHeprii
COHSIYHOTO BUINPOMiHIOBaHHA. OJHAK, BUTOTOBIIEHI JJisi POOOTH B YIbTPadhi0JIeTOBOMY
Jliana3oH1 JIOBKUH XBWIb CBITJIa ()OTOBOJBTAIYHI KOMIPKU OYyAyTh ONTHUYHO MPO30PUMH.
I 3MOXyThb, HampuKIad, BUKOPUCTOBYBAaTUCS SAK BIKOHHE YU aBTOMOOUIBHE CKJIO,
3aXHMIIAI0YM OPraHi3M JIFOJIMHU BiJl IKIJIUBOI Al yabTpag1071eTOBOrO0 ONPOMIHEHHS [1].

[Ipo ceiTnogionun, GOTOAETEKTOPH Ta Ja3epu Ha OCHOBI reTepocTpykTyp ZnO/GaN
mpoko Bigomo [1-3] Ta € Mayio moBiAOMIICHb PO (HOTOBOJILTATUHI KOMIPKHA Ha OCHOBI
ZnO/GaN [1, 4]. Onucani B [1, 4] doTOoBONBTATYHI KOMIPKH OYJIM BUTOTOBJICHI Ha OCHOBI
emitakciiHuX T1IiBOK P-GaN 1 1wmniBok ZnO, BHPOIMIEHHMX METOJAOM MOJIEKYJISIPHO-
nmpoMeHeBoi emitakcii [1] abo oTpuMaHUX METOJ0M BHCOKOYACTOTHOTO MarHeTpOHHOTO
po3nuieHHs [4].

Jnst ctBOopeHHA (POTOBOJIBTAITUHOI KOMIPKH OyJI0 BUKOPUCTAHO KOMEPLIMHY
nigkinanky GaN p-tuny, npuabany y ¢ipmu «UNIPRESS» 3 Ilomemi (rutiBka GaN
(0001), meroBana Marmi€eM, TOBIIMHOIO 2 MKM, BHPOIIEHA METOJOM METAJIOOPraHidHOI
napodasnoi emitakcii (MOVPE) na candiposiit miakiaamii TopmuHoo 430 MKM, BKPUTII
HenpoBiHUM OydepHum mapom GaN ToBiuHO0O 1,5 MKM). BiamoBiiHO 10 MacoOpTHUX
naHux 1miiBka P-GaN xapakrepusyBajacsi BiTHOCHO HU3BKOI T'YCTHMHOIO JTUCIOKAIlIN —
(3-5) x 108 cM?%,  KOHUeHTpalis JoMimikd Mar"ilo  craHosuia 2 x 101 em3;
KOHLICHTpAIIiS €IEKTPMYHO aKTUBHMX JipoK Oyia piBHOIO (2-3) % 1017 cm™,

[ap ZnO, axuii ckianaBcs 31 UIUIBHO YITAaKOBAaHUX BEPTUKAIBHUX MIKPOCTPHKHIB
JiaMeTpoM MPUOJIU3HO 2—3 MKM, 3T1IHO 3 JaHUMHU PacTPOBOi €IEKTPOHHOI MIKPOCKOIIT,
Oyso BupoIeHo Ha miakaaan p-GaN MeTo0M ra30TpaHCIIOPTHUX peakiiii [3].

JIst OCIiIKEHHST BOJIBT-aMIIEPHUX Ta (DOTOBOJIbTAIYHUX XapPaKTEPUCTUK KOHTAKT
3 iBkoro P-GaN dopmysamu 3 Gimapy Ni (30 am)/Au (35 HM) TEPMIYHIM BaKyyMHUM
BHUIMapoByBaHHsM [2]. ToBIIMHY IIapiB MOHITOPHIIA KBApIIOBUM BUMIPIOBAa4YE€M TOBIIIHHH
maiBok. IIpyu BUTOTOBIIEHHI (POTOETEKTPUUHOIO €JIEMEHTAa MAacuB MIKpPOCTpyKTyp ZnO
YaCTKOBO MOKPUBABCS HEHTPUPYTYBAHHAM 1301 IHHUM 11apoM doTtopesucty [4]. Tlicus
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IIHOTO MMOBEPX HAHOCWJIACS TEPMIYHUM BaKyyMHUM BUTIAPOBYBAHHSIM TOHKA TUTIBKa In sk
BEpXHIN enekTpo [5].

BumipioBaHHsS BOJIbT-aMIIEPHUX XapaKTEPUCTUK 3A1MCHIOBAIM MPOTPaMOBAHUM
enexkrpomerpom Keithley Model 6514 (Keithley Instruments Inc., Oraiio, CILIA).

KoeditienT BunpsimiaeHHs (BIIHOIIEHHS TMPSMOTO CTPyMYy JIO 3BOPOTHOTO)
rereponiepexoay N-ZnO/p-GaN nopisaioBas 170 npu Hanpysi 1 B. Hanpyra yBiMKHEHHs
reTeporepexoay y HalloMy BHUMNAaAKy MNpubau3Ho gopiHioBana 0,6 B. ®akrtop
17eanbHOCTI JAioJa # BHSBUBCA NpuOIM3HO piBHUM 4. Benuki 3HaueHHs QaxTopa
171eaIbHOCTI J110/1a BKa3yIOTh Ha BUCOKY I'YCTHHY NacTokK [2]. JloBoI1 BeJIMKE BiAXHICHHS
# BT 17€anbHOro BUNAAKY (7 = 1) Mo)ke OyTH IMOB’sI3aHUM 3 SKICTIO KOHTAKTIB 10 P-N-
nepexony [2]. T'erepoctpykrypa In/ZnO/GaN:Mg/Ni/Au mnpoaeMoHCTpyBajia 4YiTKHMA
dboToBoNbTAIYHUN ePEeKT mpu yIbTPadioIeTOBOMY CBITIOIIOJHOMY OCBITJIICHHI 3
MaKCMMyMOM BHIPOMIHIOBaHHS Ha JOBXHMHI XBWIl 395 HM, HIBIIMPUHOI CMYTH
BHIPOMIHIOBaHHS 13 HM Ta 3 TyCTHHOIO IOTYXKHOCTi BHIIPOMiHIOBaHHS 2 MBT/cM?.
®doTtoBosibTaiyHa KoMmipka In/ZnO/GaN:Mg/Ni/Au mana HacTyIHI MapaMeTpu: Hampyra
X0JIOCTOro xony — npubdimzno 0,26 B, cTpyM KOpOTKOro 3aMUKaHHS — HPHOJIU3HO
0,124 HA, daxTop 3anoBHeHHS — 39 %, KoediuieHT KopucHoi aii — 1,4-107° %.

Ha ocHoBi miTeparypHux nanux [1, 4] 1 HaIMX eKCHEPUMEHTAIBHUX PE3yJIbTaTiB
MO>KHa 3pOOUTH BUCHOBOK, 1110 TPOYKTUBHICTh BUTOTOBJICHOTO IIPUCTPOIO B OCHOBHOMY
obmexxeHa nedexkramu Ha Mexi ZnO/GaN 1 4acTKOBUM MOIJIMHAHHSAM CBITJa IIApOM
¢dotopesucty. 3a Takux OOCTaBUH MPOAYKTUBHICTH NPHUCTPOI0 MOKHA MOKPAIIUTH
3MEHIIEHHSIM KUIBKOCTI 1HTepdehcHuX nedeKkTiB Ta 3amiHOI0 Mmiapy (OTOPE3UCTy Ha
MPO30pHUl 17 yJIbTPadi0JETOBOTO BUIIPOMIHIOBAHHS IIAp AICICKTPUKA, HAMPUKIIAJ] Ha
map SiOs.

Hapeneni pesynapTaTh JIOCHIIKEHb MOXYTh CTaTH B Harojal B 1HXEHepIi
€JIEKTPOHHUX MPUCTPOIB HA OCHOB1 ONTUYHO MPO30PUX MaTEPialliB.

[1] X. Yang, C.-X. Shan, Y.-J. Lu, X.-H. Xie, B.-H. Li, S.-P. Wang, M.-M. Jiang,
D.-Z. Shen, Opt. Lett. 41, 685 (2016).

[2] B. Turko, A. Nikolenko, B. Sadovyi, L. Toporovska, M. Rudko, V.
Kapustianyk, V. Strelchuk, M. Panasyuk, R. Serkiz, P. Demchenko, Opt.
Quantum Electron. 51, 135 (2019).

[3] B.l. Turko, A.S. Nikolenko, B.S. Sadovyi, L.R. Toporovska, M.S. Rudko,
V.B. Kapustianyk, V.V. Strelchuk, R.Y. Serkiz, Y.O. Kulyk, J. Phys. Sci. 25,
1701 (2021).

[4] S.Y. Nam, Y.S. Choi, J.H. Lee, S.J. Park, J.Y. Lee, D.S. Lee, J. Nanosci.
Nanotechnol. 13, 448 (2013).

[5] M.P. Tlanaciok, JI.JI. Bosmuiok, B.b. Kanyctsauk, b.I. Typko, B.C.
[{uoOynecekuid, I'.O. JIydoukosa, F0.I". Iy6os, ®XTT 1, 244 (2010).
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ANOMALOUS LOW THERMAL CONDUCTIVITY OF ATOMICALLY THIN
InSe PROBED BY SCANNING THERMAL MICROSCOPY
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E. Castanon,® Z.D. Kovalyuk,? O. Kolosov,® O. Kazakova,® A. Tzalenchuk,® and
A. Patané!

1 School of Physics and Astronomy, University of Nottingham, Nottingham, UK
2 Institute for Problems of Materials Science, NAS of Ukraine, Chernivtsi Branch,
Chernivtsi, Ukraine
3 National Physical Laboratory, Teddington, UK
4 National Graphene Institute, The University of Manchester, Manchester, UK
® School of Chemical and Physical Sciences, Keele University, Keele, UK
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*e-mail: zakhar.kudrynskyi@nottingham.ac.uk

The ability of a material to conduct heat influences many physical phenomena,
ranging from thermal management in nanoscale devices to thermoelectrics. Van der
Waals two dimensional (2D) materials offer a versatile platform to tailor heat transfer
due to their high surface-to-volume ratio and mechanical flexibility. The science and
technology of 2D InSe is a rapidly developing field [1-6]. However, the investigation of
phonon transport and thermal properties of 2D InSe is still in its infancy. Although
theoretical studies have provided an insight into the thermal conductivity (0) of 2D InSe,
the experimental investigation of heat transport at the nanoscale is rarer, as it requires
advanced microscopy imaging techniques. Furthermore, real device structures involve
heat transfer across interfaces and lateral boundaries that are generally ignored by theory.
Phonon transport underpins a plethora of physical phenomena, ranging from heat
conduction and thermal insulation to energy conversion. Thus, they play a key role in
several emerging applications. For example, a low thermal conductivity represents a
drawback to heat dissipation in miniaturized FETS, but is desirable for thermoelectric
energy conversion.

Here, we use scanning thermal microscopy (SThM) to probe the thermal
conductivity properties of InSe, a 2D semiconductor that has opened new promising
directions in science and technology [5]. The imaging capability of scanning thermal
microscopy and its high spatial resolution have enabled us to investigate how the surface
topography of a 2D InSe flake and its supporting substrate influence the thermal
response. Our investigation of 2D InSe flakes with different size and/or non-uniform
topography and systems where the layers are supported by different substrates have
revealed a low thermal conductance for 2D InSe, lower than in low-x SiO,. This
anomalous finding contrasts with previous theoretical studies in the literature, where the
role of the substrate was not taken into account. The ability of 2D InSe to conduct heat
depends on the thermal interfacial resistance between InSe and the supporting substrate,
number of layers, lateral size, and/or strain. It decreases with a decreasing number of
layers (L < 5) and/or flake area (A < 2 um?). This behavior is consistent with earlier
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theoretical studies of 2D InSe and is attributed to phonon-boundary surface scattering and
to the modified phonon dispersions due to quantum confinement. Enhanced phonon
scattering by impurities and/or strain can further influence the thermal conductivity, as
discussed for layers transferred onto microwells and micropillars (Figure 1).

hotter 75 mV

ad colder

: 50
-35.9 mV

-40.0

More thermally conductive

-45.0

27

62 mV

micropillar

More thermally conductive

57 mV
53 mv
\r““l/ 48 mv

Fig. 1 Thermal properties of free-standing InSe (a, b) and PMMA-supported InSe (c, d).
The schematics in parts (a, ) illustrate the heat conduction. SThM images are shown in
parts (b, d).

These experimental findings reveal the complexity of thermal transport in 2D
systems based on InSe and its importance for future emerging technologies, such as field
effect transistors that require efficient heat dissipation and InSe-based thermoelectrics
that can benefit from the exceptional combination of the unusually low-x and high
electron mobility (up to 0.2 V/m-s at 300 K) of this 2D material.

[1] T. Venanzietal., Appl. Phys. Lett. 9, 120 (2022).

[2] Z.R. Kudrynskyi, et al., Commun. Phys. 3, 16 (2020).

[3] Z.R. Kudrynskyi, et al., Phys. Rev. Lett. 119, 157701 (2017).
[4] D.A.Bandurin, et al., Nature Nanotechnol. 12, 223 (2017).
[5] D. Buckley, et al., Adv. Funct. Mater. 31, 2008967 (2021).
[6] J.D.G. Greener, et al., ACS Nano 13, 11530 (2019).
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KOMIPIOTEPHE MOJEJTIOBAHHSI BUXOIB ITPOAYKTIB ®Rb i 1%8Cs,
YTBOPEHUX ITPH AKTUBAII SIAEPHUX MATEPIAJIIB HEUTPOHAMM,
JJIA I3OTOITHOI IIEHTUDIKAILIII

L.B. ITnmunuunens, O.0. [apnar, €.B. OneliHikos

Inemumym enekmponnoi @isuxu HAH Ykpainu, Yorczopoo
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BaxnuBoro 3amadero aTOMHOI TEXHIKM € KOHTPOJIb 3a HEpPO3MOBCIOKEHHIM
(GepTUIBHUX Ta NOMIIBHMX (K IPaBWJIO Le akThHimM - 2%2Th, 23°U, 28U i 2°Pu) speprux
MarepiagiB mpu iX eKcIuTyaramii, 30epiranHi Ta mepemimieHHi [1]. [ns  ycmimHOT
peanizallii BkazaHoi 3a/1aul HeoOXiaHa Ha1lHA 1HGOpMAIllS PO 1X 130TONMHUN CKIa.

OpuH 13 HAaUOUIBII BXKMBAHUX CHOCOOIB BU3HAYEHHS 130TOMHOTO CKJIaay SJIEPHUX
MarepiaiiB 0a3yeTbcsl HA BUKOPUCTaHHI €KCIIEPUMEHTAIBHO OTPUMAHOI 1H(pOpMaIli mpo
CIIBBIJHOIIIEHHS  BUXOJIB  CTHUMYJIbOBAaHOTO  3aIli3HUIOrO  (3aTPpUMaHOIo) V-
BUIPOMIHIOBAHHS BiJI JIETKUX Ta BAXKUX MPOJYKTIB iX MOAUTY, SIKi, B CBOIO 4Yepry,
3aie’aTh Bl MPUPOJIA AaKTUBOBAHUX AJIEPHUX MaTepiaiiB. SIK JErki Ta BaXkKKi MPOTYKTH
MOJIUTY — €MITEpH 3alli3HIJI0ro Y-BUIPOMIHIOBAHHS - MOXYTh BUKOPHUCTOBYBATHUCS Mapu
ynamkis %Rb Tta 1*8Cs. Ix BubGip oOymoBneHMII HagBHICTIO IIMPOKOro HaboOpy
IHTEHCUBHUX Y-JIIHIH y CIEKTpaxX 3ai3HIJIOr0 7Y-BUIPOMIHIOBAHHS 3 EHEPTi€lo
> 1000 xeB, T06TO B 0651aCTi €HEPTIid, 16 BHECKOM Yy Y-CHEKTPH BiJl XapaKTEPUCTHIHOTO
BUIPOMIHIOBAHHS JIOCHIIKYBAHUX AJEPHUX MaTepianiB (aKTHHIIIB) MOKHA 3HEXTYBaTH
[2,3].

Jnst cTUuMy Ll 3ami3HUIOTO Y-BUIPOMIHIOBAaHHS BiJl MPOJIYKTIB MOAUTY SAEPHHUX
MarepiaiaiB HIIMPOKO BHUKOPUCTOBYIOTHCS PI3HI TUIM HEUTPOHHHUX JDKEPEN — PEaKTOpH,
HEUTPOHHI TE€HEPaTOpH, EJIEKTPOHHI MPUCKOPIOBaYl Ta LUKIOTPOHH, SIKI TE€HEPYIOTh
TETUIOBI, ITBUJIKI 1 BUCOKOCHEPTETUYHI HEUTpoHH [4].

BukopucTtaHHS TEIUIOBUX HEUTPOHIB [JIsl 130TOMHOI 17eHTHdIKAIT OOMEKeHe
KOJIOM JIMIIE MOMIIBHUX saaepHux Matepianis (2°U, #°Pu). I3otomna imeHTH}ikamis
Geprunbaux aaepHux marepiamis (232Th, 28U) memosxmmBa yepes mami nepepizu (N, f)-
peakuiii - ~ 10 6apn [5,6]. YUucenbHi 3Ha4eHHS IEpepi3iB peakiil moainy GepTUILHUX
SJICPHUX MaTepiajiB Ha IIBUIKHX HEWTpOHAX Ha mopsaku Buie [5,6]. ToOto, mus
CTUMYJIAIIT peakiii TMOAUTy IIMPOKOTO KOja SJAEPHUX MarepialiiB  HEO0OXiTHO
BUKOPUCTOBYBAaTU HEUTPOHM pi3HMX eHepriid. Llsg obcTaBuHa mNpuB’si3ye MNpoOUEAYPY
aHaJi3y 130TOIMHOTO CKJIAIy J10 MICISl OJTHOYACHOT'O 3HAXOJKEHHS PI3HUX THUIIIB JIKEpes
HEUTPOHIB (pEeaKTOpH, HEUTPOHHI T'e€HEpPaTOPH, LUKIOTPOHM), IO OOMEKYE MOKIIUBI
MicCLIsl TPOBEJICHHS NpoueAypH i1eHTudikaii. Tomy, s CTBOPEHHS ONTUMAJIBHUX CXEM
CTHMYJISLIi 3aTpMMaHOro 7y-BUNpoMiHioBaHHA Bin mpoaykrie (3°Rb,8Cs) momimy
AJIEpHUX MaTepialiB HEUTpOHaMH HeoOXiHa HajilHa 1HQOpMalis NPO 3HAYEHHS iX
MOCT-HEUTPOHHUX BUXOJIIB ISl ITUPOKOTO €HEPTETUYHOTO J1alla30Hy — BiJ] TEMJIOBUX JI0
BHCOKOCHEPreTUYHUX.
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MerToto npeacTaBieHoi poOOTH € CUMYJISIIS MOCT-HEUTPOHHUX BUXO/I1B MPOIYKTIB
8Rb i%Cs, yrBopennx mpu momini Heiitponamu saepHux marepiamis (22Th, 23U, 238U,
239py),

s peamizarii BkazaHoi 3ajayi OyJi0 TPOBEIEHO KOMIT IOTEPHE MOJIEIIOBAHHS
MOCT-HEUTPOHHUX BHUXOJIB TMPOIYKTIBY Rp-g9, YCs-138 Ta  BIJHOIIEHb iX 3HA4YCHb
(Yroso/Ycs138) TpH  MOAUTT  aKTHHIAIBHEHTpOHAMH. Pi3HUI BIAHOIICHHS 3HAYCHb
BUXOJIB YRb-go/Ycs133 Y IPOIIEHTAX pO3paxoByBajacs Mixk mapamu akTusinis>?Th i 235U,
235U i 238U, 238U i 239PU.

Jlis mpoBeieHHs pO3paxyHKiB BUKOpUCTOBYBaBcsa ko Monte Kapno — GEF-kox
[7]. Pe3yapTaTu MpoBEIEHOTO0 KOMIT IOTEPHOTO €KCIIEPUMEHTY:

- PospaxoBaHi 3HA4YE€HHS IIOCT-HEWTPOHHMX BUXOLiB mpoaykrie °°Rb, 1¥Cs
Y3rO/UKYIOTBCA 3 ICHYIOUMMU 3HAUEHHSIMU, MIPEICTaBICHUMH y 0a3aX OLIHEHUX SACPHUX
nanux EXFOR [5] Ta ENDF [6], y Mexax eKcliepuMEHTaIbHUX MMOXUOOK MPU OAHAKOBUX
€HEeprisiX HEUTPOHIB JJIi BCHOTO EHEPreTHMYHOIO [lana3oHy. Tpeda BIAMITUTH, IO
pO3paxoBaHl BIJIHOLIEHHS BHUXO/IB BKa3aHUX NPOAYKTIB CYTTEBO 3ajeXaTh BlJ Macu
aKTHUHIIIB.

- BcraHoBiieHa pi3HUIS 3HAYEHb BIAHOMICHHS BHXOIIB YRrp-so/Ycs138 Y HMPOICHTAX MIXK
napamu aktuHigiB 2?Th i U, 2®U i 28U, 28U i 2*Pu, ska 10piBHIOE HACTYIHUM
3HaueHHsaM: 34.07, 39.66 1 25.45 nna mBunkux (E = 1 MeB) nelitponis, ta 20.53, 30.00 1
19.54 nnsa Bucokxoenepretuunux (E = 14 MeB). Takum umHOM, napu mpoaykris %°Rb i
18Cs, yrBopeHi mpu O  BKA3aHMX SIEPHUX ~MaTepiadiB  MIBUAKAMH i
BHCOKOCHEPTEeTUYHUMH HEUTPOHAMH, MOXYTh OYyTH BHUKOPUCTaHI K JDKepelna
3aMi3HUIOrO Y-BUIIPOMIHIOBAHHS IPU IPOBEICHHI aHAIII3Y iX 130TOMHOTO CKJIaay.

- CxeMa pO3paxyHKIB JO3BOJISIE MOJENIOBATH 3HAYEHHS BUXOJIB MPOAYKTIB MOILTY
aKTUHI1B HEUTPOHAMHU, JJIS SIKUX B1JICYTHI €KCIIEpUMEHTAIbHI JaHI.

Pesynpratu mpoBeneHNX MaTeMaTUYHUX PO3PAXYHKIB JO3BOJISIIOTH ONMTHMI3yBaTh
MpoLEypy HEPYWHIBHOTO aHaji3y I130TONHOrO CKJIAAy SIEpHUX MaTepiaiiB MpH
3aCTOCYBaHHI JDKEpET HEUTPOHIB MIMPOKOTO €HEPTETUYHOTO CIEKTPY.

[1] M. Grden, J. Radioanal Nucl Chem. 323, 677 (2020).

[2] I.B. IMTununuunuens ta id., HBYxY, cep. ®@izuka 48, 38 (2020).

[3] Decay radiation search. Decay radiation database version of 3/25/2022.

https://www.nndc.bnl.gov/nudat2/indx_dec.jsp

[4] O.O. ITapmnar Ta in., [Tatent Ha kopucHy Moenb Ne 133090. Bron. Ne 6, (2019).

[5] Evaluated Nuclear Data File (ENDF). DatabaseVersion of 2022-04-20.https://www-
nds.iaea.org/exfor/endf.htm

[6] Experimental Nuclear Reaction Data (EXFOR). Database Version of 2023-01-20.

https://www-nds.iaea.org/exfor/

[7] GEF 2023/2.1. http://www.khschmidts-nuclear-web.eu/GEF-2023-2-1.html

3/25/2022
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ELECTRICAL PROPERTIES OF HETEROSTRUCTURES n-InSe/n-Mn,0s3
|.G. Tkachuk
Institute for Problems of Materials Science, Chernivtsi Branch, 5, I. Vilde Str., 58001,

Chernivtsi, Ukraine
e-mail: ivan.tkachuk.1993@agmail.com

Nowadays, thin films of semiconducting metal oxides are of considerable scientific
and practical interest. Most vividly, such films reveal themselves in the field of
manufacturing heterostructures of various types. They are able to efficiently absorb light
in the region of fundamental absorption and remain transparent at photon energies
smaller than the band gap. This determines their potential as materials for the
manufacture of solar energy devices and optoelectronics. Mn,Os/n-InSe heterojunctions
were produced by the method of low-temperature spray pyrolysis. An aqueous solution
of the appropriate composition was sprayed onto a heated substrate made of a layered n-
InSe crystal. As a result, a thin film of Mn,O3; was formed on its surface. The use of
layered semiconductors makes it possible to obtain high-quality interfaces, even with
significant differences in the crystal lattice parameters of the contacting materials. The
front layer of the wide-gap semiconductor Mn,O; is transparent in the region of
maximum light absorption in InSe. This makes it possible to effectively exploit the
photovoltaic properties of the latter.

In (fig. la,b) shows the straight lines of the I-V characteristics of the
n-Mn,Os/n-InSe heterojunction, measured at different temperatures. To analyze the
obtained graphs, we will use a well-known formula that takes into account the influence
of series and shunt resistances:

| = I{exp(—e(vn;_:_Rs )j —1} oY E IhRS
S

where |s is the saturation current, n is the imperfection coefficient, R is the series
resistance, Rs, is the shunt resistance. Solid curves in fig. 1 represent the results of
approximation using formula (1). The value of the differential resistance of the
heterojunction (Rgif) (see Fig. 1c) was taken as the initial values of Rs and Rg, at high
voltages V in the saturation region and at V~ 0 V, respectively. A good match between
experimental data and theoretical calculations confirms the validity of the selected model
and allows us to evaluate the characteristics of the heterojunction n, Rs and Rs,. The
found values of the fitting parameters are given in the table 1.

1)
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Fig. 1 — Forward -V characteristics of Mn,Os/n-InSe heterojunction at different
temperatures (points are experimental data, curves are approximation by formula (1)).
Dependence of differential resistance of Mn,Os/n-InSe heterojunction on voltage at
different temperatures

Table 1 — Fitting parameters

|s, Rs, Rsh,
TK 10ea [0 ohm 108 Ohm
265 0.7 6 2600 7
281 5 54 1800 4
301 6 6 1350 2
321 8 2.9 950 05

The large value of the shunt resistance indicates that our technology allows to grow
high-quality heterojunctions, in which there is no shorting on the sides or through
conduction channels in the interface area. The Rs value in n-Mn,Os/n-InSe
heterostructures is determined by the resistance of the thick InSe base region.

In InSe in the region of the investigated temperatures, the electron concentration
increases with T due to electron transitions from a deep uncompensated donor level, and
the mobility is determined by optical phonon scattering: n ~ T3*.exp(—E4/2kT), 1~ T2,
Taking this into account, the temperature dependence of electrical conductivity is described
by the expression o(T) ~ T*.exp(~Eq/2KT). Using this formula, it is possible to estimate the
depth of the donor level Ed by the slope of the graphical dependence In(o-T%%) on 1/T:
Eq=0.3¢eV.
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CTPYKTYPA JUO®PAKIIMHOIO KOHYCA IPYKHOI'O ITPOTOH-
IMPOTOHHOI'O PO3CIAAHHA I1PU BUCOKUX EHEPI'TAX Y MOJAEJI
MAKCHUMAJIBHOI'O IIOMEPOHA U OJJIEPOHA

H. Benne?, 1. Cani?, O. Jlennen®

YVarceopoocwruti Hayionanvnuii Ynisepcumem, Yoceopoo, Yipaina
2Vuisepcumem im. Ponanoa Emsewa, m. Byoanewm, Yzopuuna
3Iucmumym enexmponnoi @isuxu HAH Yrpainu, Yoczopoo , Yrpaina

e-mail: bencenorbert007 @gmail.com

JlocnmipkeHO TOBENIHKY MapaMeTpa KpUBM3HU SIK 1HJAUKATOpa IMEpeXoay [0
ACUMIITOTHYHOI 00JIaCTl B paMKaX HaOIMKEHHS MaKCUMAaJIbHOTO IOMEPOHA W OfiepoHa
MPHU YCIX JOCTYIHUX €HEPrifix B Mexkax AUGPaKIIHHOrO KoHyca. B 1iboMy HaOIMKeHH1
KPUBH3HA PO3IJIAJIAETHCS SIK MPOSIB MOPOTOBOi CTPYKTYPH aMIUIITYIM PO3CIFOBAHHS, IO
BUIUIMBAE 3 YHITAPHOCTI y Kpoc-kaHam. lle HaOmwkeHHs oaHe 3 HeOaraThoX, €
BpaxoBaHO BCl 0a30BlI BUMOTH 1 SIKE€ 3aJI0BOJIbHSIE HE TUIbKHU Teopemi Dpyaccapa s
po3cisiHHs Briepen, ane U teopemi OOepcona-Kinomntn-MapreHa niasi po3CIIHHS He
HYJIbOBOT'O MEPEAAHOTO IMITYJIbCY.

Hamu BHKOpHCTaHO CHpoIIeHy MOJelh MaKCHMaJIbHOTO TIOMEPOHA W OJIEpOHA, B
AKIA aMIUTITy/la pPO3CIIOBaHHS BUOpaHAa 3 ypaxyBaHHSM BHECKY BEIy4Oro MOPSIKY
TPUKOMIIOHEHTHOT'O TIOMEPOHA ¥ OJIICpOHA, 110 33I0BIIbHIE ACHMITOTUYHUM TeOpeMaM
Ta CTaHJAPTHUX BHECKIB iX HMKYHMX IMOPSIKIB, & TAKOXX BHECKY BTOPMHHHUX PEIKCOHIB.
Mopenb 3maTHa ONUCATA IMUPOKUN KPYT EKCHEPUMEHTAIBHUX JaHUX Yy JOCTYMHIN
o0JacTi eHepriii Ta nepegaaHoro immyiscy [1].

JUist mocnmiJpkeHHsT HaMud BUOpaHO BiciM HAaOOpPIB E€KCIIEPUMEHTAIbHUX 3HAYCHD
nudepeHIliaIbHOr0 Mepepizy MPYKHOTO PO3CISIHHS MPOTOHIB HA MPOTOHAX B 00JACTI
eneprii HaxommuyBaua wa Ilepetunaroumx Kimeisix (ISR) Ta naBa  Habopwu
aupakiifHOTO Tepepidy MPYKHOTO PO3CISTHHS MPOTOHIB HAa MPOTOHAX B 00JACTI
eneprii Kosmaiinepa, y SKUX UITKO BHJHO HEEKCIIOHEHIIAJbHY IOBEIIHKY
TU(GPaKLIMHONO KOHYCY. 3aJIeKHICTh HAaXWJy BiJ NMEPENaHOro IMIYJbCY NP PI3HUX
€HEeprigx B MoOjell Ma€ yBIrHyTy ¢opmy. Tomy B IbOMY BHMAJKY CIIiJI KOPUCTYBaTUCSA
HaxXWioM 1 TapaMeTpoM KPUBU3HH, YCEPEIHEHHMH Ha MEBHOMY IHTEpBaJll MEPEIAHOrO
IMITYJIbCY, SIKUH BU3HAYAE€THCS MAKCUMAJIBHUM 1 MIHIMQJIbHUM 3HAYEHHSM Haxuily B
Mekax TU(pakiifHOro KOHyCy. Y IIMX MeXax po3paxoBaHa ycepeqHeHa KpUBH3HA Mae
CIIaJHUM XapakTep, IO SKICHO BIAMOBIAA€ TOBEMIHII KPUBU3HU, BU3HAYEHOT
0e3nocepeHbo 3 eKcrepuMeHTy. Monens nependadae 3MEHIICHHS TapaMeTpa KpUBU3HU
3 EHEepriclo, SAKUM 3MIHIOE 3HAaK TMPU BIAJATEHUX 3HAYCHHSIX €HEprii y COTHI
TepaeNeKTPOHBOJIBT.

[1] N. Bence, A. Lengyel, Z. Tarics, E. Martynov, G. Tersimonov,
Eur. Phys. J. A 57, 265 (2021).
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BJACTUBOCTI I'NIEPAJPA ‘H Y TPUKJIIACTEPHUX
MIKPOCKOHNIYHUX MOJAEJIAX

M.J. Conoxa-Knumyak, O.B. Hecrepos

Incmumym meopemuunoi gizuxu in. M.M. bozconroboea HAH Ykpainu, Kuis
e-mail: mariana_sk@ukr.net

Snpa, mo MicTATh y €001 pa3oM 1 HYKJIOHH, 1 TIMEPOHH, TOOTO AWBHI OapioHH,
HA3WBAIOTHCS TIMEepsAaApaMu. YTEpIne Taki, a came A-rinepsapa, Oyau eKCIepuMEeHTATEHO
Binmkputi M. lanimewm 1 E. TTaeBckum, sixi B 1953 pori cepeq mpoAayKTIB PO3MICTUICHHS
s/Iep 4YaCTKaMU KOCMIYHUX MPOMEHIB 3HAMIUIM BiIHOCHO JOBIO *HUBYYl ()parMeHTH, 110
BUIIPOMIHIOIOTh TOHH. CHCTEeMaTHYHE K E€KCIIEpUMEHTATbHE BUBYCHHS BIIACTUBOCTEU
rinepsiiep CTajlo MOXJIMBUM MicJIsl TOro, K B LlepHi OyB cTBOpeHuUid mydyok K~ ME30HiB,
0 JIO3BOJMJIO O€3MOCEepeIHhO B AaTOMHHX SApax YTBOPIOBATH TinepoHU. [ omoBHa
IpUYMHA IHTEPECY A0 TiNepsaep MOJsArae B TOMy, 10 pa3oM 3 HYKJIOHHUMHU CUCTEMaMHU
3'SIBIJIMCSA HOB1 JOCTYIIHI JJi1 BUBYEHHSI CUCTEMH CUJIBHOB3A€EMOJIIOYMX YAaCTUHOK, IO
JI03BOJISIE OTPUMATH HOBY 1H(OPMAIIiO PO BIACTUBOCTI CUIIBHOT B3aEMO/III.

OO0'exTOM HAIIOTO PO3TISAY € Timepsapo ,JH, sike crallabHE MO BIAHOUIEHHIO 0
BUITYCKAaHHS HYKJIOHIB 1 A-TIEPOHIB. 3 €KCHEPUMEHTY BIJIOMO, L0 LI€ TINEPSAPO MA€E JiBa
3B's3aH1 CTaHM 3 MOBHUM OpOiTaibHUM MoMeHToM L=0 3 J*=0"1 J*=1". Eneprii uux piBHIiB
-2.04 MeB 1 -1.05 MeB BianoBiJiHO, NpU iX BIWIIKY BijJi HAWHMKYOTO MOPOTY PO3BATY
SH+A. IloBHa eHepris 3B'A3Ky sapa B OCHOBHOMY cTaHi ckmagae 10.52 MeB, a y
30yKeHOMY BOHa JopiBHIOE 9.53 MeB. Pi3nunsg eHepriii BkazaHux cTaHiB 0OyMOBJIEHA
CITIH-CITIHOBUM PO3LIETIJICHHSIM.

B 1iit poOOTI MU BHKOPHUCTOBYBAJM Bl TPUKIACTEpHI anreOpaiuni moneni. [lepma 3
Hux [1] 3acHoBaHa Ha TpeACTaBICHHI (YHKINI BITHOCHOTO PyXy CHCTEMH TPbOX
KJIACTEPIB y BUIJISI PO3KIaaAy MO 0a3uCy MIECTUBUMIPHOTO TAPMOHINHOTO OCHMIIATOPA,
3alaHoro B TinepcpepuuHux 3MiHHMX. [{t0 Mozenp Hamani mMu OylaeMO CKOPOUYEHO
imenyBatt AMOB (AnreOpaiuHa Mmojenb ocuuisTopHuid Oaszuc). [Ipyra wmomens,
ckopoueHo AMI'OB (AnreGpaiuna Mopenb TraycCiBCbKHN OCHMIATOpHMM 0Oasuc) [2],
MOENHYE B COOl BUKOPHUCTAHHS SIK T'ayCiBCHKOTO, TaK 1 OCLHMJIATOPHOro 0Oasucy mpu
po3KJIalaHHl (PYHKIIi BIJHOCHOTO pPyxy KkijactepiB. OCKUIBKM Halll MOJEeNl €
MIKPOCKOIIIYHUMH, TO iX OCHOBHUMH BXigHMUMH napamerpamu € NN ta AN moreHuiany.
Sx mepmmii Mu obpanu 106pe BiomMui mMoaudikoBaHul moTeHIian XaceraBu-Haratu
[3], sikuil € HanmiBpeHoMeHoTriyHUM, sk Apyruil — YNG-NF, oaun 3 moreHuianis cepii
YNG [4].

B mepury yepry Mu MOpiBHIOEMO CBOi pe3yjibTaTH 3 pe3ysibTaramu podotu [S], me
BUpIITYBaIacs] YOTUPHOXYACTMHKOBA 3amaya s ,H . Po3paxyHku BUKOHYBaJIHCS B
pamMkax Bapiariinoro metony. Ak NN-moTeHIiaa BUKOPUCTOBYBaBCs moTeHmian AVS, a
AN-B3aemonist 3a1aBanacs 3a jgornomoroto noreniiany NSC97f. PesynsraTu miei po6oTu
3 TIOBHOI €Heprii 3B'3Ky, MOPSI 3 HAIIMMU 1 EKCIIEPUMEHTATLHIMH JaHUMH, HaBEJCHI B
TaOIUII.
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Tadauusi. 3HaueHHs eHepriii 3B's13ky craniB 0" i 17, orpumani B po6oTti [5], 1 Hamri
pesymsraTu. B [5] E (3H) = -7.77 MeB, y nac E (3H) = -7.74 MeB. B Tabnuui Bci eneprii
HaBeeHl B MeB.

Pesynbrat Hamri pesynbratu
Cranu pobotu [22] AMOB AMI'OB ExcriepumeHT
0" -10.10 -10.12 -10.04 -10.52
1* -8.36 -9.30 -9.24 -9.53

Haui eneprii 38'a3ky a1g °H 61am3bKi 10 THX, SKi oTpuMaHi B [5], Tak caMo siK i eHeprii
OCHOBHHUX CTaHiB. Y TOW 4ac sK Jisi craHy 1* eHeprii JOCUTh CHUJIBHO PI3HATHCA.
[IBumIe 3a Bce 1€ MOB'SI3aHO 3 TUM, IO CHJIBHO 3aBUIIEHE CIIH-CIIHOBE PO3LICIUICHHS
BiJl CAaMOT0 MOYATKy 3aKJIaJeHO B moTeHIianax NS.

JUist toro, moO 3poOUTH MOPIBHSHHA HAIIMX pPE3yJbTaTIB 3 €HEprii 3B'A3Ky 3
TEOPETUYHUMHU PE3yJIbTaTaAMH 1HIIUX aBTOPIB 1 €KCIEPUMEHTAIbHUMH JAaHUMHU OLIbII
HAOYHUM, HABEJIECHO PUCYHOK, JI€ €HEPrii 3B'A3KY B1PAaXOBYIOTHCS BiJl IOPOTiB PO3BAILY
SH + A. Ha upoMy pUCYHKy TakKoX IpeICTaBIEHi pe3yibTaTd poOoTH [6], oTpuMani 3
BHUKOPHUCTaHHIM Mojiel 00010HOK 6e3 kopy (NCSM).

3iCTaBIEHHS HAIIMX pPE3yJib- (6] 5] Our

; Exp. ,
. 0,0+
TaTiB 3 eKCIEePUMEHTAIbHUMU 0a] A HeA
JaHUMM 1  TOPIBHSHHS 3 04 0,59
o - . 0,6 ) _—
pesynbTaTaMM HaMOLIbII 1OCIi- el &
JIOBHMX  TEOPETUYHUX  POOIT e, -1.08 =2 Exp.
o -1,2 4
MOKa3ye, MO HA JAHWH MOMEHT 2 .’ 140 P
4acy MOKH HE BNAETBCA TOYHO o -ef —
. (v -1,8 4 I "
OMUCATH  MODIBHAHO  OPOCTHH 200 0'Exp, 204 g
CIIEKTP 3B'I3aHUX CTaHiB 22 o ap 236 -238 233 238 20
. 4 2,41 -2, — — —_—
rinepsapa JH. Ha Hamy nymky, 2] L am =
284 0 =
MEPEBAXKHO e TIOB'A3aHO 3 Pucynok. IlopiBHSHHS HalIUX PE3yJIbTaTIB 3

HEBM3HAYECHICTIO 3  IIOTEHHIANaMH  pe3ylbTaTaMH TEOPETHYHHMX pOOIT  iHIIMX
B3a€MOJIIT MK YaCTHHKAMH, 1 B TIEPIIY  aBTOPIB i EKCIIEPMMEHTAILHUMU JaHHMH.
yepry AN-norenuiany. Ilpu upomy

pe3yNbTaTH HAIIUX PO3PAXyHKIB HE BUMAAAIOTh 3 PALY PE3yJbTaTiB PO3PaxXyHKIB,
MPOBEJICHUX B HAWOUIBII TOYHMX HHHI MOJEIAX, 1 JO3BOJISIOTH BKazaTH Ha JEsKi
0COOJIMBOCTI CTPYKTYpH ,H .

[1] A. V. Nesterov at all. Elem. Chast. At. Yadro 41, 1337 (2010).

[2] V. S. Vasilevsky at all. Nucl. Phys. A 824, 37 (2009).

[3] A. Hasegawa, S. Nagata, Prog. Theor. Phys. 45, 1786 (1971).

[4] Y. Yamamoto at all, Prog. Theor. Phys. Supplement No 177, 361 (1994).

[5] E. Hiyama at all, Phys. Rev. C, 65, 011301, (2001).

[6] R. Wirth at all. Hypernuclear no-core shell model, Phys. Rev. C 97, 064315, (2018).
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POJIb CTOXACTUYHUX PAKTOPIB Y KIHETHUIII
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I1.B. Sdsopcekuiit, IT1.C. depeukeitt, O.M. ITor?, B.T. Macmrok?,
C.®. I'onuaposa?, O.®. [Tonoi?

Ynemumym enexmponnoi gisuxu Hayionanvnoi akademii nayk Ypainu, Yoceopoo
2 [leporcaérutl 6uUti HAGUATLHUL 3AKA0 « YHC20POOCLKULL HAYIOHANLHULL YHIGEpCUmemy,
Yarceopoo
e-mail: petro0798@gmail.com

Bigomo, mo onTuyHi (JTFOMIHECIIEHTHI) METOAU HIUPOKO BUKOPHCTOBYIOTHCS IS
JOCIIKEHHSI CTPYKTYpH €HEPreTHYHUX pIBHIB Y HAMIBIPOBIAHUKAX, a TaKOX Yy
NPUKIAAHUX IUISIX, HaANpUKiIad, IJs 3a7ad jao3uMmeTrpii. B ocTanHboMy BUTAIKY
BUKOPUCTOBYIOTHCA IIMPOKO30HHI Marepiajiv, a BIANOBIIHA CTPYKTypa €HEPreTUYHUX
PIBHIB CTBOPIOETHCS IIJISXOM iX JETYBaHHS 200 CTBOPEHHSAM TEXHOJOTIYHUX JC(PEKTIB.
Sk mpaBuiI0, Taka €HEPreTUYHA CTPYKTYpa € YYTIUBOIO JI0 PEKUMIB 0OpOOKH MaTepiaiiB
1 MICTUTh €JIEMEHTHU PO3YBIOPSIKYBaHHS, SIKI BIUIMBAIOTh Ha poOOYl XapaKTEPUCTHKU
no3uMeTpiB. ToMy BaXIMBUM € pO3pOOKa TEOPETUYHOI METOJIMKH, IO JO3BOJISIE
BpaxyBaTH BIUIMB BUIIAJKOBUX (PAKTOPIB HA ONTHYHI XapaKTEPUCTUKU MaTepiaiB.

Sk  mpaBuiO, BUBYEHHS NPUPOAM LIEHTPIB CBIUCHHS y HIMPOKO3OHHHUX
HaITIBIIPOBITHUKAX TOTPEOye€ BHUKOPUCTAHHS KOMILIEKCY METOMIB JIOCTIKEHb — SIBHII
dbochopecuenmii (D), TepmocTumynboBanoi mroMidecteHmii (TCJI), a Takox MeTomiB
gacTKoBOro BucBiuyBaHHsS (MUB) Ta BuOip aaekBaTHUX TEOPETUYHUX MOJIEICH.
OTpumaHi eKCIepUMEHTalIbHI KPUBI HEOOXIJTHO TMOPIBHIOBATH 3 TEOPETUYHUMU
3QJIEKHOCTSIMU, OTPUMAHUX MPHU PI3HUX BUOOpAxX MapaMeTpiB TEOPETUUHUX MOJIETEH.

VY nmanii poOOTI MPEACTaBICHO PE3yJbTaTH YHUCIOBOTO MOJICIIOBAHHS KIHETUKHU
TCJI He numie s MOBHOI CHUCTEMHM KIHETMYHUX pIBHSHb, aje ¥ MpU BpaxyBaHHI
CTOXaCTUYHOTO PO3MUTTS EHEPreTUYHHMX PIBHIB CHCTEeMH. B OCHOBI TpOrpamMHOro
3a0e3MeUeHHs] K METOJ MOJICTIOBAHHS BUITAJIKOBUX BEJIMYMH 3 METOI0 OOYHCICHHS
XapaKTEPUCTHK 1X PO3MOALTy BUKOpucTaHo MeTo]; Monte-Kapio.

Po3pobnene mporpamHe 3a0€3MEUeHHs] CKJIAMa€TbCsl 3 TPbOX BIKOH, SIKI
MozaentorTs npouecu TCJI, docdopecnenmii 1 yacTkoBoro BHUCBIuyBaHHs. Lle mae
MOXJIMBICTh 3HAXOJ/KCHHS MACHBIB KIHETUYHUX Ta CEHEPreTUYHUX MapaMeTpiB, IO
BIITBOPIOIOTH MOBEJIIHKY €KCIIEpUMEHTAIBHUX TaHUX JOCJTIPKYBaHUX
HaMiBOpOBiIHUKIB. [Iporpama mae iHTYITUBHO 3pO3yMITUH 1 IPOCTUN y KOPUCTYBaHHI
rpadiuamii iHTEpdeiic, mo 3abe3nedye 3pyuHy B3a€MOJIII0 3 IaHUMH, OTITUMI3Y€E TIPOIIEC
PO3paxyHKy ¥ YMOKIIMBIIIOE MIBUIKE OTPUMAHHS PE3yJNbTATiB. Y BIKHAX MpOTrpamMu
MICTSTBCS TMOJST BBOJY HEOOXITHUX KOE(PIIIEHTIB JIsI MOJEIIOBAHHS MpOIECiB. Y
nporpami NpoOBOASATHCS PO3PAXYHKH 3 MOXIMBICTIO MOOY10BU rpadiKy BUCBIUYBaHHS 3a
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3ajaHuil TpoMDbKOK yacy. dopma KpHBOi TEPMOBHUCBIUYBaHHS 3aJ€KUTh SK BiJ
BJIACTUBOCTEH JOCIIPKYBAaHOTO MaTepiaidy, Tak 1 BiJl yMOB 30y KeHHs, 30epiraHHs Ta
BHUCBIYyBaHHs. TOMy Mpu aHali31 KpUBOI TEPMOBHUCBIUYBaHHsS HEOOX1JHO BpPaxOBYBaTH
Bcl 1i (dakTtopu. BapTo BiAMITUTH, III0 TEOPETHUYHO pO3paxoBaHa KpHBa HAOJIMIKEHO
OJM3bKa 10 EKCIIEPUMEHTATBHOI Ta TI03BOJISIE BPaXOBYBATH IMOXHOKY ampoKCHMAITii.

Po3pobiiena mporpama HamucaHa 3a JONOMOTO0 MOBH IporpamyBaHHs C++ B
cepemoBuili  po3podbku  VisualStudio. Ilporpama mnpu3HaueHa isi HAOYHOTO
MIPEICTABJICHI IMITaIlli MOJICITIOBAHHS JO3UMETPUYHMX TporieciB. Pucynok 1 memMoHCcTpye
noBeminky curHany TCJI mpu BpaxyBaHHI CTATUCTHYHOTO PO3KUAY EHEPreTUIHUX
rapaMeTpiB MOJICIII.

& Mporpama SLIM

in  YacTkose
YMOBHI NO3HaYEHHA
-¥(2) +¥(3) w(1) - CTapT AN enexkTpoHiB 30HM NOBIAHOCTI ¢1 - 3oHa NpoBIHOCTI - NacTKa
v (2) 1 w(2) - CTapT ANnsa enexkTpoHIB PIBHIB 3aX0ONIeHHA €2 - NacTKa - 30Ha NPoBIJHOCTI
o - ermda-y) Ciil(z)exp(b_‘ , b:z) w(3) - CTapT ANA AipoK piBHIB 3axonneHH ¢3 - 30Ha NPOBIAHOCTI - aKTUBALLIHMI PiBeHb
&H3) j2 - Yncno cTaTUCTUUHUX BUNpoGyBaHbL b1-noyatkoea T (8 0A. piBHA NACTOK)
ar ey tm - MakcuManbsHil Yac b2 - WenaKicTs pocTy T (B 04, PIBHA NACTOK)

dy(l) -
dt

B 5

Ao, '

NouaTkosi ymoam

w(l)=[10 ‘ 2= |00 |

w(2)=[10 ‘ tm= [a |
w(3) = 4000 ml= 020 y 2

KoediuieHTn piananHa

cl= [o001 | b1- [oss | "

2= :z ‘ b2= |os |

3= [s ‘ °

1.0005 2.0005 3.0005 4.0005

Puc. 1. [loBeninka curnany TCJI npu BpaxyBaHHI CTATUCTUYHOTO PO3KUIY
SHEPreTUYHUX MapaMeTpiB MOeNi

Otxe, po3poOiicHe mporpaMHe 3a0e3NeUYCHHS HAJAA€ MOXKIMBICTH TEOPETHUYHO
OMKCYBAaTH EKCIIEPUMEHTAIbHI KPHBI, OTPUMATH TapamMeTpu I PO3PaXyHKY
eHepreTnyHuX piBHIB. OOrOBOPIOIOTHCS MOKIUBOCTI 3alpONOHOBAHOI TEOPETUYHOI
MOJIel Ta 3aCTOCYBaHHS 11 JJisl OOpOOKH €KCIEPUMEHTATbHUX JaHUX, OTPUMAHUX IS
JO3UMETPUYHUX MaTepiaiB.
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PO3PAXYHKU CTPYKTYPU ATOMA TUTAHY
3 BIAKPUTUMMU d-OBOJIOHKAMHU
M.B. Togrt, B.1O. Jlazyp, €.A. Hoas

JBH3 «Yarceopoocvkuti nayionanvHuil ynisepcumemy
e-mail: mariana.tovt@uzhnu.edu.ua

ATOM TUTaHy HajexuTh A0 eneMmeHTiB IV rpynu Ilepioguunoi cucremu. Crnexrp
atoma Tutany, 3rifiHo naHux NIST [1], € HabaraTo CKIaAHIIIMM 3a CIIEKTPU aTOMIB 3
PO3IMKHYTHMH S- Ta P-000JioHKamu. HasiBHICT B aTOMi TUTaHy JBOX €KBiBaJICHTHUX O-
CJICKTPOHIB Y HE3alOBHEHIM OOOJOHIN pI3KO YCKJIQJHIOE BECh IMPOILEC OJHO- 1
O6araTokoH(pIrypaniiHux po3paxyHKiB CTpyKTypHu aroma Ti1 B HaOmmkeHH1 Xaptpi-Doka
(X®). Bemmka KinbKicTh NpoMikHUX TepMiB y d3-00omonmi Ta d?-oGomonmi i,
BIJIMOBIJIHO, PO3MAITTS KIHUEBUX 30y/UKEHUX CTaHiB aroMa Ti 3 KoH(Irypamii
3d 3(*22)4s, 3d?(*'Z)4s4p, 3d3(*?Z)4p mapasi mepekpuBac MOXKIMBOCTI CTAHAAPTHUX
MCHF-makeTiB moa0 oxoruieHHs B ogHOMY X®-po3paxyHKy BCiX CIIEKTPOCKOMIYHHUX
CTaHIB 3 OJJHAKOBUM TEPMOM.

Hamu mnpoBeneHi onHo- Ta OaratokoHdirypariiiiHi X® po3paxyHKd CTPYKTYpHU
atoma TUTaHy B LS-nabmwxkenHni. 3a gomnomoroto makery MCHF [2] napaxoBani, y
PO3KJIaJIl CHJIBHOTO 3B’s3Ky, 42 HWXHI (I3MYHI CTaHU MilIEeHI 3 KOHQIrypalisiMu
3d?(°F)4s? (ocnosHuii cran), 3d (1D, 3P, 1G)4s?, 3d 3(*F, *P, G, 2Dy, %P, ?H, ?F)4s ta
3d2(%F, 3P, D) 4s4p (> !P°) — 3i BciMa MOKJIMBUMHU KOMOIHALISAMM IIPOMIKHHX TEPMiB,
aK1 (TepMH) BKa3aHl y KpyIJUX JdyKKaX. SIKk BUIHO 3 Mepeniky, OUIbIIICTh BpaXOBaHUX
KOH(pIrypariii MicTUTh 1Bi, a TO ¥ TpH BIiAKpHUTI S-, P-, d-00O0JOHKH, IO 3HAYHO
YCKJIAJIHIOE PO3PaXyHKH. [[71s1 KOHTpOHO 301KHOCTI PO3KIIaay, OKpiM (hI3UYHUX CTaHIB
atoma Ti I, Hamu Oynu BUKOpHCTaHi aBa Habopwu nceBaoctanis: 8l Ta 91 (1 =s, p, d, f).

TouHICTh OOYMCIIEHb BCTAaHOBJIEHA HAMHU UUISIXOM TMOPIBHSHHA TEOPETHYHHUX
3HAYCHb CHEprii piBHIB 3 ekcrnepuMeHTaTbHUMEH nganuMu NIST [1], mo y Hamumx
po3paxyHkax mepeBaxHo ckiamae ~0.05-0.5 eB. Kinpka craniB, BKIIOYCHUX Y JaHUH
PO3KJIaJl CUJIBHOTO 3B’SI3KY, I1I€ HE po3paxoBaHi 10 KiHIls. lle moB’s3aHo, Hacammepen, 3
HAsBHICTIO 00 ’€KTMBHUX OOYMCIIOBAIBHUX TPYIHOIIIB, 3yMOBJICHMX BaKaHCISIMU Y
BHYTPIIIHIX OOOJIOHKaX, Ta 3 BEIUKOI KIJIbKICTIO OJIHOCIEKTPOHHUX OpOiTanel, sKi
Tpeba OpaTu 10 yBaru y koxxHomy okpemomy MCHF-po3paxyHky.

[1] Kramida, A., R. Tichenko, Yu., Reader, J., and NIST ASD Team (2012).
NIST Atomic Spectra Database (ver. 5.0), [Online]. Available:
http://physics.nist.gov/asd [2013, April 13]. National Institute of Standards and
Technology, Gaithersburg, MD.

[2] Froese Fischer C. Comput. Phys. Commun. 64, 369 (1991).
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IMOBHUWH ITEPEPI3 OJTHOKPATHOI IOHI3AIIIl ATOMA KAJITIO
EJEKTPOHHUM YIAPOM

B.1. Poman

Inemumym enekmponnoi @isuxu HAH Ykpainu, Yorczopoo
e-mail: viktoriyaromanll@gmail.com

BaxnmuBicTe  JOCHIKEHHS Tporiecy  30yMKEHHS CyOBaJIGHTHHUX  OOOJOHOK
(aBTOlOHI3AIIIT) Y BAYKKHX JTy)KHUX aToMax Oys10 mokazano maibke 100 pokiB Tomy [1], mpote
SIK €KCIICPUMEHTANIbHI, TaK 1 TEOPETHYHI JOCIIHKCHHS IIUX aTOMIB € Jy)K€ HEUHCEITbHUMU
HaBiTh N0 cChoroAHi. HemomaBHO Hamu OyJi0 MPOBENECHO TEOPETHYHE JOCIIIKEHHS
30y/KEHHS Ta 10HI3allli OKPEMHUX EJIEKTPOHHMX OOOJIOHOK aToMma pyoOifito [2], ske nano
3MOTY OLIIHUTH BKJIJ] KOKHOI 3 HUX Yy Tepepi3 MOBHOI OJJHOKPATHOI 10HI3allii, 0 € JTy>Ke
BOXIIMBUM JUIg (BI3UKU IU1a3MU. TyT MU TPENCTaBIIIEMO PE3yJbTaTH TEOPETUUHUX
PO3paxyHKiB 1epepisiB 30ymxenns 3p°, 3s? ta ionizanii 4, 3p°, 3s? 060I0HOK aToMa KaJlilo,
SK1 MOPIBHIOEMO 3 HAsIBHUMHU €KCIEpUMEHTaIbHUMHU [1, 3] Ta Teopetnunumu [4] gaHumu
MOBHOT'O MEepepi3y OAHOKPATHOI 10H13a1l11 LIbOTO aTOMA.

Yomy came 111 000JIOHKHM Ta Tipoilecu Oyino oOpaHo Hamu s aHanizy? dopma Ta
BEIIMYMHA TIOBHOTO TIepepi3y 10HI3allli Oyt BU3HAYAETHCA CYMapHUM BHECKOM
napiiiagbHUX Mepepi3iB MpsMoi 10HI3aIlli Ta epepi3iB 30y HKEHHS OKPEMHUX €IEKTPOHHUX
000JIOHOK Gioi=CiontGCexc. AHAJI3, MPOBEICHUN HaMH B poOOTI [6] moKa3aB, 1110 OCHOBHUIMA
BHECOK B IOBHMI Iepepi3 OJHOKPATHOI 10HI3allll Ja€ mpsMa 10H13aIlisl TPHOX 30BHIMIHIX
000JIOHOK — TIepepi3u Gion(4S), Gion(3P°) Ta Gion(3s2). Bei iHmni Ginbn rauGoKi 060I0HKHU
Jal0Th CyMapHui BHeCOK He Ounblie 1%, Tomy B AaHiil poOOTI BOHM HE PO3IJIAIAIMCS.
[lomo mpouecy 30yIKEHHS, TO ISl JIY’)KHOTO aToMa Kajilo TUIbKA Bl CyOBaJ€HTHI
00O0JIOHKH Jal0Th BHECOK y (hOpMyBaHHS mepepidy 30y/KEHHS Ta BIAMOBIIHO MOBHOTO
nepepisy ioHizawii, a came mepepisH Cexc(3P°) Ta Gexc(35?), M0 MoKa3aHo Hamu B [7].

PospaxyHku mepepiziB  30ymKeHHS Oylid TPOBEACHI Y PENISTUBICTCHKOMY
HaOmmkenni cnorBopennx xsuinb (PCX). Ilepepis 30ymxenns 3p® oGomonku Oys
OTpUMaHHUH SK cyma mepepi3iB 30ymkeHHss 96 aBTOiOHI3aIMHMX CTaHIB KOH]Irypamin
3p°4s?, 3p°3dds, 3p°4sdp, 3p®4sbs, 3p°3d5s, 3p°4d4s. AmanoriuHo, Tmepepis
30y/keHHd 382 OOONOHKM € CyMOK 38 pO3paxoBaHUX Iepepi3iB  30y/KeHHs
aBTOIOHI3alIMHMX cTaHiB KoH]irypamiii 3 4s?, 3s 4s4p, 3s4s4d, 3s4s5s, 3s4s3d,
35 5s5p, 3s4s6s. Pospaxynku mepepiziB ioHI3aIii OyiM TpOBEAEHI Y TPHOX
PENSATUBICTCHKUX HaOMMKEeHHSX — OiHapHuX 3iTKHeHb (PB3), cmorBopenux xBuib Ta
Kynon-bopna. Bci pospaxynku mpoBeneHi y pamkax mporpamHoro makera Flexible
Atomic Code [5]. JeranpHuii aHani3 oTpUMaHUX HaMH Mepepi3iB 10HI3AIlll aTOMa KaJliio
MOKa3aB, 10 HaWKpalle y3ro/pKeHHs 3 eKCIIEPUMEHTAIbHUM Tiepepizom [1] B o6macTi 10
nopory 30ymkeHHs 3p° 00ONOHKM Ja€ HAaOMMKEHHS OIHAPHUX 3iTKHEHb, TOMY JUIS
MOJAJIBIIOr0 aHaIi3y OyJio 0OpaHi came 111 aHi (IuB. puc.1).
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[TopiBHSIHHS 3 €KCIIEPUMEHTATLHUMH JaHUMHU [1] MOBHOTO Tiepepidy OJHOKPATHOI
10HI3aIlll, MPUBEJACHUX HaA puC. 1, TMOKa3ye 3aJOBUIbHE Y3TO/HKCHHS 13 HAIUMU
pO3paxyHKaMH y BCbOMY JOCHTIDKCHOMY €HEPreTHYHOMY Jiarma3oHi. A 1€ JO3BOJISE HaM
BU3HAYMTH, 110 30y/IkeHHs 35° 000JIOHKH J1a€ BHECOK 7% y mepepis aToioHizawii Ta ~1,5%
y MOBHUIA niepepi3 ioHizanii atoma K. Pa3oM 3 TiM, okasaHo, 1o 30y1kxeHHs 3p® 060moHKH
€ OCHOBHHM IIPOIIECOM aBTOIOHI3allll IbOTO aroma 1 jgae BHeCOK 29% y Horo mOBHUIA
nepepi3 OMHOKpaTHOI ioHizawii. ITponec npamoi ionizamii 3p°, 352 060I0HOK — 1a€ BHECOK Y
MOBHMI Tiepepi3 ofaHOKparHoi ioHizamii aroma K g0 24% Ta 1%, BimnmosimHo. OriHKH
BHECKY O0YHCIIEH] Y MaKCUMyMax BiJIITOBIHUX TIepepi3iB 30yKEHHS Ta 10H13al1ii.

[TpoBeaeHi AOCTIKEHHS IMOKa3ald, IO, SK 1 y BHOAAKy aToMa pyoimio [2],
npoliec 30yIKkeHHs cyOBaneHTHOI P° 060JI0HKM aToMa Kallito € 1ie OilbIl e(eKTUBHUM
MpoIlecoM, HDK HOro mnpsma ioHI3aIlis, TOMYy Iled HempsAMHUN TIporec MoTpedye
MOJABIIOTO AOCIIIKEHHSI I BCIX JIY’KHUX aTOMIB.

12
o eken o [1]
1ok ® exen o [3]
posp o, Pb3[4]
gl posp o, . Pb3

posp o, PCX
posp (o,,,PB3+c , PCX)

-16 2
o A (107 em”)

o)

1

& S
!

10 100 700
Enepris 3iTkaens (eB)

Puc.1. IloBHMi1 Iepepi3 Gt OAHOKPATHOT 10HI3aIIIT aTOMa KaJliF0: TOYKH -
eKCIIEpUMEHTAJIbHI JaHl; — — CyMapHUN TEOPETUYHUHN Tepepi3
Gtotzcion(4S+3p6+332)+(53xc(3p6+382)

[1] J. Tate, P. Smith, Phys. Rev. 46, 773 (1934).

[2] V. Roman et al., J. Phys. B. 48, 205204 (2015).

[3] R. Mcfarland, et al, Phys. Rev. 137, 1058 (1965).

[4] B. Roy, D. Rai, Phys. Rev. A. 8, 849 (1973).

[5] M. Gu, Can. J. Phys. 86, 675 (2008).

[6] V. Roman, Book of abstract ICPEAC-2023, Ottawa, Canada (accepted for publ.).
[7] B. Poman, Matepianu koudepenmii IE®-2021, Yxropoxa, 173 (2021).
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MEPEPI3 ®OTOHEMTPOHHOI PEAKIIII HA JIETKOMY
I30TOIII TEJYP-120
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e-mail: derecskei89@gmail.com

Jlerkmit i3oton temypy — Te'?® - mamexuts mo p-smep. P-sapa — me HeHTpoHHO-
nediruTHI cTabUIbHI 130TOMM, SKI €KpaHOBaHI BiJI 3aXOIUICHHS IMIBUIAKUX HEHUTPOHIB
cTablIbHUMHM 1300apamMu. BoHU 01€pKYIOThCSL B Pe3yibTaTi psALy (PoToSAepHUX peakiliit
(v, n), (v, p), (y, o). Ay obunciens 6aratboX p-mporieciB HeoOXiaHa 0i0MoTeKa TaHUX,
[0 BKJIIOYAE JECATKH IMepepi3iB (POTOSAEpPHUX peakUid, aje eKCIEepUMEHTaIbHOI
1H(pOopMaIii PO XapaKTEPUCTUKHU (HOTOSIIEPHUX PEAKIIIN HE BUCTAUAE.

doToHEHTpOHHA peakuis Ha Tenypi-120 BuBuanacs y Biaaun (OTOSAEPHUX MPOIIECIB
Inctutyty enextponnoi ¢izuku HAH VYkpainu. BumiproBaHHsS HpoBOAMIIOCS Ha
raJbMIBHOMY TaMMa-Tiydyky MikpoTpoHa M-30. OmpomiHeHHS AOCTIIKYyBaHUX 3pa3KiB
MIPOBOJIUJIOCS B IHTEPBaJll MAKCUMAJIbHUX €HEPTriil TaJIbMiBHOTO raMMa-mydka E,ma=10 —
19 MeB 3 kpokom 0,5 MeB. Po3kua enekTpoHHOro my4yka 1o e€Heprii He MepeBUIIyBaB
30 — 50 xeB.

Jns  mpoBeneHHS JOCHIDKEHb Oyjla BUKOpDUCTaHa aKTHBAllHA METOJUKA.
JocnipKyBaHl MillleHI OyJM BUTOTOBJIEHI y BHUIJISIAI JHUCKIB 31 CKJIOMOJIIOHOTO OKHUCY
tenypy TeO nmiamerpom 25 MM 1 TOBIIMHOKO 2 MM (ductoTa 99,99 %). Yac onpomiHeHHs
CKJIaJaB 2 TOAWHU TIPH €Heprisx Ouns mopory (y,n) peakmii i 20 XBWJIMH - TPU BHIIHX
eHeprisx. Yacu OXOJIOMKEHHS 1 BHUMIPIOBAHHS BHOUpAIUCS 3 ONTUMAIBHUX YMOB
peecTpaiii ramMmMma-JiHIA BiJ pos3nany JodipHixX sjgep. llpu oMy MepTBHiA dYac
peecTpytouoi anaparypu 0yB mente 3%.

Jlns HOpMyBaHHS 1 KamiOpoBku BuXomiB peakuiii 2°Te(y,n)''°Te mapanemsHO 3
BMMIpIOBaHHSAM raMMa-JIiHii Big posmnany 1°Te nmpoBoauiocs BUMiprOBaHHS raMMa-JIiHik
Bix posmany %Te, omepxanoro B peaxuii *°Te(y,n)!?*Te. B pesynbrari Oynu oxepxani
BHMXOJIM 30yPKEHHSI OCHOBHOTO I i30MepHOro cramip izoromy °Te i izoTomy '?°Te. [l
BCIX 130TOMIB TEJIypy B peakiisx (y,N) 3aceistoThbCs OCHOBHI 1 130MepH1 cTaHu. [lpu
bOMY MOBHUH Buxizx (y,N) peakuii Y, 3B's13aHUi 3 BUX0aMu 30yJIKEHHSI OCHOBHOTO Y 1
130MEPHOTO Y, CTaHy HACTYITHUM YMHOM: Yn= Yg+ Y

OTxe, BUMIPIOIOYM BUXOJM 3aCEICHHs B peakuii (y,N) OCHOBHUX 1 130MEPHUX CTaHIB
130TOMIB TENypy, MU BHU3HAYWIMA BIJHOIICHHS MOBHUX BUXO[IB peakiii (y,N) Ha 130Tomi

120 130
Te Te .
120Te 1o mosroro Buxony peakuii *°Te(y,n)!**Te, T06TO Yn / Y, . Onepxai
pe3ynbTaT npuBeneHi Ha puc. 1. CepeqHbOKBaipaTUYHa NOXMOKa CTaHOBUTH MeHIe 1%
1 HE TIEPEBUIILYE PO3MIPH TOYKH.
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Puc.1. BigHomeHHs BUXOIIB Yn Yo B (y,n) peakiii.

HasiBHICTP ~ €KCIIEPUMEHTAJIbHUX  3aJIeKHOCTEH  BIJHOIICHHS  BUXOJIB  BiJl
MaKCUMaJIbHOI €HEprii TaJbMIBHOTO TaMMa-CIEKTPY JIO3BOJISE BHKOPHUCTOBYIOUHU
nepepizn peakuii *Te(y,n)*Te [1] pospaxysatu mepepism peaxuii 2°Te(y,n)*PTe.
Po3paxyHok BiBcst MeTo/IoM 00epHeHOo1 MaTpulli 3 kpokom 1 MeB. Onepskani nepepizu
MIpUBEJICH] Ha pucC. 2.
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Puc. 2. Ilepepizu peakuii 2°Te(y,n) P Te.

[lepepizu wmaroTh opHOropOy ¢opMmy 3 wmakcumoMm 1mpu eHeprii ~15,4 MeB.
CyuiapHOI0 KPUBOIO Ha PUC.2 MPUBEACHUMN Pe3yNbTaT ampoKCUMalli mepepizy KPUBOIO
Jlopenua.

[1] A. Lepretre, H. Beil, R. Bergere et al. Nucl. Phys. 258A, 350 (1976).
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SPECTRAL STUDIES OF SOLID SOLUTIONS OF THE Ag7SiSsI-Ag7GeSsl|
SYSTEM WITH ARGYRODITE STRUCTURE

1.0. Shender, A.l. Pogodin, M.Y. Philep, T.O. Malakhovska,
O.P. Kokhan, L.M. Suslikov

Uzhhorod National University, Pidhirna St. 46, Uzhhorod, Ukraine
e-mail: iryna.shender@uzhnu.edu.ua

Superionic compounds Ag;SiSsl and Ag;GeSsl belong to a large family of
compounds with the argyrodite structure [1,2]. Tetrahalogenides Ag;SiSsl and Ag;GeSs|
are characterized by high ionic conductivity and intrinsic structural disorder caused by
the presence of vacancies in the Ag* cation sublattice [3].

This work is devoted to the comparison of the determination of the pseudo-band
gap of solid solutions of the Ag;(Si;«Gex)Ssl (x=0, 0.2, 0.4, 0.6, 0.8, 1.0) composition by
the methods of optical spectroscopy (optical absorption and diffuse reflection).

Optical absorption spectroscopy was performed on thin plane-parallel single
crystal samples. Diffuse reflectance spectra were obtained on samples in the form of
microcrystalline powders (~10-20 um). The pseudo-gap energy of Ag-(SiixGex)Ss! solid
solutions was determined on the basis of the logarithmic dependence of the absorption
coefficient according to Urbach and on the basis of the dependence of the Kubelka-Munk
function using the Tauc graphic method.

It was established that the values of the width of the pseudo-gap E4 obtained from
the results of the analysis of the spectra of diffuse reflection of microcrystallites of solid
solutions and the spectral dependences of the absorption index for single crystals of solid
solutions Ag7(Si1-xGex)Ssl (x=0; 0.2; 0.4; 0.6; 0.8; 1) do not differ more than 5%.

Therefore, it is correct to use a non-destructive and simple method, diffuse
reflection spectroscopy, to estimate the value of the pseudo-gap of porous, poly-, micro-
and nanocrystalline objects.

[1] W.F. Kuhs, R. Nitsche, K. Scheunemann, Mat. Res. Bull. 14, 241(1979).
[2] G. Sabau, M.E. Cioaca, M. Munteanu, D. Birgaoanu, O.C. Ciobotea-
Barbu, Romanian Journal of Mineral Deposits, 89(1-2), 93 (2016).

[3] I.P. Studenyak, A.l. Pogodin, I.A. Shender, M.J. Filep, O.P. Kokhan,
P. Kop¢ansky,  Semiconductor  Physics,  Quantum  Electronics &
Optoelectronics., 24(3), 241 (2021).
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TOWARDS UNDERSTANDING THE ELECTRONIC STRUCTURE
OF GASEOUS QUINOLINES BY SYNCHROTRON RADIATION

O. Plekan?, C. Grazioli?, M. Coreno?, M. Di Fraia!, K. C. Prince!, R. Richter?
and A. Ponzi*
LElettra-Sincrotrone Trieste S.C.p.A., in Area Science Park, 34149 Basovizza,
Trieste, Italy,
2 JOM-CNR, Istituto Officina dei Materiali, Basovizza SS-14, Km 163.5, 34149
Trieste, Italy
3 CNR-Istituto di Struttura Della Materia (CNR-ISM), in Area Science Park, 34149
Basovizza, Trieste, Italy,
*Ruder Boskovic¢ Institute, Bijenicka cesta 54, 10000, Zagreb, Croatia.

oksana.plekan@elettra.eu

Among pharmacologically relevant heterocycles, quinoline (see Fig.1 (a)) and its
derivatives are significant because of their wide spectrum of biological and chemical
applications as well as their presence in naturally occurring substances. Quinolines are
widely used in the field of drug design [1-3]. Indeed, they exhibit a considerable activity
against several viruses, including antibiotic, anticancer, anti-inflammatory,
antihypertensive, and antitubercular properties. The discovery of chloroquine, the most
famous drug containing the quinoline scaffold, resulted in the control and eradication of
malaria for decades [4].

Fig.1. Ball-and-Stick representations of (a) quinoline (CgH;N) and three derivatives: (b)
4-chloroquinoline (CgHsCIN), (c) 4-aminoquinoline (CyHsN;), and (d) 4-amino-7-
chloroquinoline (CyH;CIN,). The C (gray), Cl (pink) and N (blue) atoms are numbered.

Moreover, quinolines have been observed in planetary atmospheres [5] and in the
interstellar medium [6]. Therefore, the spectroscopic properties of quinoline in the gas
phase are of potential interest for astrophysical studies and observations, as well as for
cosmochemical theoretical simulations. Recently, the comprehensive review about
dissociative photoionisation of quinoline induced by VUV radiation has been published
by Kadhane et al. [7]. Authors of [7] have concluded that decay products observed in this
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work have been found abundantly in Titan’s atmosphere. Hence, considering the
astronomical importance of quinoline and in situ confirmation of the presence of large
sized nitrogenated hydrocarbons in Titan’s atmosphere, their observations indicate the
possible role of nitrogen containing heterocycles in the equilibrium composition of
Titan’s atmosphere, asteroids and even cometary surroundings, which warrants further
investigation.

In view of the mechanism of biological and astronomical importance of quinolines,
a comprehensive analysis of their electronic structure under isolated conditions becomes
crucial. Some quinolines decompose during evaporation, which makes them unsuitable
for photoelectron spectroscopic analysis. Thus, in the present work, we have studied
those substituted quinolines that contain halogen (—CI) or amino groups (—NH,) since
these groups appear to be important for medicinal properties (see Fig. 1 (b—d)). We have
provided an extensive electronic structure analysis for three substituted quinolines - in
direct comparison to the parent compound - by combining valence band (VB), X-ray
photoemission (XPS) and near edge X-ray absorption fine structure (NEXAFS)
spectroscopy with theoretical calculations.

[1] S. Kumar, S. Bawa, H. Gupta. Mini- Rev. Med. Chem. 9, 1648 (2009).

[2] V.R. Solomon and H. Lee. Curr. Med. Chem. 18, 1488 (2011).

[3] R. Musiol. Expert Opin. Drug Discov. 12, 583 (2017).

[4] K. Kaur, M. Jain, R.P. Reddy, R. Jain. Eur. J. Med. Chem. 45, 3245 (2010).
[5] A.G.G.M. Tielens. Rev. Mod. Phys. 85, 1021 (2013).

[6] M.A. Sephton. Nat. Prod. Rep. 19, 292 (2002).

[7] U.R. Kadhane, M.V. Vinitha, K. Ramanathan, S. Arun, J. Bouwman, L.
Avaldi, P. Bolognesi, R. Richter. J. Chem. Phys. 156, 244304 (2022).
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SPIKE-LIKE TRANSIENT CURRENT IN A SINGLE-MOLECULAR
FIELD-EFFECT TRANSISTOR

V. O. Leonov, Ye. V. Shevchenko, E. G. Petrov

Bogolyubov Institute for Theoretical Physics of NAS of Ukraine, Kyiv
e-mail: leogluck@gmail.com

The molecular photodiode is a nanoscale structure consisting of a fluorophore
molecule that is placed in between two metal electrodes (1LM2-system). In such a system
the energy of the quantum of light can be converted to the electrons flow within the
system under certain conditions. The gate electrode controls the current through the
system by shifting molecular orbitals’ energies (Figure 1). This makes the system act like
a field-effect transistor.

| GATE |
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Figure 1.

Using a nonequilibrium density matrix approach we described the phenomenon of
current formation in the 1M2-system placed in the photon field. The transient current,
I(t), reflects the process of establishing a stationary charge transfer mode in a current-
carrying system [1,2]. In a single-molecule field-effect transistor, the currents 1(1)(t) and
1(2)(t) through the corresponding electrodes 1 and 2 are controlled by the bias (\Vb) and
gate (VG) voltages, as well as the optical field. Due to the optical field, the excited
singlet term of the molecule is also involved in electron transfer. We showed that such
activation can be observed with a transient current, which manifests itself in a
symmetrical or asymmetric form depending on the strength of the coupling to electrodes
1 and 2 (parameters I'(1) and I'(2), respectively). One of the examples is shown in figure
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2 at a certain rate ks(f) of the optical singlet-singlet transitions for symmetric (nH=0.5)

and asymmetric (nH=0.6) cases, where nH is a relative shift of electron density alongside
HOMO orbital [2].
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Figure 2

[1] E.G. Petrov, V.O. Leonov, V. Snitsarev, J. Chem. Phys. 138, 184709 (2013).
[2] E.G. Petrov, Ye.V. Shevchenko, V.V. Gorbach, S. Lyubchik, A. Lyubchik,
AIP Advantes, 12, 105020 (2022).
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MOJIEJTIOBAHHSI BAPIAIIIN TAPAMETPIB JMUHAMIUHHUX
TA TEILJIOBUX IMMPOLIECIB Y TEOKOCMOCI HAJl YKPATHOIO
Y HEPIOJ MAKCUMYMY
24-TO IIUKJTY COHAYHOI AKTUBHOCTI

B.B. Konoasxuuiit?, M.B. JIamenko?, JI.9. €menssanos?, JI.A. J[3106aH0B?

Y Incmumym ionocgpepu HAH i MOH Yxpainu, m. Xapxis
2 Hayionanonuii mexuiunuii yHisepcumem
«Xapxiscokut noIImexHiyHuu iHcmumymy, M. Xapkie
e-mail: lion@iion.org.ua

[IpoBeneHO HamiBEMIIPUYHE MOJENIOBAHHA IPOCTOPOBO-YACOBUX  Bapialii
napamMeTpiB JUHAMIYHUX Ta TEIUIOBUX MpOIECIB B 10HOC(EpHiM I1uasMi Ha ¢asi
MakcuMyMmy 24-ro 1mukiy coHs9Hoi aktuBHOCTI (2012-2015 pp.) 3 BUKOpHCTaHHSIM
JaHUX, OTPUMAHMUX 3a JOMOMOTOI0 XapKIBCHKOTO pajapa HEKOTepEHTHOTO PO3CISHHS.
HaBeneni BuXiHI TEOPETHYHI CHIBBIAHOLIEHHS JJisi PO3pPaxyHKy MapaMmeTpiB
JUHAMIYHUX 1 TEIJIOBUX TmporeciB B 1oHocdepl. g po3paxyHKy mapamMeTpiB
He#TpaibHOT aTMochepr BUKOpUcTaHo emiipuuny Moaeinb NRLMSISE-00 [1].

Jist TunoBuX reoi3MYHUX MepioAiB (BECHSHE Ta OCIHHE PIBHOJICHHSA, JIITHE Ta
3MMOBE COHIIECTOSIHHSI) TOOYZ0BaHO Ta MPOAHAI30BaHO J00O0BI Bapiallii MmapaMerpiB
IMHAMIYHUX Ta TEIUIOBUX MPoI1IeciB B ioHOC(epi Ha BucoTax Bia 210 mo 450 km.

Po3paxoBaHO 3HAYeHHA IMIBUAKOCTI TIEPEHECEHHS IUJIa3MH 32  PaxyHOK
aMOinmossipHoi 1udy3ii, TYCTUHM IIOBHOT'O IOTOKY IUIa3MU Ta TOTOKY 3apsiKEHUX
YaCTUHOK 3a paxyHOK amOinosisipHoi audy3ii, 3HaYeHHs eHeprii, 10 MIIABOAUTHCS [0
€JIEKTPOHHOTO Ta3y, TYCTMHHM TIOTOKY TeIjla, $KE MEPEHOCUTHhCS EINEKTPOHAMHU 3
mnasmocdepu 10 i0HochepH, a TaKoX IIBUIKOCTI €KBIBAJIGHTHOTO HEUTPAILHOTO BITPY
Ta MEPUIIOHAJIBHOI CKJIaJ0BO1 IBUIKOCTI HEUTPAIBHOTO BITPY.

BusiBiieHo, 1o a1t JOCIDKyBaHHUX MEPI0JIIB 3MIHU Y Bapiallisgsx KOCMIYHOT ITOTOIx
MPU3BOJSATH JI0 ICTOTHHX 3MIH Yy TPOCTOPOBO-YACOBUX Bapiaiisx MapameTpiB
JUHAMIYHUX Ta TEIUIOBUX IpoiieciB B 10HOChepi. KinbKicHI Ta SKICHI XapaKTePUCTHUKU
IMX T[apaMeTpiB 3a3HAIOTh 3MIH TiJ dYac 30ypeHb KOCMIYHOI TOTOAM HaBITh MPH
HE3HAYHOMY MOCUJICHHI T€OMAarHiTHOT akTUBHOCTI. [[puyrHamMu TakuX 3MiH MOXYTb OyTH
MOCWICHHSI TOPU30HTAIILHUX TepMocpepux BITPIB Ta MPOHUKHEHHS 30HAIBHUX
MarHiToc(epHUX E€JIEKTPUYHMX TOJIIB B CEPEIHI LIUPOTHU B MEPIOU PIBHOACHD.

OtpumaHi  pe3ynbTaTH  PO3PAaXyHKIB  MOXYTh  BHKOPHUCTOBYBATHCS Y
dbyHIaMEHTAIBHUX JOCIIPKCHHSIX COHSYHO-36MHUX 3B SI3KIB 1 TE€OKOCMOCY, JJIA
BUPIIICHHS TMPUKIAJAHUX 3a7ay, SKl IMOB’sA3aHl 3 MOXJIMBICTIO MPOTHO3YBAHHS CTaHY
KOCMIYHOT TTOTO/IH, & TAKOXK ISl TTOAAIBIIIOT0 PO3BUTKY PETiIOHAIBLHOT MOAENi 10HOChepr
CERIM IION.

[1] J. M. Picone, A. E. Hedin, D.P. Drob, A.C.Aikin, J. Geophys. Res. 107,
Ne A12, 1 (2002).
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OCOBJIMBOCTI ATPET'ALIIl IUAHIHOBUX EAPBHUKIB
Y MATPUIAX TiO:

I1.B. ITickiosa, 1.FO. Ponakoga, I.I. becnanora, C.JI. Epimosa, O.B. Copokin

Incmumym cyunmunayitunux mamepianie HAH Ykpainu, Xapxis
e-mail: polinkapisklova@gmail.com

J-arperatu — 116 HAHOPO3MIPHI JIOMIHECIIEHTHI KJIacTepH, YTBOPEHI OpraHIYHUMU
MoisiekynaMu. [li CKym4eHHs OTpuUMaliM Ha3By BiJl CBOr0 MEPIIOrO0 BHUHAXITHUKA
E. Jl>xemmi. 3aBasku BUCOKOMY MOPSIKY BIOPSAKOBAHOCTI MOHOMEpIB y J-arperarax Ta
CUJIBHOMY MIDKMOJIEKYJISIPHOMY 3B’SI3Ky MIDK MOHOMEpaMH, €JIEeKTPOHH1 30y UKeHHS J-
arperariB SIBJISIFOTh CO0010 ekcuToHU DpeHkerns, Mo 1eT0Kali30BaHl Ha TEBHIN KUIBKOCTI
MOHOMEPIB (Ncon — €KCUTOHHA KOTEpEeHTHa JOBXKHMHA). SIK HACIIJOK, CIEKTPOCKOIIIYHI
BJIACTUBOCTI J-arperariB 3Ha4HO BIAPIZHSAIOTHCS BiJ BJIACTHBOCTEM MOHOMEpIB. J-
arperaTy XapakTepU3yIOThCS BY3bKOIO CMYTOI0 MOTJMHAHHA (J-CMyroro), 3MillIEHOIO B
YEpBOHUM KOJIP BIJHOCHO JI0 MOHOMEPHOI, Maif’ke PE30HAHCHOIO JIIOMIHECIICHIIIEIO 3
Ha0araTo MEHIIMM YacOM 3aracaHHs JIFOMIHECIEHIIIi, HI)K y MOHOMeEpIB, depe3 edekT
€KCUTOHHOTO  HaJABUIPOMIHIOBaHHS [1]. VYHikanbHI  BIacTUBOCTI  J-arperartiB
3a0€3MeuyloTh iX IIUPOKE 3aCTOCYBaHHS B pPI3HUX 00JacTAX, TakuxX sAK (POTOHIKA,
CEHCOpHUKa, POTOENEKTPUYHA TEXHIKA, 010JIOT1s TOLIO.

AKTyanbHUM 3aBJaHHSIM € CTBOPEHHS TBEPAMX 3pa3KiB J-arperartiB, siKi MaroTh
Builly $oTo- Ta (i3UUHY CTAOUIHHICTH MOPIBHSHO 3 pO3UYMHAMU. TaKMM YMHOM, BOHH €
MEePCIEKTUBHUMHU JJI PI3HOMAHITHUX 3aCTOCYBaHb. Taki 3pa3Ku MOKYTh OyTH OTpHUMaHi,
HAIPUKJIIAJ, Y BUTJISIII MTOJTIMEPHUX TJTIBOK 200 OPUCTUX MATPHIIb.

B panuii yac mMarepiaqu Ha OCHOBI JIOKCUAY THUTaHy IIMPOKO BUBYAKOTHCA 1
BUKOPUCTOBYIOTBHCSI 3aBJSKM CBOIM YHIKQJIBHUM BJIACTHBOCTSAM. 110 — HEIOPOTHIA,
€KOJIOTIYHO YHMCTHI Marepiaj, WIMPOKO MOLIMPEHUN y npuponl, CTidkuid o YO-
BUIPOMIHIOBaHHS. BiH Mae HamiBOPOBIAHMKOBI BIACTHBOCTI 1 TPH IMOTJIMHAHHI KBaHTa
€JICKTPOMArHITHOTO BUIIPOMIHIOBAHHS 3/JIaTHUM T€HEPYBAaTU Tapy 3apsjiB «EIeKTPOH-
nipka» [2].

Hamu npomeMOHCTpoBaHO Jesiki OCOOIMBOCTI arperaiii KiTbKOX ITlaHIHOBHX
OapBHUKIB y MaTPHISIX TIOKCUAY TUTAHY y BHUTJISI OKpEMUX a00 KOMOIHOBAaHUX TOHKHUX
IBOK. BusBIEeHO, MO 3ajekKHO Bix 3apsay Martpuilb 1102 MOXYTh YTBOPIOBATHCS
arperati pi3Horo tumy. bylo moka3zaHo, M0 3a JOMNOMOIOK PI3HUX KOMOIHAI
OapBHMKIB MOYKHA TOKPAIIUTH ONTUYHHUH BIATYK 3pa3Ka.

[1] G. Busse, B. Frederichs, N. Kh. Petrov, S. Techert, Phys. Chem. Chem.
Phys. 6, 3309 (2004).
[2] X. M. Song, Journal of Physical Chemistry C. 113, 10681 (2009).
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EXTREMELY NARROW, SHARP-PEAKED RESONANCES
AT THE EDGE OF THE CONTINUUM

I. Lukosiunas?!, L. Grineviciute?, J. Nikitina?, D. Gailevicius?, and K. Staliunas!3#

Wilnius University, Faculty of Physics, Laser Research Center, Sauletekio Ave. 10,
Vilnius, Lithuania
2Center for Physical Sciences and Technology, Savanoriu Ave. 231, LT-02300 Vilnius,
Lithuania
3ICREA, Passeig Lluis Companys 23, 08010, Barcelona, Spain
“UPC, Dep. de Fisica, Rambla Sant Nebridi 22, 08222, Terrassa (Barcelona) Spain
e-mail: ignas.lukosiunas@ff.vu.lt

In this work, we primarily focus on the classical phenomenon of resonance shape, its
origins, and its behavior in the thin dielectric films that exhibit transverse periodicity. The
resonance itself forms whenever the incident light wave excites transverse propagating
modes inside the device, which back-scatters it consequently. The reflection, induced by the
device, corresponds to certain resonant modes which are quantified in the semi-analytical
model borrowed from linear quantum mechanics: the numerical results are shown in fig. 1
(a,b).
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Figure 1. Guided mode resonances (a) and the spectral-angular response of a periodic
waveguide (b)

The idea of the analytical model is to define the shape of the resonance which is at the top
edge (i.e. substrate) of the potential well, thus bringing forth the asymmetrical shape and
leaky field behavior. Such an effect is achieved once the right parameters, such as the
width, depth, and coupling coefficients of the well are properly tuned to match the
resonance for desired wavelengths of the beam propagating perpendicularly about the well.
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The same effects are achieved for a light wave traveling across the periodic thin dielectric
film device which, due to the quantum mechanism analog, couples the incident wave with a
reflected one via excited wave-guide mode. Such behavior is thoroughly analyzed with
Rigorous Coupled Wave Analysis [1] method and is experimentally realized via the lon
Beam Sputtering method, thus matching the simulated result. Practical applications of such
resonances involve - sharp, narrow spectral beam filters, spatial light filters, polarizers, and
light couplers [2-5].

[1] M. G. Moharam, Drew A. Pommet, Eric B. Grann, and T. K. Gaylord, J.
Opt. Soc. Am. A 12, 1077 (1995).

[2] L. Grineviciute, J. Nikitina, C. Babayigit, and K. Staliunas, Applied
Physics Letters. 118, 131114 (2021).

[3] L. Grineviciute, C. Babayigit, D. Gailevicius, M. Peckus, M. Turduev, T.
Tolenis, M. Vengris, H. Kurt, and K. Staliunas, Advanced Optical Materials.
10.1002/adom.202001730 (2021).

[4] 1. Lukosiunas, L. Grineviciute, J. Nikitina, D. Gailevicius, and K. Staliunas,
”Extremely Narrow, Sharp-Peaked Resonances at the Edge of the Continuum”
23 (2022).

[5] R. Magnusson, Opt. Lett. 38, 989 (2013).
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OOTOJIOMIHECHEHIIIA BOAHOTI'O PO3YNHY MOJIEKYJ TUMIHY

M.M. Capo3z, M.1. Hladppanbomi, M.O. Maprituu, M.1. Cyxosis, I1.b. Monnap,
A.L Jlemko, O.0. nenuk, 1.I. Illadbpanbomr

Votceopoocvkuii nayionanvrul ynieepcumem, ¥Yauceopoo
e-mail: mykhailo.saroz@uzhnu.edu.ua

Hocnimxenus (GoTodi3MUHUX XapaKTEPUCTHK a30TUCTHUX OCHOB HYKJICTHOBUX
KHCIIOT Ha JaHWW 4Yac € HaA3BUYANHO aKTyalbHUM Ta € TMPEIMETOM aKTHBHHUX
nocaikens [1-4]. TlpuumHamMu 1BOTO € BHUSCHEHHS MEXaHi3MiB (POTOIHIYKOBAHOTO
BIUTUBY Ha O10JIOT1YHI CTPYKTYpPH, @ TaKOXK MoTpedamu 3 OOKY HOBITHIX O10TEXHOJIOTIH.
BHacniIok TOKCUYHOrO BIUTMBY YJAbTPad10JeTOBOTO BUIPOMIiHIOBaHHS (Y®) Ha KuBI
OpraHi3MH, BaXJIUBO 3PO3YMITH iXHIH €PEKT Ha MOJEKYJISIPHOMY PIBHI - PyWMHYBaHHS
ctpykrypu JHK, PHK Ta ixHix cknagoBux. Y@ BUIPOMIHIOBAHHS,  IOIJIMHEHE
HYKJICTHOBUMH KUCJIOTaMHU, MOXXE BUKIJIMKATH KackaJ HeOe3NeuHnX (POTOXIMIYHUX MO/
1 TOTEHUIHHO MOXE NPU3BECTH [0 MOLIKOJKEHHS T'€HETUYHOro kony. B 1pomy
MOBIJJOMJICHHI ~ MPEJICTABISIOTHCS PE3yJIbTATU JOCIHIJKEHb JIOMIHECICHIIT MOJIEKYJ
A30TUCTOI OCHOBM THUMIHY IIiJl JI€EI0 ONPOMIHEHHS 3 YacTOTaMH Yy BHAMMIN Ta
yIbTpadioneToBi 001acTi CIEKTPY.

JIroMiHECHeHITIs JOCIKYBaIach 3 BHUKOPHUCTaHHSIM criekTpodiayopumerpa RF-
6000 xommanii Shimadzu. /xepenom BuUNpOMiHIOBaHHS OyJia KCEHOHOBA JlaMIia, siKa
reHepyBaja BUIPOMIHIOBAHHS 3 JoBxkuHaMu XBWiIb Bl 200 HM g0 900 M. Jlanuit
cnekTpodayopumeTp OyB JOMOBHEHHUM KEPEIOM Ja3epHOTO BUITPOMiHIOBaHHS, IPOMiHb
SAKOTO BCTAaHOBIIOBABCS MiJ KyToM 90° A0 JiHIT ONPOMIHEHHS BiJi KCEHOHOBOI JIaMIIH.
HelitpanbHuil po3uMH THUMIHY OYB NPUTOTOBJIEHWW Ha OCHOBI AUCTWIATY BOJIM Ta
npernapary 1i€ei a3otuctoi ocHoBH Gipmu Sigma-Aldrich (uncrora 99 %).

B naHiif pob0OTI OTprMaHi HOBI JaHi 3 (HOTOJOMIHECIEHIIT HEUTPATbHUX BOJHUX
PO34YMHIB TUMIHY IIPHU KIMHATHINA TemrepaTypi. OTpuMaHo cnekTp (GOTOTOMIHECIICHITIT
BOJHOTO PO3YMHY THUMIHY TIpM KIMHATHIA  TeMrepaTrypi, sKa IHiliiloBaHa
BUIIPOMIHIOBAaHHSIM KCEHOHOBOi JamMmnu 3 JOBXKHMHOKO XBuil 275 HM. Cnekrp
JIOMIHECIICHITIT MpeACTaBIIsie COO0I0 MUPOKY CMYTY 3 HEYITKO BUPAKEHUM ITOPOTOM TIPH
noBxuHl xBwil 280 HM Ta MakcCMMyMoM Yy crniektpaibHiid obmacti 320 um. [loBeminka
KpPUBOI JIFOMIHECIICHIIII MPaKTUYHO 3aJIMIIAETHCS HE3MIHHOIO TPH Bapiallii JOBXKUHH
xBWIl 30ymkeHHst B iHTepBaii Big 200 aM 10 280 uM. CrnocTepiraroTbesi po301’KHOCTI
pe3yJbTaTIB HALIUX CKCIIEPUMEHTIB 3 JJaHUMHU poOiT [5, 6] (BOJHI HEHTpaIbHI PO3YNHH)
ta [7] (mniBku nipu Temneparypi 77 K) .

[IpuBenenuit cnekTp BimoOpaxkae nuiie (iyopecieHIio, a GocdopecieHiiis He
nposiBisieTbes.  BiacyTHicTh (docdopeceHii Moxxke OyTh mnosicHeHa BrumiBoMm pH
PO3YMHHHUKA Ta TEMIIEpaTypH.

dizuyHa KapTHUHA Tporiecy (HOTOIIOMIHECIICHITT HEUTPATLHOTO BOAHOTO PO3YUHY
TUMIHY SKICHO 3MIHIOETbCS MIPU BIUIMBI 10JaTKOBOT'O 1HTEHCUBHOI'O €JIEKTPOMArHITHOTO
nosist (EMII). Takuit MeTonuyHMM miaxia AJisg TAMIHY OyB 3aCTOCOBAHUI BIepIIe.
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Hns  ctBopenHs EMII namMmu Oylno BUKOPUCTAHO JKEPENIO  J1a3€pHOTO
BUNPOMIHIOBaHHS 3 JOBKHHOKO xBWil 530 HM Ta motyxkHictio 0,25 Bat. 30ymkeHHs
BOJHOT'O PO3YMHY THUMIHY 3 OJIHOYACHOIO JII€I0 BUIIPOMIHIOBAHHS KCEHOHOBOI JIAMITH Ta
JIA3epHOTO MPOMEHIO MPUBOJUTH JO SKICHUX 3MIH Yy CHEKTp1 JIIOMIHECIEHIIII. 30Kpema,
MOPIr JIFOMIHECIEHIIT ACIIO 3MIMIYEThCS B KOPOTKOXBHJIBLOBY 00JIacTh, @ Ha KPHUBIH
JIIOMIHECIICHITT BHHHUKA€E TOAATKOBHM MakKCUMyM TIpu JoBXuHI XBuiai 410 vHM. Mu
IPOrHO3y€EMO, 1110 yTBOpeHe ja3zepoM iHTeHcuBHe EMII cnipusie yTBOpeHHIO 30y IKEHUX
CUHIJICTHUX CTaHIB (OTOAMMEPIB THUMIHY, SKI B pe3yjbTaTi 1HTEPKOMOIHAIIHHOT
KOHBepcCii (MIKCHCTEMHHUH KPOCHHT), MOMITHO 30UIBIIYIOTh 3aCEJICHICTh TPHUIUICTHUX
craniB 7n. Y cBoro uepry, Iii CTaHW, BHACHIJOK SBWILNA BHYTpPIIIHBbOI KOHBEpCIi,
CIPUYUHSIOTh JTOAATKOBE 3acCeCHHS TMEPIINX TPUIUICTHUX CcTaHiB 71. PamiamiitHuit
po3maj UMX TPUIUIETHUX CTaHIB BUKIMKAE (HOCPOPECICHIIII0, sIKa 1 € TPUYNHOIO MOSBU
JIPYroro MakCUMyMy B 001acTi JOBXUH XBUJb 410 HM. TakuM 4yMHOM, Ha HaIll TIOTJISA,
Ma€e MICLHE€  CHUHEPreTMYHUN BIUIMB JIA3€PHOTO BUIIPOMIHIOBAHHS HAa MEXaHI3M
TpaHcdopmarlii eHeprii 30y>KeHUX MOJIEKYJI. THMIHY.

KopucHuMm € mopiBHSIHHA OTPUMAHMX HaMU JaHUX 13 CHEKTPOM JIFOMIHECICHIIT
ra3oBoi (a3 TUMIHY, 1HII[IHOBAHOI ITYYKOM €JIEKTPOHIB, KU OyJI0 OTpUMaHO B poOOTI
[8]. Ha BinmMiHy BiJ crieKTpy (OTOJIOMIHECIECHI[T BOJAHOIO PO3YMHY THUMIHY CIHEKTP
JIOMIHECIIEHIIT ra30B0i ¢a3u TUMiIHY (HOPMYIOThH MPOIECH TUCOIIATUBHOTO 30Y/KEHHS
MOJIEKYJI, TUCOIIIaTUBHOIO 30Yy/KEHHS 3 10HI3AIli€l0, 30Y/KEHHSI €JEKTPOHHUX PIBHIB
BUXIJTHOT MOJIEKYJIM Ta MOJIEKYJISIpHOTO 10HY. [Ipy 1IboMy cI1ijJi 3a3HAYUTH, 1110 B YMOBaxX
razoBoi ()asu TUMIHY pyHHYBaHHS METACTaOUIbHUX TPUILIETHUX CTAHIB MPAKTUYHO
BIICyTHE. ABTOpU poOoTH [8] B pe3yapTaTi iAeHTH(IKAILil CHEKTPY JIOMIHECLEHIIIT
JTIANUIA BUCHOBKY, IO CIEKTPaJibHI O0COOJMBOCTI B 00JIACTI AOBXHH XBWUJIb ~ 320 HM
BIJINOBIJIAIOTH (hIryopecueHIlli, a B 00aacTi JoBxkUH XBUIb ~ 400 HM - dochopecueniii.
Taknii BUCHOBOK KOPENIOE 3 HAIMM TIYMAadeHHSM OMHUCaHOI BUIIE (Di3WYHOI KapTUHU
nporiecy (GOTOJFOMIHECIIEHIIIT MPU BIUIMBI JOJAATKOBOT'O €JIEKTPOMArHiTHOTO TMOJIS.

[1]C. E. Crespo-Hernandez, B. Cohen, P. M. Hare, B. Kohler, Chem. Rev. 104, 4
(2004).

[2]G. Olaso-Gonzalez, D. Roca-Sanjuan, L. Serrano-Andrés, M. Merchan, J.
Chem. Phys. 125, 231102 (2006);

[3]1. Shafranyosh, M. I. Sukhoviya, J. Chem. Phys. 137, 184303 (2012);

[4]R.Improta, F. Santoro, L. Blancafort, J. Chem. Rev. 116,6 (2016);

[5]M. A. Morsy, A. M. Al-Somali, and A. Suwaiyan. J. Phys.Chim. B. 103, 11205
(1999).

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

[7]N.Ya. Dodonova, M.N. Kiseleva. lzv. Akad. Nauk SSSR. 39, 2232 (1975).

[8]1. Shafranyosh & M. I. Sukhoviya. Optics and Spectroscopy 102, 500 (2007).
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SCALING INDEX TO MEASURE SPATIAL PATTERNS IN COMPETING
DYNAMICS ISING MODEL

J. Kvedaravicius?, A. Kononovicius?

'Faculty of Physics, Vilnius University, Lithuania
2Institute of Theoretical Physics and Astronomy, Vilnius University, Lithuania
e-mail: justas.kvedaravicius@ff.stud.vu.lt

The well-established ideas of the Ising model from statistical physics have seen
further development in the field of sociophysics. A lattice of spins and its Ising-like
interactions has proven to be a fruitful framework to describe the evolution of state and
exchange of opinions in human society. Recent years have seen new efforts to facilitate
comparison of results from temporal opinion models to empirical or experimental data
[1, 2]. Such data are usually rich in spatial diversity and accounting for the mobility
dynamics can bridge the gap between the models and the data. However, there is little
investigation on effects of both temporal and spatial dynamics in spin models except for a
special case of the Ising model [3].

This research proposes a new scaling-based method to determine and measure
what spatial patterns emerge when competing Metropolis (temporal) and Kawasaki
(spatial) dynamics in the Ising model are applied. Numerical Monte Carlo simulations
were performed for the competing dynamics model at various Metropolis temperatures
Tw and dynamics selection parameter p. Four distinct cases of Kawasaki dynamics
temperatures Tk were considered - zero (Tx = 0), infinite (Tx = ), critical (Tx = T¢) and
varying temperatures (Tx = Tm ). Spatial patterns are determined by evaluating the
proposed diversity index and calculating the fractal dimension by utilizing the box-
counting method. Both values are obtained by changing the scale of the model lattice.
Calculation of the diversity index closely resembles the renormalization technique,
instead spins of the scaled lattice represent mean values of the spins from the original
lattice. For each new scale of lattice, the relative standard deviation is calculated, and a
scaling curve is obtained. The usual antiferromagnetic, ferromagnetic, and paramagnetic
configurations result in unique scaling curves, which allows us to get the diversity index
values ranging from -1 (antiferromagnetic configuration) to 1 (ferromagnetic
configuration).

Two distinct cases of competing dynamics in the ferromagnetic Ising model show
profound changes in the lattice configurations based on the values of the scaling
measures. Cases for zero and infinite Kawasaki temperatures lead to change of the phase
transition temperature. Zero temperature Kawasaki dynamics allows only energy
reducing Monte Carlo steps and leads to the formation of fractal structures in the

ferromagnetic temperature range as seen in Fig. 1. Whereas infinite temperature
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Kawasaki allows only energy increasing MC steps and antiferromagnetic ordering
emerges for sufficiently small p.

Setting Kawasaki dynamics temperature equal to that of Metropolis results in
Metropolis-type spatial patterns. The diversity index in this case reaches its peak value at
the critical temperature point even though the ferromagnetic temperature range should
show the highest index values. This result is due to the inaccuracy of the index with order
parameter close to the extreme values. Fractal dimension also differs from the usual
topological dimension at the critical point confirming scale invariance. Paramagnetic
temperature ranges exhibit non-integer fractal dimension due to the selected small boxes
scaling range (see Fig. 1). Critical Kawasaki temperature case only strengthens domain
separation at critical temperature value.
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Figure 1. Diversity index (top) and fractal dimension (bottom) values for
competing Metropolis-Kawasaki dynamics in Ising model.
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The case of global Kawasaki dynamics with Tx = 0 is shown. Different curves
represent the different dynamics selection parameter p values, where p = 1 corresponds to
pure Metropolis dynamics and p = 0 to pure Kawasaki dynamics. Calculations were
made for 64x64 lattice with 10° MC steps for equilibration, fractal dimension was
calculated for boxes covering from 1 up to 16 spins.

In conclusion, the non-trivial results of zero or infinite Kawasaki temperature in
competing dynamics match those reviewed in [3] and referenced therein. In terms of
spatial diversity, scaling methods prove relevant in capturing spatial patterns and scale
Invariances so abundant in Ising type models. Yet the quality of measurement depends on
the relative sizes of different spin value populations.

[1] J. Fernandez-Gracia, K. Suchecki, J. J. Ramasco, M. Miguel, V. Eguiluz,
Physical Review Letters 112, 158701 (2014).

[2] A. Kononovicius, Journal of Statistical Mechanics: Theory and Experiment
2019, 103402 (2019).

[3] S. Artz, S. Trimper, International Journal of Modern Physics B. 23, 151
(1998).
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MAHIYJJIOBAHHSI HOKA3HUKOM 3AJIOMJIEHHSI TOHKHUX IIJIIBOK
TPU-(8-TIIPOKCUXIHOJIIH) ATIOMIHIIO, ITMIITAHOMETUJEHIIIPAHY
TA HOI'O MOXIJTHUX

B. Bacinses?, b. Typxo?, I. Kap6osuux!, A. Koctpy6a?, O. Kymmnip!

YUlvsiscoruil nayionanvnuii ynieepcumem imeni leana @panxa, JIveis
2Tv6i6COKUL HAYIOHATLHULI YHIGEpCUmMEem 6emepUHAPHOT MeOuyuHU ma 6iomexHon02ill
inmeni Cmenana Ioicuyvkozo, Jlvsis
e-mail: Vladyslav.Vasilyev@Inu.edu.ua

Jlo Oe33anmepeyHuX MepeBar OpraHIYHMX MaTepiaiiB, 3a3BHYald, 3apaxOBYIOTh
JEIIEBU3HY, IJIACTUYHICTh, BUCOKY €(EKTHMBHICTh 1 BaplaTUBHICTb METOJIB CHUHTE3Y.
OmHuMU 3 HAWOLIBII IMUPOKO JOCHIPKYBAaHMX OPTraHIYHUX CIONYK € TpH-(8-
riApoKCUXiHOMIH) amoMiHilo (Alqs), aumianometwienmipan (DCM) Ta #ioro moxigHi.
[{ikaBicTb O IUX CTPYKTYp OOYMOBJIEHA HAI3BUYANHO HMIMPOKUM CIIEKTPOM IXHBHOTO
MIPAaKTUYHOTO 3aCTOCYBaHHS — BOHHM BUKOPUCTOBYIOTHCS SK KOMIIOHEHTH AKTUBHUX
CEpEellOBHUII JIa3epiB, OpraHiYHMX CBITJIOBHNpOMiHIOOYNX AiofiB (OLED), cencopis
(BUOYXOBUX pPEUYOBMH, 30KpeMa), JOTIYHUX BEHTHIIB, CEHCHOUTI30BaHUX OapBHUKAMU
COHSIYHMX eJIeMEHTIB Tomlo. Sk Bigomo, B OLED-npuctposix nuiiie HeBeTUKa 4acTHHA
3r€HEepPOBAHOTr0 CBITJIa BUXOAUTH Ha30BHI [1]. BusBumiocs, 1o miaBUIIUTH NPUOIU3HO HA
30 % xBanToBy edextuBHICTF OLED MOXHA 3MEHIIEHHSIM BEIWYWHU TIOKA3HHKIB
3aJloMJIeHHST TOHKOIUTiBKOBUX mapiB y OLED [1]. ABropu [1, 2] BUKOpUCTaIu METOJ
oca/pKeHHs MiJ rocTpuM KyTom (oblique angle deposition) ajis 3MEHILIEHHS BETUYUHU
MOKAa3HUKA 3JIOMJICHHSI TOHKUX TUTIBOK AlQs.

Touki mmeku DCM, DCM-5, DCM-18, Algs:DCM (10 Bar.% DCM) Ta
Alg3:DCM-5 (10 Bar. % DCM-5) Oyi0 OTpMaHO METOJOM TEPMIYHOTO BaKyyMHOTO
BHUITAPOBYBAHHS Ha CKISTHUX ITiIKJIaJIKaX, PO3MIMIEHUX TMEPIICHINKYIIPHO Ta Ml KYTOM
10° mo mOTOKYy Tmapu OCap)KyBaHOI PEUOBHMHU. 3a PE3YNbTATH EIINCOMETPUUHUX
JOCIIKEHb WX TUTIBOK BCTAHOBJIEHO, II0 BUKOPHUCTAHHIM METOAY OCAJ[KEHHS TUIIBOK
DCM, DCM-5, DCM-18, Algs:DCM (10 Bar. % DCM) Tta Alqs:DCM-5 (10 Bar. %
DCM-5) mig roctpuM KyTOM MOKHA MAaHIMYJIOBAaTH BEJIMYMHAMU IXHIX IMOKAa3HUKIB
3aJIOMJICHHS Ha JOBXKMHI XBWJII cBITMIa A = 632,8 HM B Mexkax Big An ~0,05 mo An ~0,18.
Otpumani pe3ynpTaTd OyayTh KOPHUCHHMHM IpPU ONTHUMI3alli Ta KOHCTPYIOBaHHI 3
JOCJIPKYBAaHUX TOHKUX TUTIBOK BUCOKOS(DEKTUBHUX OPTraHIYHUX CBITJIOIOMIIB.

[{s mocmimHuibka podoTa Oyna miaTpuMana HarionanbHUM (OHIOM JOCIITKEHB
Vkpaian, 2020.02/0217  «CBiTiOreHepyroUdi  HU3BKOPO3MIpHI  CTPYKTYpH 3
MOJISIPU30BAHOIO JIFOMIHECIIEHITI€I0 Ha OCHOB1 OPTaHIYHKX 1 HEOPTaHIYHUX MaTepiajiBy.

[1] A. Salehi, Y. Chen, X. Fu, C. Peng, F. So, ACS Appl. Mater. Interfaces 10, 9595
(2018).

[2] B. Szeto, P.C.P. Hrudey, J. Gospodyn, J.C. Sit, M.J. Brett, J. Opt. A Pure Appl. Opt.
9, 457 (2007).
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INVESTIGATION OF ASPIRIN, PARACETAMOL AND IBUPROFEN
BY PHOTOEMISSION SPECTROSCOPY AND THEORETICAL
CALCULATIONS

H. Sa’adeh!?, K.C. Prince?3, R. Richter?, V. Vasilyev*, D.P. Chong?®, F. Wang?®

!Department of Physics, The University of Jordan, Amman 11942, Jordan
2Elettra Sincrotrone Trieste, Area Science Park, Basovizza, Trieste, Italy
3Department of Chemistry and Biotechnology, School of Science, Computing and
Engineering Technologies, Swinburne University of Technology, Melbourne, Victoria
3122, Australia
“National Computational Infrastructure, Australian National University, Canberra, ACT
0200, Australia
*Department of Chemistry, University of British Columbia, Canada
e-mail: hanan.saadeh@ju.edu.jo

Synchrotron-based spectroscopic techniques represent a unigue tool in the study of
isolated molecular species of biological and/or pharmacological interest. Knowledge of
the electronic structure of these molecules is of fundamental importance for
understanding their functioning and possible malfunctioning. Valence photoemission
spectroscopy (PES) and core X-ray photoelectron spectroscopy (XPS) are classic but
reliable synchrotron radiation tools for studying the electronic structure of molecules in
the gas phase, by producing neat and sharp experimental data to be compared with
guantum mechanical calculations. XPS probes the chemical state of the molecule because
the binding energy shifts depend on the chemical environment of the atom that is ionized,
while valence band (VB) spectra provide complementary information about the valence
states.

We have investigated the electronic structure of three essential, commonly used
medications: aspirin (C9HgO,), paracetamol (CsHgNO,), and ibuprofen (Ci3H1502) [1].
Valence band and core level photoelectron spectra (see, e.g., Figure 1) were measured at
the GasPhase (GAPH) Photoemission beamline of Elettra-Sincrotrone Trieste, Italy.
Quantum chemical calculations were carried out using the outer valence Green function
(OVGF) model for the valence bands and core electron binding energy (CEBE) model
for the core levels [2]. Although the three compounds share a benzene ring, and they also
have a number of other chromophores in common, their spectroscopic data indicate
chemical diversity, suggesting that their modes of bonding under physiological
conditions are likely to be diverse.

To the best of our knowledge, there have been no reports of the valence
photoelectron spectrum of aspirin, nor of the core photoelectron spectra of any of these
three compounds. The obtained results and their interpretation in the light of quantum
chemical calculations will be presented.
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Figure 3: C1s spectra of the investigated molecules [1].
[1] H. Sa'adeh, K.C. Prince, R. Richter, V. Vasilyev, D.P. Chong, F. Wang, Phys.

Chem. Chem. Phys. Accepted Manuscript (2023).
[2] D.P. Chong, Canadian J. Chem. 74, 1005 (1996).
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PHASE DIAGRAMS OF HOMOCYCLIC HYDROCARBONS
V.V. Sagan, V.A. Konstantinov, A.V. Karachevtseva

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

A phase diagram is a graphical representation of the equilibrium states of a
substance as a function of temperature, pressure and volume. There are stable phases,
which exist for an unlimited time, and metastable phases, the lifetime of which is limited.
The cyclic hydrocarbons considered here, quite often form a metastable phases. The
regions of coexistence of two phases are limited by curves, at any point of which the
temperature and pressure allow the two phases to exist in equilibrium. At normal
atmospheric pressure, the transitions between solid-solid, solid-liquid and gas-liquid
phases can be considered as points on the temperature scale, characteristic for each
substance. If the pressure varies, it leads to changes of the phase transition temperature.
The «triple point» is the point at which the liquid, solid, and vapor phases can exist
together. On P-V or V-T diagrams, these triple-phase states form a line called the triple
line. V-T diagrams allow you to visually observe the position of phase boundaries in
isochoric studies of thermal properties, such as thermal conductivity, heat capacity,
dielectric properties, etc.

Carbon has the unique ability to form a huge variety of stable cyclic structures. A
cyclic compound (or ring compound) is a term for a compound in which one or more
series of atoms in the compound is connected to form a ring. Cyclic compounds can be
homocyclic and heterocyclic. Homocyclic compounds contain atoms in the cycle only
one chemical element. If these are carbon atoms, then such compounds are called
carbocyclic. If there are atoms of different elements in the cycle, then such compounds
called heterocyclic. Here we have considered such homocyclic structures as benzene,
cyclohexane, cyclohexene, and cyclopentane.

There are separate data on phase P-T diagrams of cyclic hydrocarbons, while V-T
diagrams are practically not studied. We tried to make up for this shortcoming using both
literary and our own experimental data, obtained during the study of isochoric thermal
conductivity at different molar volumes and thermal pressure of a number of cyclic
compounds [1-3]. The technique of the conducted studies made it possible to work in a
limited temperature range near melting; therefore, in this paper, we mainly discuss the
high-temperature stable phases of these compounds. All studies of thermal conductivity
were carried out on the setup, using the method of stationary heat flow in a cell of coaxial
geometry. The setup, samples growing procedure and experimentation is described in
detail in [4]. After the end of measurements, the samples were recondensed into a thin-
walled vessel, and the sample masses were determined by weighing. Molar volumes of
samples were calculated from the known volume of the measuring cell and the mass of
samples. The accuracy of determination of molar volumes was no worse than + 0.2% and
+ 2% for pressure. The temperatures To of the beginning of the fulfillment of the
condition VV=const in the experiment and the temperatures T, of the beginning of melting
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of the samples were determined from the characteristic kinks in the thermal conductivity
curve.

Phase P-T and V-T diagrams of solid homocyclic hydrocarbons: benzene (CgHs),
cyclopentane (CsHio) were constructed using both literature and our own experimental
data obtained during the study of isochoric thermal conductivity in high temperature
phases. The V-T phase diagrams of cyclohexane (C¢Hi2) presented earlier, was refined
and supplemented with P-T diagrams. The possibility of constructing a phase diagram for
cyclohexene (CgH1o) is also discussed. The changes in molar volume during melting and
the boundaries of the existence of high temperature phases have been determined. The
magnitudes of thermal pressure in high-temperature phases are obtained. Experimental
values of dP/dT on melting line were compared with those calculated by the Clapeyron-
Clausius equation:

dPm/dT = ASn/AVn

Good agreement between experimental and calculated data is observed. The
magnitude of thermal pressure (dP/dT)y vary from 0.8 to 3.6 MPa/K for cyclic
hydrocarbons discussed and their values correlate in a certain way with the values of
dP/dT on the melting line.

Table 1
Tow | ASm | AVm | (AP/AT) | (dPm/dT)mea | (@Pm/dT)ea | (dPw/d
Compaund K | J/molx | cm3m v 5 I T)/
P K ol | MP@/K | MPa/K | MPa/K | (dP/dT)
V
CeHs | 2785| 354 | 1035 | 25 3.76 3.8 1.6
CeHi» | 2788| 948 | 44 | 082 2.0 2.15 2.6
CeHio | 179.7| 34 | 14 | 14 3.6 3.6 2.4

Table 1: Ty, are the melting points of the corresponding cyclic hydrocarbons at
saturated vapor pressures, AS,, and AV, are the entropy and molar volume changes
during melting, (dP/dT)y are the derivatives of thermal pressure with respect to
temperature, dP,/dT are derivatives of pressure with respect to temperature along the
melting curve both experimental and calculated by the Clapeyron-Clausius equation,
attitude of dP/dT to (dP/dT)y.

[1] V.A. Konstantinov, V.P. Revyakin, V.V. Sagan, O.l. Pursky, and V.M. Sysoev, J.
Exp. Theor. Phys. 139, 220 (2011).

[2] V.A. Konstantinov, A.l. Krivchikov, O.A. Korolyuk, V.P. Revyakin, V.V. Sagan,
G.A. Vdovichenko, and A.V. Zvonaryova, Physica B, 424, 54 (2013).

[3] V.A. Konstantinov, V.P. Revyakin, V.V. Sagan, V.P. Revyakin, O.I. Pursky, Cent.
Eur. J. Phys. 12(9), 654 (2014).

[4] V. A. Konstantinov, S. A. Smirnov, and V. P. Revyakin, Instr. Eksp. Tech. 42(1), 133
(1999).
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PO3PAXYHKU CTPYKTYPU ATOMA V TA IOHA V*
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EnemMentn rpynu 3amiza CTaHOBIATH 3HAYHUNA I1HTEpEC MpPH BHUBYEHHI SIK
acTpo(di3ndHOi, TaK 1 JabOPaTOPHOI MJIa3MH, 1 BAXKJIMBUM € BU3HAYCHHS X BIACTHBOCTEH,
30KpeMa IIBHAKOCTEH Tepexoay MDK HH3BKO po3TamoBaHuMHu ctaHamu [1]. Jlms
ctBopeHHs: Moxeneld COHIS Ta IHIIUX ACTPOHOMIYHHMX 00 €KTIB HEOOXiNHI JeTalbHI
3HaHHA aTOMHUX cHekTpiB [2]. CnekTpanbHa iHGOpMaIlsT BHKOPUCTOBYETHCS IS
BU3HAYCHHS BIJHOCHOI KIJTBKOCTI PI3HUX €JEMEHTIB, MOJIECTIOBAHHS EHEPreTUYHOIO
Oasancy y ¢dotocdepi Ta BU3HAYCHHS BIJHOCHOTO pyxy 3ipok. CHEKTp BaHAJIII0 JTyKe
KOPUCHUM y TaKUX JOCIIJKEHHSIX Yepe3 BIAHOCHO BEJUKY KUIBKICTh I[LOTO €JIEMEHTY Y
dboTocdepi Ta 3HAYHY KUIBKICTh CIIOCTEPEKYyBaHMX JIiHIM. KpiM Toro, crijaBu BaHaiio
BUBYAIOTHCS JJII BUKOPUCTAHHS K KOHCTPYKIIMHOTO MaTepiayly sl MOKPHUTTIB Yy
TEPMOSIEPHUX peakTopax [3].

IcHye Takox 1HTEpec IO MAOCHIKEHHS HENPYKHUX 3ITKHEHb EJIEKTPOHIB 3
aToMaMH BaHAJII0 Ta BU3HAYEHHS e€()EeKTUBHUX Mepepi3iB ux mpouecis. B Toi xe yac,
HasiBHI TEOPETUYHI POOOTU 3ACOUIBIIOT0 MPUCBSIYCHI JOCHIIKEHHIO HAJITOHKOI
CTPYKTYpH aToMa BaHaJit0. 30KpeMa, MacIITA0OHHIA PO3PaXyHOK XBIILOBHX (DYHKIIIH [4]
MPOBEJICHO Y paMKaxX HEPEISTUBICTCHKOTO O0araToKOHQIrypamiiHOro HaOIMKEHHS
Xaptpi-®oka (BKX®). IlpoTe po3kiaa CUIBHOTO 3B’SI3KYy Y ILOMY JOCIIJKEHHI
BimoyaB ax 10 30000 koHdirypaiiiHUX CTaHIB, IO Yepe3 TEeXHIYHI OOMEKEHHS
(aKTUYHO YHEMOXKJIMBIIIOE BUKOPUCTAHHS TaKMX XBHJIbOBUX (DYHKIIN y TOMATBIINX
pO3paxyHKax pPO3CIsSHHS.

Tomy MeTor AaHOi poOOTH € OTpUMaHHS XBUIbOBUX (YHKIIM HEHTPaTbHOTO
aToMa BaHAJII0 Ta WOTO 10HA, MPUIATHUX [JIs TOMATBIINX PO3pPaxXyHKIB Iepepi3iB
31ITKHEHHS €JIEKTPOHIB 3 IUMH aTOMHHUMHU CHCTEMaMH.

OpaHuMm 13 HaWOLIbII €(PEeKTUBHUX MIAXOMIB [JIs TOJMIOHMX PpO3pPaXxyHKIB €
Bukopuctanus bCP-epcii R-marpuunoro metony (BCP, B-spline R-matrix (BSR)) [5] y
koMmOiHaiii 3 metonoM BKX® [6]. Meron BCP no3Bosise He TUIBKH TPOBOJUTH
PO3paxyHKH PO3CISTHHS, ajie, 3 HaKJIaJaHHSIM TPaHHYHUX YMOB, 1 PO3paXyHKH 3B’ SA3aHUX
ctaHiB. JletanbHilme 3 caMUM METOAOM 1 MNPUKIAJaMH MOrO 3aCTOCYBAHHS MOKHA
O3HAWOMMTHUCH Y Hamux nparsx [7-10].

BiaminHoto ocoOnuBicTio MeTtony BCP € MOXIuBICTH BUKOPUCTAHHS 3aJ€KHHUX
BiJl TEpMY HEOPTOTOHAIBHUX opOiTanei. [{e mo3Bossie He3aIeKHO ONTUMI3yBaTH OKpeMi
aTOMHI XBHUJIbOBI (YHKIIi 1 TaKUM UYMHOM TE€HEpPYBATU OUIBII TOYHHUI OMNKC CTaHIB
mimeni. Moro mepeBarn 0coGIMBO TMOMITHI y BHIAAKaX PO3CIIOBAHHS €IEKTPOHIB HAa
CUCTEMAax 31 CKJIaTHOIO KOH(DITypariitHOI CTPYKTYPOIO, BKIIOYAIOUN MHOKHHHI BIIKPUTI
o6omonku [10].

Artom Bamagmito (Z=23, [Ar]3d®4s?) € BIZHOCHO B@XKHMM €JIEMEHTOM, TOMY
PENSATUBICTCHKI €()EeKTH OYIKyBaHO MalOTh OyTH BITUYTHUMHM, POTE, SIK OyJIO MOKA3aHO B
[1] 1 [4], anekBaTHOro ONUCYy AaTOMHOI CTPYKTypM MOXHA JOCATTH 1 B
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HepensaTuBicTcbkoMy LS-nabmmxenni. Tomy B pamkax BCP-miaxony, st po3paxyHKy
3B’A3aHUX CTaHIB aTOMa BaHAJII0 CTPYKTypa OaraToKaHaJbHOTO PO3KJIaay MilleHi Oyna
BUOpaHa y BUTIISAL

®(3d°nl n'l',LS) = > {4(3d*,L'S)P(DIS + > {(3d>4s,L'S")P(n1)}

nl,L'S’ nl,L'S’ (1)
+agp(3d®4s®)*F
Tyt P(nl) mo3nayae XBuIb0Bi (GyHKIIIT 30BHIIIHLOIO BAJIEHTHOTO €IEKTPOHA, TOAI Ak ? i
? mnos3nauaroTh KOH(Irypanilini po3KIaay 3a3HAYEHNUX CTaHIB 10HA T4 aTOMA BiIIOBIIHO.
Hani poskimanu Oynu 3reHepoBaHl B okpemux bKX®d-pospaxyHkax st KOXKHOTO 3
CTaHiB.

Tax, posknanu cranis 3d* LS Ta 3d°4s LS iona BaHazilo BKIIOYAIOTH yCi OJMHAPHI
Ta MOABIMHI 30yKeHHS 3 opOitaneit 3d ta 4S mo kopemsauiiinux opOitaneit 41 Ta Sl
(I =0-4), sxi 3HOBY X Taku oTpuMaHi 3 okpemux BKX®d-po3paxyHkiB. 3araiom 0yio
OTPUMAHO XBWJIBOBI (PyHKIII 1t 15 HIDKHIX CTaHiB i0HA BaHamio 3 KoHQirypanismu 3d*
(tepmu 1S, 3P, 3°D, 3F, 13G, 3H, ) Ta 3d%4s (tepmu 3°P, 3°F, 13G). V3romxkenns enepriit
30yKEHHS 11l TaHUX PiBHIB 3 BiANOBIHUME 3HaueHHsIMU NIST [11] (cepenne 3BaxkeHe
3a pIBHSAMHU TOHKOI CTPYKTYpH) € 3aJ0BUIBHUM 1 ckiaaae B cepeanbomy 0.4 eB. byio
MOKAa3aHO, IO BpaxyBaHHS BaJCHTHUX KOPENSIIA IIJISIXOM BKJIIOYEHHS Y PO3KIan
HabopiB opOitaneit 61 ta 71 (I = 0-5) mo3Bosie MOKpAIIUTH 3HAYEHHS CHEPTid, MpPOTe
3HAYHO 30UIbIIYE KUIBKICTh KOH(QIrypamid y posknani. Takoxk, 3 MeTow 30epeKeHHs
MPUIHSATHOTO PO3MIPY KIHIIEBUX PO3KJIA/IIB /Il aTOMHUX CTaHIB, OyJIO 3HEXTYBAaHO ycimMa
10HHUMU BHECKaMH 3 KoedimienTamu po3kiany mexiie 0.01.

Oxkpemo Oyn0 po3paxoBaHO XBHJIbOBI (YHKINI I 8 HIKHIX CTaHIB aToma
BaHairo 3 KoHQirypauismu 3d34s? (tepmu 2P, 2D, *F, %G, 2H) Ta 3d*s (tepmu “°D).
Bigxunenns mo eneprii Bim pekomenaoBanux NIST [11] 3HadyeHb CTaHOBUTHL B
cepenuboMy 0.2 eB. OTpumani XBUJIbOBI (YHKIII MOXYTh OyTHM BUKOPHUCTaHI SIK AJIs
MOKpAIIeHHs aTOMHUX cTaHiB B moAanbiinx BCP-po3paxyHkax 3B’s3aHux ctaHiB (1), Tak
1 B OKpEMHUX PO3paxXyHKax PO3CISIHHS €JIEKTPOHIB HAa aTOMaxX BaHAJIII0 3 BUKOPUCTAHHSIM
metony bCP.

[1] T.M. Luke, J. Phys. B: At. Mol. Opt. Phys. 30, 4223 (1997).

[2] U. Heiter et al, Phys. Scr. 90, 054010 (2015).

[3] T. Muroga, Materials Transactions 46, 405 (2005).

[4] O. Scharf, G. Gaigalas, Central European Journal of Physics 4, 42 (2006).
[5] O. Zatsarinny, Comput. Phys. Commun. 174, 273 (2006).

[6] O. Zatsarinny and C. Froese Fischer, Comput. Phys. Commun. 180, 2041
(2009).

[7] V.F. Gedeon et al, Ukr. J. Phys., 67(3), 161 (2022).

[8] V.F. Gedeon et al, J. Phys. Stud, 26(1), 1301 (2022).

[9] O. Zatsarinny et al, Phys. Rev. A 74, 052708 (2006).

[10] V. Gedeon et al, Phys. Rev. A 89, 052713 (2014).

[11] Kramida, A., Ralchenko, Yu., Reader, J., and NIST ASD Team (2022).
NIST Atomic Spectra Database (ver. 5.10). Available:
https://physics.nist.gov/asd
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AITAPATHI MOXKJINBOCTI OBJIAJJHAHHS ®1PMHU
«Mirion (Canberra) Technologies, Inc.» IS PAAIAIIIMHOI'O MOHITOPUHI'Y
OB’€EKTIB HABKOJIMIIHBOI'O CEPEJIOBUIIIA

C.B. CamouepHux
Tosapucmeo 3 oomednceroro gionosioanvricmio «Kanbeppa [laxkapoy
03037, m Kuis, eyn. bpamis 3eposux 14-6, ks. 3
men/gakc (044) 249-63-17

e-mail: cpua@cpce.net

VY 3B'I3Ky 3 IIMPOKUM BUKOPUCTAHHSIM Y MPOMHCIOBOCTI Ta €HEPreTull YKpaiHu
pamialliiHUX  pEYOBHMH ICHye HeOe3neka 3a0pyJIHEHHS  OKPEMHUX  TEpUTOPIi
pamionykiaigamMu. Jhbkepenmamu pamiamii € SAepHI EHEepreTHYHI Ta JAOCIIIHMIIBKI
YCTaHOBKHU, BUIIPOOYBaHHA fA/IEpHOI 30poi, BIAXOAM YpPaHOBHX IIaXT Ta MIANPUEMCTB
AJIEPHOr0 MAJMBHOTO LHMKNY. [loTeHIIHMMU JpKepenaMu pajaialiitHoro 3a0pyaHEHHS
MOXYTh CTaTH aBapii Ha SIACPHUX YCTAaHOBKAX Ta CXOBHUIAX PaJl0aKTUBHUX BIAX0iB. B
YMOBaX 3HAYHOI KUIBKOCTI €KOJIOTIYHHMX MpOOJIEM PI3HOTO PiBHS CKJIAJIHOCTI Ta BKpai
OOMEKEHUX PECypCiB, JOCTYHNHUX I IX BHUPIIICHHS, TapaHTyBaHHS €KOJOTTYHOI
Oe3rneku sAepHUX 00'€KTIB 1 paialifHOTrO 3aXKMCTy HACEJIEHHS Ta JOBKIUISA, 3BEJACHHS J10
MIHIMYMY HIKIIJTMBOTO BIUIMBY HAcliJIKiB aBapii Ha YopHoOunbschkiit AEC BimHeceHo 10
HaIllOHAJIBHUX TMPIOPUTETIB OXOPOHH HABKOJMIIHBOTO MPUPOJHOTO CEpPEOBHUINA 1
paIiOHAIbHOTO BUKOPHUCTAHHS mpupoaHux pecypciB [1]. Tomy mnpoBeneHHs OIIHKH
paAlaiiHOro CTaHy OKPEMUX TEPUTOPIN € HAJ3BUYAWHO aKTyaJIbHUM.

Panmiamiiinuii  KOHTPOJIb  00'€KTIB  HABKOJMIIHLOTO CEPEIOBUINA € BUXIJIHUM
NpOQUIAKTUYHUM 1 3aXMCHMM 3aXOJO0M, Ha 0a3l pe3ysbTaTiB SKOoro (QopmMyerbcs 1
NpUMMAETbCA /10 BUKOHAHHSA BCS CHCTEMa HACTYMHHMX 3aXOAiB, L0 3a0e3MedyroTh
3HIDKCHHSI PIBHSI ONMPOMIHEHHS SIK yYaCHUKIB TIPOBENEHHsS poOIT, TaKk 1 HACEJICHHS.
EdexTuBHICTh pamialiiHOTO KOHTPOJIIO 3aJ€KHUTh BiJ IMIBUIKOCTI Ta JOCTOBIPHOCTI
oJiep>KyBaHoi iHpopMaIlii, a TAKOXK BiJ CTYTEHS IOBHOTH HOTO MPOBEICHHS.

AHaJli3 Cy4acHOIo CTaHy po3poOO0K MpHIaaiB pajialiitHoro KOHTPOJIO MTOKa3as, 1110 B
JaHUM dYac PHUHOK IUX TNPUIAJIB TMEpPEKUBAE TMEpIoA PO3BUTKY. SK TEXHIUHI
XapaKTEPUCTUKHU, TaK 1 KOHCTPYKTUBHI PIIIEHHS MPUIIAIIB JEXaTh B AY>KE HIUPOKOMY
miara3oHi.

JIyist mpoBeieHHs IKICHOTO PaaiamiifHOr0 MOHITOPUHTY 00’ €KTIB JOBKUJUIS B OCTaHHI
POKH IUPOKO BUKOPUCTOBYEThbCs oOnaaHaHHs (ipmu Mipion. Ile, B mepury uepry,
JETEKTOPH TraMMa-BUIPOMIHIOBAaHHS 3 HAQJAYMCTOTO TepMaHil0 1 OaraTokaHaJlbHI
aHaI3aToOpu IMIYJBCIB, alb(da-CeKTpoMeTpH, alb(a-Oera pamioMeTpu, BUMIpIOBayi
MOTY>KHOCT1 /1031 raMMa-BUIIPOMIHIOBaHHS JJI €KOJOTIYHOTO MOHITOPUHTY, MOHITOPH
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MOBITPSHOTO CEPENOBUIA, TMOPTATUBHI TaMMa-CIIEKTPOMETPU Ta JIO3UMETPUYHI 1
pazioMeTpuyHi puiaaau [2].

Sk mpuknag po3rsiIaeTbCcs raMMa-ClIeKTPOMETPUYHUN KOMILIEKC Ha 0a3i JeTeKTopa
3 Haguuctoro repmanirto BE3830P 6ararokanansHoro anamizaropy iMmyibsciB LYNX ta
nporpamuoro 3ade3neuenus Genie 2K 3 ommiero ISOCS.

Herexrop BE3830P mae aktuBHy mmomuHy 3800 kB.MM 3 ToBHIMHOKO 30 MM.
Po3ninbHi 3maTHOCTI:

<=0.45 xeB s eneprii 5.9 keB
<=0.72 xeB s eneprii 122 xeB
<=1.8 keB nys1 eneprii 1332 keB.
bararokananeHuii aHamizatop iMmyiabciB LYNX € nmdpoBuM curHaibHUM

npouecopom 3 32K mam’sari, BOyIOBaHUM JKEpPEIOM BUCOKOI Hampyru (3 Tpboma
mianazoHaMmu i pizHux TumiB getektopi), ALIIL, Ethernet ta USB inTepdeiicu ta
BOyZ10BaHU BeO-CcepBeEp.

[Iporpamue 3abesneuenHst Genie 2K kepye ycimMa mapameTrpamu €ICKTPOHIKH,
00po0OJIsie CIEKTPH Ta CTBOPIOE TPOTOKOJM pe3ynbTariB BuMiproBanb. Omiris ISOCS
J03BOJISIE BIAKATIOpyBaTH KOXHUM OKpPEMHI JeTeKTOp 3 e(QEeKTHBHOCTI peecTparii
raMMa-KBaHTIB 1 TPOBOJUTH BUMIPIOBaHHS a0COJIIOTHOI aKTUBHOCTI 3pa3KiB Pi3HOI
reoMeTpii 6€3 BUKOPUCTAHHS KamiOpyBalbHUX PAAI0AKTUBHUX JIKEPE.

TakuMm 4YuHOM, 1€ TamMMa-CIEKTPOMETPUYHUN KOMIUIEKC € YHIBepCaJbHUM
IHCTPYMEHTOM BHU3HAY€HHS KOHLEHTpALil pamZlOHYyKIIAIB y OyIb-IKuX 00 €KTax
HaBKOJIMIIHBOTO cepefoBuia. Kommuiekc Mae BapiaHT MOOUIBHOIO BHUKOHAHHS 31
CrieliaJIbHUM MOJYJIbHUM 3aXHCTOM, BI3KOM Ta JIa3€pHUM BUMIPIOBAYEM BiJICTaHI.

[1] IMocunanns Ha indopmariito po obaamxHaHHs Gipmu MipioH: Www.mirion.com
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IOHI3ALISA MOJIEKYJI TJTYTAMIHY TA I”TYTAMIHOBOI KUCJIOTHU
EJJEKTPOHHUM YJIAPOM

O.B. Bacunbeg?!, IILII. lemenr?, A.l. Bynrakosal
Ynemumym enexmpounnoi isuxu HAH Ypainu, Yaczopoo
2Institute for Nuclear Research (ATOMKI), Debrecen, Hungary
e-mail: vasyliev.oleksandr.1996@gmail.com

AMIHOKHCIIOTH - Ba)KJIMB1 OPraHivHi CIOJYKH, SIKI BXOAATh 10 CTPYKTYPHUX OJIOKIB
oinkiB, MicTsaTh amiHHy (-NH>) Ta xapookcuiabsay (-COOH) rpynu [1]. ['myramin (GIn) ta
ranyraminoBa kuciora (Glu-Acid) namexxaTh 10 Tpynd 3aMiHHMX aMIiHOKHCIIOT 1
BIJIIrPalOTh BAKJIUBY POJIb B OpraHi3Mi.

Mac-crekTpoMeTpuYHUM METOZIOM [2] mociipkeHo nmoBHI nepepizu ioHizarii (I1I11)
monekyn GIn i Glu-Acid y BimHOCHUX OauHMISX B iHTepBam eHepriid 5-60 eB. Ilo
MOPOrOBUX JAUISHKaX LUX MEpepi3iB BU3HAYEHO EHEprii MOsSBH 10HIB-(parMeHTIiB Ta
noteHifiany ioHizamii mosekyn GlIn # Glu-Acid. ¥ mnpunoporosiii ob6iacti eHepriu,
BUMIPSIHI TIEpepi3u BIAMOBIAAIOTH MPOIIECY MPSAMOI 10HI3aIlll MATEPUHCHKUX MOJIEKYI, Y
obmnacTti 15-60 eB € BHecOk Bij poILIeCiB AUCOLIATUBHOI 10HI3allli Ta 1HIIKUX (HATTPUKJIIA,
10H13a111i 31 30yI>)KeHHIM, TBOKpaTHOT 1oHi3a1ii). Otpumani [ gocuts pi3ko 3pocTaroTh
Bi11 nopory 10 ~20 eB. I maroTs ocobmuBocTi npu eneprisx (y eB): mis Gln — npu 14-
14,5; 19-19,5 ta mnsa Glu-Acid — npu 14,2-14,7; 20,2-21,2; 29,2-30,2, siKi BiAMOBIAAIOTH
MOSIBI MOJIEKYJISIPHUX 10HIB-()parMeHTIB.

[TpoBeeHO TeOpEeTHYHI PO3paxyHKH MOTeHMiaiB ioHizamii (M) monekyn GIn i
Glu-Acid. Ix, mma tpeox dopm (D, DL, L) monekyn, po3paxosaHo 3a mporpamoro [3] 3
BUKOpucTaHHM ab initio miaxomais — teopii pyukmioHany rycturu (TPI) 1 Xaptpi-Doka
(X®D) — y aBox HabmmxkeHHsX. CTaHM MOJIEKYJ Ta iX 10HIB BIANOBIAAIH PO3PaXOBAHUM
PIBHOBKHUM BIACTaHSAM MDK artomMamu. Y 1-my, agiabaTM4HOMY HaOJIMKEHHI,

I((M)=E,[M"]-E,[M], ne E,[M*], E,[M] noBHi eHeprii OCHOBHHMX CTaHiB MaTEPHHCHKOI'O

ioHa Ta HelTpanbHOi Monekynn. Y 2-my Habmmwkenni |(M)=-E,"°MO(M), ne E,HOMO(M)
€Hepris 3B's3Ky enekTpoHa Ha Bumuii 3aiHsaTiii (HOMO) monekymnspHoi op6itani (MO).
Enepris 3B's3ky Ha LUMO-op6iTani gae omiHKy €Heprii CIOpiIHEHOCTI MOJICKYJIH /0
€JIEKTPOHA.

CymapHi, 3a BpaxoBanumu MO, niepepizu oJHOKpaTHOi ioHi3auii D-hopm Moneky,
omiHeHo 3a Binary-Encounter-Bethe (BEB) w™ogemmo [4] 1 3a HaOMMKEHHSIM
['pusincekoro [5], 3 BukopuctanHsM xapakrepuctuk MO-TOI' ta XD. HopmyBanas
excnepumenTtaibaux [1I11 y moposi — 8,5 eB (GIn) i 9,0 eB (Glu-Acid) — na BEB-T®I"
PO3paxyHOK J03BOJIUIIO OTPUMATH aOCOIOTHI 3HAUYEHHH.
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. . Kromo —N+1 . .
OLiHEHO BIJHOCHUH BHECOK P(E)= [ow,,,. (E)/ ch (E)]-100%, B1O Hepep1dy
k=Knomo

onHokpatHoi ionizaiii HOMO op6itam monekyn y cymapuuit nepepis. TyT Koo =39 1
K, N — HOMep Ta KimbKicTh MO, BpaXoBaHHX y CyMapHOMY Iepepisi 1oHi3alii npu gaHii
e”eprii. Ouinky 3po6aeHo y BEB moneni 3 MO-TOI" (aus. puc. 1). Buecok Bigx HOMO €
BU3HAYAIBHUM TIPY TTOYATKOBHUX €HEPTIsIX.
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Puc. 1. Ilepepisu ionizamii D-¢popm momekyn GIn i Glu-Acid. o - ekcnepumeHT.
PospaxoBani merogom BEB-T®I: 1 — cymapni ta 2 — HOMO; 3 - BiTHOCHI BHECKH Y
CyMapHuUii iepepi3 ogHokpatHoi 1oHi3aii Bigx HOMO monekynsipHux opOiTasiei.

[1] Léon Sanche/Radiation Physics and Chemistry V. 128. P. 36-43 (2016).

[2] A.M. Zavilopulo, A.l. Bulhakova, S.S. Demes, E.Yu. Remeta, A.V. Vasiliev. Eur.
Phys. J. D. Vol.75. P.287 (2021).

[3] M.J. Frisch et al. Gaussian 09, Revision E.O1 (Gaussian Inc., 2009).

[4] K. Yong-Kim, M.E. Rudd. Phys. Rev. A 50, 3954 (1994).

[5] M. Gryzinski. Phys. Rev. VVol.138, A336 (1965)

89



IED-2023 IEP-2023
Vxropon, 15-18 tpasus 2023 Uzhhorod, May 15-18, 2023

DISCOVERY OF POLARIZATION DEGREE OF FREEDOM
FOR LOCALIZED LIGHT

O. Yermakov?, S. Polevoy?

V. N. Karazin Kharkiv National University, Kharkiv, Ukraine
20. Ya. Usikov Institute for Radiophysics and Electronics NAS of Ukraine, Kharkiv,
Ukraine

e-mail: oe.yermakov@gmail.com

The spectrum of electromagnetic plane waves in any isotropic homogeneous
medium is twice degenerate with respect to polarization at any frequency and in any
direction, because the dispersions of TE- and TM-polarized eigenmodes are absolutely
the same. The operational principle of any bulk classical polarizer is based on the
removal of the polarization degeneracy by using an anisotropic slab.

Miniaturization and planar technologies lead to the high localization of the
electromagnetic signal in the plane of propagation. However, at the same time, the
degeneracy is removed. The simplest example is the dielectric slab waveguide
demonstrating the propagation of highly localized guided modes with different
dispersions of TE and TM modes. So, there is no polarization degree of freedom for
planar photonic devices with in-plane electromagnetic wave propagation, since the TE
and TM localized modes are not degenerate. It significantly limits the functionality of flat
optical and planar photonic devices. In particular, the polarizer of guided waves cannot
be implemented without the broadband TE-TM polarization degeneracy.

In this work, we show the possible resolution of this fundamental problem via the
nanostructuring of the dielectric slab. We aim at merging the polarization degeneracy and
high localization for guided waves propagating within an all-dielectric metasurface.
Namely, we theoretically study the periodic subwavelength array of cylinders with high
refractive index and demonstrate the broadband TE-TM polarization degeneracy of its
guided modes [1]. This concept can be transferred to the optical and infrared ranges using
other material platforms and opens new opportunities for the polarization control of
guided waves such as metasurface-based waveguide polarizer [2].

Another possible implementation includes the self-complementary metasurfaces
obeying Babinet’s duality principle [3]. In this case, we excite independently the TE- and
TM-polarized surface waves at self-complementary metasurfaces. Then, by adjusting the
complex amplitudes of TE and TM eigenmodes, we demonstrate the excitation of surface
waves of linear, circular and arbitrary elliptical polarization [4].

These results could potentially become a platform for new generation of planar
photonic polarization devices.
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[1] O. Yermakov and S. Polevoy, 2022 IEEE 12th International Conference
Nanomaterials: Applications & Properties (NAP), 1-4 (2022).
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ANTI-/ PROOXIDANT AND ROS-SENSING PROPERTIES OF RE*-DOPED
COLLOIDAL CERIA NANOCRYSTALS DETECTED
BY SPECTROSCOPIC TECHNIQUES

V. Seminko, P. Maksimchuk, V. Klochkov, S. Yefimova

Institute for Scintillation Materials, National Academy of Sciences of Ukraine, Kharkiv,
Ukraine.
e-mail: seminko@ukr.net

Nanoceria (CeOzy) is well-known for its enzyme-like antioxidant activity
determined by Ce*«>Ce*" redox cycles on the surface of nanoparticle during interaction
with reactive oxygen species (ROS). We show the crucial role of the surface defect
structure in the mechanisms of interaction of RE®** (RE =Y, Eu, Tb) - doped nanoceria
with hydrogen peroxide (HP) and hydroxyl radicals ("OH). Both catalase-like (for
CeO,:Tb®") and Fenton-like (for CeO.:Y?*" and CeOz:Eu®") HP decomposition was
observed for RE3*-doped ceria nanoparticles leading to antioxidant or prooxidant activity,
respectively.

Besides redox activity, obtained nanoparticles can be used for sensing ROS
(first of all, HP) in water solutions and living cells. Reversible quenching of Eu®* (590
nm), Th3 (545 nm) and Ce3* (430 nm) luminescence at HP addition provide Eu®*-doped
(CeOyx:EU?"), Th*-doped (CeO,4:Th*"), and undoped (CeO,.) colloidal nanoparticles
by ability to detect HP concentrations in water solutions. The dynamics of Eu/ Th%"/
Ce3* luminescence quenching and recovery during HP-nanoceria interaction provides an
insight into the microscopic mechanisms of HP sensing by CeO,.x, CeO,x:Eu*" and CeO,.
«. Tb*" nanoparticles. These luminescent sensors are reversible and their recovery rates
can be sufficiently increased by temperature and continuous UV irradiation. Generally,
the ceria-based NPs as a new type of redox-active nanoparticles with ability both to
scavenge/produce reactive oxygen species and to visualize the change in ROS
concentration during this process are promising for a number of applications, while
controlling the processes of recovery of undoped and doped nanoceria HP luminescence
sensors provides an additional advance over traditional sensors based on organic
molecules or enzymes.
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SMIINEHHSA KYTA BPIOCTEPA 3A TOIIOMOI'OIO
JABOBUMIPHUX MATEPIAJIIB TA CTPYKTYP

O. Manbkosebkal, O. €. €pmakos?

L Binuyoruii niyeii Ne 1, cmm Binuxu, Ilonmascvka obnacmeo, Ykpaina
2 Xapxiecokuii nayionanvhuil ynisepcumem imeni B.H. Kapaszina, Xapkie, Ykpaina
e-mail: oksana.mmankovska@gmail.com

[Tix xkyrom bproctepa Hemae BinOuTTss TM-TI0JIsIpU30BaHOI IJTIOCKOT XBHUTI BIJT MEXK1
PO3MOIUTY ABOX CEPEIOBHII, TOOTO XBUJIISl MOBHICTIO POXOAMUTH 3 OJJHOTO CEPEAOBUIIA B
iHme. lle sABuIIEe MMPOKO BUKOPUCTOBYETHCA B MOJISpHU3ALIMHUX  (PUIbTpax,
pedpakTomeTpii, Ja3epHIM TEXHIIl, ONTHYHIA Mikpockormii. OmHak aeski crenudidHi
3aCTOCYBaHHA (HANPUKIIAJ, aHTUOIIKOBI MOKPUTTS COHSIYHUX E€JIEMEHTIB) MOTPEOYIOThH
OPUAYIICHHST BIJOUTTS TpPU KyTax, OJU3BKUX JO0 HOPMalbHOrO abo, HaBMakd, [0
KOB3al0uoro, 1o norpedye 3MilleHHs KyTa bprocrepa, HETOCSKHOTO 3 BUKOPUCTAHHIM
HasBHUX ONTHUYHUX MaTepiamiB. B 1iii poOOTI 3anpOrOHOBAHO KOHUEMIII0, aHAIITUYHO
Ta YUCEJBHO MPOJEMOHCTPOBAHO 3MILIEHHS KyTa bprocTepa 3a 10moMororw ABOBUMIPHUX
(2D) matepianiB Ta CTPYKTYP.

Buseneno piBHsinHs dpeHens s BUMAIKY JTBOBUMIPHOTO YIBTPATOHKOTO IIapy
Ha MEXI JBOX CEPEIOBHINl 3 PI3HUMHU MOKA3HUKAMU 3aJOMJICHHS. J[BOBUMIpHHI 1ap
MOXe OYyTH MNpEeACTaBICHUN HAHOCTPYKTypamH, MeETanoBepXHsmHu, 2D marepiaiamu
(rpadeH, TekcaroHadbHUW HITPUI OOpPY, MOHOIIAPU JAUXATBKOTEHIAIB TEPEeXITHUX
METaJIiB, TOIIO) 1 OMHCYETHhCS TMOBEpXHEBOI mpoBimHicTio [1]. HasBHicTh Takoro 2D
mapy MOXe BHUKJIMKATH 3MilleHHS KyTa bproctepa, sik 1me Oyno paHille MOoKa3aHO Ha
rpadeni [2].

VY po60Ti aHATITUYHO BUBEJEHO Ta JOCIIIKEHO BILIUB MOBEPXHEBOI MPOBIAHOCTI
2D mapy Ha 3MiuleHHs KyTa bpioctepa B KyToBoMy cnekTpl Binoutra. Tak, Ha Puc. 1
MOKa3aHo 3MillleHHsT KyTa bproctrepa Ha 4.6° npu BukopucTaHHi 2D mapy 3
nmoBepxHeBo TmpoBigHicTIO 0.5 MCM Ha Mexl po3NoAUTy TOBITpS ¢ CKia.
[IpoanainizoBaHi BUNIAJAKKA 3 BUKOPUCTAHHAM TpadeHy Ta IUIA3MOHHHX METANOBEPXOHb.
Pesynbratn aHamitHuHUX GOpPMYJ MIATBEPKEHI 3a JIOMOMOTOK  BIAMOBITHOTO

YU CCIBbHOT'O MOACIIIOBAHHA MCTOJ0OM CKIHUEHHHMX €JIEMEHTIB.
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OTpuMaHi pe3yJbTaTH MOXYTh 3HANTH 3aCTOCYBaHHS B JUHAMIYHO KEPOBAHUX
NoJIApU3alifHUX (QIIBTpaX Ta 3HAYHO PO3MIMPUTH (PyHAAMEHTaIbHI 3HAHHS 3 (PI3UKU

B3a€MO/II1 CBITJIA 1 PEYOBUHH.
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Puc. 1. (a) 3anexuicte BIAOUTTS TM-NOJIpU30BaHOI JIOCKOT XBUJIl B/l KyTa MalHHS
Ha MEXI1 JIBOX CEPEIOBUII 3 TIOKa3HUKaMHM 3ajiomyieHHs 1 Ta 1.45 6e3 (cuHs miHIA) Ta 3
(uepBOHA JiHIS) ABOBMMIpHMM IapoM 3 mposimHicTio 0.5 MCM. BcraBka momiucHa
3€JICHUM TIPSMOKYTHHKOM IIOKa3ye BIIOWUTTS B Jiama3oHl KyTiB maaiHHsA Big 40° 1o
70°. (b) 3anexHICTh BIAOUTTSA Yy JIorapuPMidHii 1IKaJi B Jl1aa30H1 KyTiB MaiHHS BiJ
40° no 70°. IlynkTupHi JiHIi MOKa3yOTh BIAMOBIIHI KyTH bproctepa.

[1] A. Andryieuski, and A. Lavrinenko, Opt. Express, 21(7), 9144 (2013).

[2] Z. Chen, X. Chen, L. Tao, K. Chen, M. Long, X. Liu, K. Yan, R. I.
Stantchev, E. Pickwell-MacPherson, and J.-B. Xu, Nat. Commun., 9, 4909
(2018).
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XAPAKTEPUCTUKHU IT'A30PO3PSATHOI YJIbTPA®IOJETOBOI JIAMIIA
HA INAPOTI'A30BIA CYMIIII «Ne — Ag,S»

M.I. Barpana, P.B. I'puniak, K.A. Cementok, O.K. lllyai6oB

JIBH3 « Yaceopoocvkuil HayionanvHuil yHigepcumempy,
Hapoouna nn.3, m. Yaccopoo
e-mail: mariana.vatrala@uzhnu.edu.ua

Cepen ¢13MUHUX METOMIB CHUHTE3Y METAJEBUX HAHOCTPYKTYP BaXKIUBE MICIIE
HAJICXKUTh CHoco0y iX OcCa/pKeHHS 3 IUIa3MH  IEePEHAINpY>KEHOI0 HAaHOCEKYHIHOIO
pO3psily TpPH ACUCTYBaHHI YJIbTPadioJIeTOBUM BHUIPOMIHIOBAHHSAM IUIA3MH IOTO K
po3psay [1]. Takum crnocoboM Oylid CHHTE30BaHI MOBEPXHEBI CTPYKTYPH OKCHUJIB
nepexiHux MetaiiB [2]. g peanizaiiii Takoi METOJAUKH BaXKIMBO, 1100 Mj1a3mMa po3psLy
Oyna mxepernoM Y®D- BUIIPOMIHIOBAHHS HA IMEPEX0/iax aTOMIB 1 10HIB MeTaly, 3 SKOTO
BUT'OTOBJIEHI €J1EKTPOU. /151 mepeHanpyKeHoro po3psay MK €JIeKTPOJIaMu 3 CyJabdiay
cpibiia, KUl MEePCIEKTUBHUMN JJI1 CUHTE3Y TOHKHX IUIIBOK CYyNEpIOHHOIO MPOBIAHUKA —
cynbdimy cpidna (Ag2S), Taki gaHi BIACYTHI.

B nomnoBiai npuBOASTECS pe3yabTaTH JOCIIHKEHHS XapaKTEPUCTUK ra30PO3PSIHOT
Y®-namnu Ha napax cynbdigy cpibiia 3 HaKauyBaHHSIM HAHOCEKYHJHUM PO3PSIOM MiXk
eJeKTpoAaMu 3 CyJb(igoM cpibia B HEOHI, IKa MOXEe OyTH OCHOBOIO IJIA3MOXIMIYHOTO
peakTopa 3 CUHTE3y TOHKHUX IUTIBOK Cyib(iay cpidna.

HiameTp MWIHAPUYHUX €JIEKTPO/IiB, BUTOTOBJIEHUX 3 CYJb(iay cpiOia, CKagaB
5 MM, a pajilyc 3a0KpyIJIeHHsI poO0Y0i TOPIIEBOI YACTUHU €JIEKTPOIIB OYB PIBHUM 3 MM.
Bigmane mixk enektpomamu — 2 MM, dacTtota immynbciB Hanpyru - 40-1000 I'm, Ttwck
Heony — 101.3 kIla. Tlapu cpibma BHOCHUIUCH y TUIa3My B pe3yJbTaTl MIKpPOBHOYXiB
MPUPOJHUX HEOTHOPITHOCTEH MOBEPXHI MOJIKPUCTATIUYHUX €JIIEKTPOJIB Y CHJIHBHOMY
CJICKTPUYHOMY I0JI1 HAHOCEKYHIHOTO PO3pPsiAy. BIfbIn JeTanbHO TEXHIKA €KCIIEPUMEHTY
HaBejicHa B [2].

MakcumanbHa  IMITyJIbCHAa  TOTYXHICTH  po3psay nocsrana 900 kB, a
€HepreTHYHUIN BHECOK Y TIa3My 3a OJIMH IMITyJIbC OyB piBHUM 43.9 MIx.

Y ®-BUnpomiHIOBaHHS HAHOCEKYHAHOTO pO3psAy Ha OCHOBI HEOHY 1 MapiB cpidia
OyJ0 mTpencTaBIeHO I1HTEHCUBHUMH CHEKTPAJbHUMHU JIHIAMH aTOMIB (HAWOUIBII
iHTeHcuBHOIO Oyna miHis 328.0 am Agl) Ta oaHo3apsimHMX 10HIB cpibia (HAWOLIBII
iHTeHcuBHOO Oya miHisg 233.13 am Agll ). YV yepBoHiit 001aCTi CIIEKTPY CIIOCTEPIraaocs
BUIPOMIHIOBaHHS Ha MIEPEX0/1axX aTOMa HEOHY.

JlocnikeHHsT BIUIMBY Ha 1HTEHCHUBHICTh CIEKTPAJIbHUX JIIHIM cpibia yacToTu
CHIAyBaHHS IMITYJILCIB IMOKA3aJI0, 110 IHTEHCUBHICTh CIIEKTPAJIbHUX JIIHIM aTOMIB 1 10HIB
cpibsa 3pocrana 31 30UIBIIEHHSAM YacTOTH ciigyBaHHs immyibceiB 3 40 go 1000 I'u He
MPSMOTIPOTIOPIIIITHO 3MiHI YaCTOTH, [0 BKA3yBaJl0 HAa 3HAYHUN BIUTMB IPOIIECIB TaCiHHS
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BEPXHIX C€HEPreTUYHUX pIBHIB aToMiB Ta 10HIB cpibna OydepHUMH razamu Yy
MDKIMITYJIbCHUH TTPOMIKOK Yacy.
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Puc.1. Cnektp BUIPOMIHIOBAHHS PO3PSAy B CyMIlll HEOHY 3 Tapamu Cyibdiay
cpibna mpu p(Ne) = 101,3 xIla.

Haii0inp1m1 iIMOBIpHUMH TpOIIECAaMU YTBOPEHHS 30y/KEHHX aTOMIB 1 10HIB cpibia y
11a3Mi HAHOCEKYHJIHOTO PO3pSAYy MK €JNEeKTpoJaMu 31 cpibia B HEOHI MOXYTb OyTH
peakiii 30y/PKeHHS €JEeKTpOHAMHM Ta TMPOIECH J1eeKTpOHHOI pekomOiHamii. Takwuii
po3psl Moke OyTHM 3acTOCOBaHMM SK JjlamMma Jjsi aBTOMAaTUYHOIO OMPOMIHEHHS
MIIKJIAIKA 1 3apOJIKIB IUIIBKU Cynbdiay cpibna Ha Hili YO BUMPOMIHIOBAHHSM aTOMIB 1
10HIB cpibJia, 10 TEPCIEKTUBHO MJis BIUIUBY HAa CJNEKTPUYHI XapAKTEPUCTHKU TaKUX
TUTIBOK.

[1] O.K. Shuaibov, A.O. Malinina, Progress in Physics of Metals, 22, 382
(2021).

[2] A.K. Shuaibov, A.Y Minya, Z.T. Gomoki, A.A. Malinina, A.N. Malinin,
Surface Engineering and Applied Electrochemistry, 56, 510 (2020) .
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TOCTUIKEHHS PATIALNIAHOI CTIMKOCTI AJICOPBEHTIB 3
BUKOPUCTAHHSIM JKEPEJIA CIPTYC

O. Cuy, B. JIazyp, I'. Bacunbena, O. OkyHeB, K. Ctpariifuyk, A. 3anopoxenb

Yorceopoocwvkuii nayionanvHuti yHisepcumem, Yaiceopoo
e-mail: Hanna.vasylyeva@uzhnu.edu.ua

OuuieHHsT BOAHMX PO3YHMHIB BiJl pPaJiOaKTHBHUX 3a0pyIHEHb € HaA3BUYANHO
aKTyaJIbHOI0 HAyKOBOIO TEMOIO ChOTOJICHHs. ICHye BelnuKa KIJIbKICTh OpPraHIYHUX Ta
HEOPTraHIYHUX aJCOPOCHTIB, AKI MOXYTh OyTH PEKOMEHJIOBaH1 I ajacopOIii HOHIB
BOKKMX METANIB Ta PAJIOHYKIIJIB 13 BOAHUX PO3YUHIB, a00 sIK HOCIi JJig 30epiranHs i
3aXOPOHEHHS Pa/IlOaKTUBHUX Bix0aiB. Cepen HUX HOHOOOMIHHI cMouH [1], ancopOeHTn
Ha OCHOBI [IOKCHAY THUTaHy a00 cwiikary TUTaHy [2], II€0JITH, MarHiTOKepoOBaHi
aacopOenT, Ttomo.OQHaK, JMIIE HEBEJIMKAa YacTKa HAyKOBUX pOOIT MpHUCBSIYECHA
JOCIIKEHHIO padlaliiHOl CTIMKOCTI aacopOeHTIB. Xo4ya paJloHyKIIAN y TOM ke Yac €
JDKepellaMy  10HI3YI0YOTr0 BUIIPOMIHIOBAHHS 1 TakKa XapakTEpHUCTHKa SK pajialfiiiHa
CTIHKICTh aJICOPOCHTY € BaXJIMBOIO. SIKIIO aJicOPOCHT HE € CTIMKUM JI0 JIii 10HI3yI04Oro
BUIPOMIHIOBaHHS, TO HaBIThb NPU BHUCOKINA ajcopOIiiiHIi CIPOMOXKHOCTI, BiH Oyze
pYWHYBAaTHUCS ]l JI€I0 BUIPOMIHIOBAHHS PAIIOHYKIIAY 1 PaJiOHYKIIIJIT 3HOBY MOXE
NOTPANUTH y HABKOJIMIIHE CEpeJOBHINE. ToMy MeTa JaHOi POOOTH — IOCIHIIKCHHS
paaialiiHoi CTIMKOCTI aCOPOEHTIB A0 Ali IHTEHCUBHOTO O€Ta-BUITPOMIHIOBAHHS.

JlocnmipkeHHsT paaiaiitHol CTIMKOCTI OPraHi4HOIO 1 HEOPraHIYHOTO aJCOPOEHTIB
BIJIHOCHO BHMCOKOCHEPIeTHYHOTO /[ -BUIPOMIHIOBAHHS TPOBOJUIN 3 BHKOPUCTAHHSIM
%0S5r-0Y mxepena f -gactok Sirius, Bcranosinenoro y MikpoTponsiii naboparopii JBH3
«YxHY». Opraniunuii agcopoent (Dowex HCR s/S) Tta HeopraHiuHuii aacopOCHT Ha
ocHOBI cuitikaty tutany (TiSI) 3BaKyBaju, MOMIIIAIM Y MOJICTHICHOBUH KOHTCHHED i
pO3MIlyBaJIM TOOJIM3Y JIKepesia 1HTEHCHMBHOTO [ -BUIPOMIHIOBaHHS. Bijnctanb Bij
JoKepea 10 3pas3kiB ancopOeHTiB ckiaaana 28 cM. I1oTik eleKkTpoHiB Ha Takiil BiJCTaHI
cranoBuB 10® en/cm?-c. TpuBamicTs onmpoMiHeHHs cKiagana 24, 48 ToIMH y TPhOX Cepisx
nochikeHb. Jlo3y ONpOMIHEHHS KOHTPOJIIOBAIW KIIHIYHUM J03uUMETpoM. Kpim
BHCOKOCHEPIeTUYHHMX CIIEKTPOHIB PKEPEIO BHUIIPOMIHIOBAIO MOTIK aHTHHEHTpHHO [3].
BucokoeHepreTuuHi £ -4acTku, y CBOIO Yepry, TeHepyBalld raJibMiBHE BUIIPOMIHIOBAHHS.
Posnoxin ycix Buais BunpominioBanus Sr-Y mxepena 3a enepricro HaBeneHo y 6asi
nanux [4].

[Ticnss omnpomiHeHHsT aACOPOEHTH BUTPUMYBAIM JESIKAA Yac y TEMHOMY
MIPUMIIIIEHHI, a MOTIM MPOBOIAUIN JTOCTIHKEHHS aacopOilii HOHIB CTPOHIIiO (CTa0lIbHUX
130TOMIB CTPOHILit0) i3 BogHOTO po3urHy SrCl, y HeliTpanpHOMY cepenoBuiii. [loyaTtkoBy
1 pIBHOBaXHY  KOHIIEHTpAIlil0  HOHIB  CTPOHI[II0  BH3HAYQJIM  METOJOM

KOMILIEKCOHOMETPHUYHOTO TUTpYBaHHs [1, 2].
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Pesynbratu JocChiKeHb MOKa3add HE3MIHHICTh aJCOpPOIIHUX BIACTHBOCTEH
JOCTIDKEHUX aJCOPOSHTIB IICIIS OMpOMiHEHHs mpoTaroM 48 roauH. [lpu mogaasiomy
OTNPOMIHEHHI OpTraHIYHUM afCOPOCHT JCIIO BTPATHUB CBOKO aJICOPOIIHHY 34aTHICTh 11010
KaTiOHIB CTPOHIIIIO. 3arajioM HEOPTraHIYHWUN aJCOPOEHT Ha OCHOBI CHJIIKATy THUTaHy
BUSIBUBCS OUIBII CTIMKHUM JI0 Jii BUCOKOCHEPTETUYHOTO [/ -BUIIPOMIHIOBAHHS B ONTMCAHMX
HaMU YMOBaXx.

[1] H.Vasylyeva, I.Mironyuk, M.Strilchuk, et al. Physics and Chemistry of Solid
State, 3, 460 (2021).

[2] H.Vasylyeva, I.Mironyuk, M.Strilchuk, et al.Chemical Physics Impact, 3,
100056 (2021).

[3] N.A. Marks, D.J.Carter, M. Sassi, et al.J. PhysCondensMatter. 25 (6),
065504 (2013).
[4] https://www-nds.iaea.org/relnsd/vcharthtml/\VVChartHTML.html
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DESIGNING HYPERBOLIC METASURFACE

A. Hrinchenko, O. Yermakov

V. N. Karazin National University, Kharkiv
e-mail: artitus1509@gmail.com

Hyperbolic metasurfaces are known for their unique properties such as negative
refraction, hyperlensing, enhanced spontaneous emission, etc [1]. With their help, it is
possible to improve various areas of science and technology, for example, optical
systems for processing and transferring data, quantum communications, biosensing. The
experience of using hyperbolic metasurfaces has been proven in many works [1].
However, there is no algorithm for engineering and designing hyperbolic metasurfaces
with given properties to date. Hyperbolic regime of a metasurface is defined via the
indefinite two-dimensional tensor of surface conductivity, i.e. its components have
different signs. In this state, the isofrequency contours in the wavevector space are
hyperbolas. The surface waves localized at hyperbolic metasurfaces are called hyperbolic
plasmon-polaritons [2,3] and exhibit a lot of potential applications [4].

In this work, we analyze a design of a metasurface based on gold nanodisks with
elliptical cross-section packed in a square lattice (Fig. 1), which is described via the
effective surface conductivity tensor. Namely, we study the dependence of the surface
conductivity tensor spectrum on the geometric parameters. In particular, we derive the
behavior of the spectral width of hyperbolic regime on the lattice period, the radius and
the stretching factor of nanodisk.

This work may be considered as a practical instruction for the designing of
hyperbolic metasurfaces with specific desired properties.

OO O O O : .
OO 5
OO 00| I.N
OO0 | : §
ololoiele RN L.

Fig.1. (a) Plasmonic metasurface representing the square array of gold nanodisks
with elliptical cross-section. (b) Unit-cell area characterized by a period a. The long and
short semi-axes of each nanodisk are marked by R, and R, respectively.

[1] O. Takayama, A. V. Lavrinenko, J. Opt. Soc. Am. B: Opt. Phys., 36(8), 38
(2019).
[2] J. S. Gomez-Diaz, M. Tymchenko, A. Alu, Phys. Rev. Let., 114(23), 233901
(2015).
[3] O. Yermakov et al., Phys. Rev. B, 91(23), 235423 (2015).
[4] J. S. Gomez-Diaz, A. Alu, ACS Photonics, 3(12), 2211 (2016).
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PECULIARITIES OF PHASE DIAGRAMS OF HYDROCARBONS
WITH HETEROATOM

A.V. Karachevtseva, V.A. Konstantinov, V.V. Sagan

B. Verkin Institute for Low Temperature Physics and Engineering of NAS of Ukraine,
Kharkiv, Ukraine
e-mail: zvonaryova@ilt.kharkov.ua

This abstract is devoted to the graphical representation of the equilibrium states of a
substance as a function of temperature, pressure and volume. Each substance has several
phase states. These phase states differ in a lifetime. Phase states with an unlimited
lifetime are called stable. Phase states with a limited lifetime are called metastable.

At normal atmospheric pressure, the transitions between solid-solid, solid-liquid and
gas-liquid phases can be considered as points on the temperature scale. These points may
be considered as characteristic of each substance. If the pressure varies, it leads to
changes in the phase transition temperature. The “triple point” is the point at which the
liquid, solid, and vapor phases can exist together. V-T diagrams make it possible to
observe visually the positions of phase boundaries in isochoric studies of thermal
properties, such as thermal conductivity, heat capacity, dielectric properties, etc.

The object of our research was the metastable phases of heterocyclic hydrocarbons.
We analyzed the experimental data for furan (C;H4O) [1], thiophene (C4H.S) [2] and
tetrahydrofuran (C4HsO) [3].

All studies of thermal conductivity were carried out on the setup, using the method
of stationary heat flow in a cell of coaxial geometry. The setup, samples growing
procedure and experimentation are described in detail in [4].

The changes in molar volume during melting and the boundaries of the existence of
high temperature phases have been determined. The magnitudes of thermal pressure of
cyclic hydrocarbons studied were obtained. Experimental values of dP./dT on the
melting line were compared with those calculated by the Clapeyron-Clausius formula.

[1] V. A. Konstantinov, V. P. Revyakin, V. V. Sagan, and A. V. Zvonaryova,
Low Temp. Phys. 39, 473 (2013).

[2] V. A. Konstantinov, V. V. Sagan, V. P. Revyakin, and A. V. Karachevtseva,
Low Temp. Phys. 41, 213 (2015).

[3] V. A. Konstantinov, V. V. Sagan, V. P. Revyakin, and A. V. Karachevtseva,
Low Temp. Phys. 40, 1008 (2014).

[4] V. A. Konstantinov, S. A. Smirnov, and V. P. Revyakin, Instr. Eksp. Tech.
42,133 (1999).
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PULSATING BROWNIAN MOTOR WITH DOUBLE-SINE POTENTIAL:
SPECIFICS OF PARAMETERIZATION

A.D. Terets'?, T.Ye. Korochkova?

'Faculty of Physics, Taras Shevchenko National University of Kyiv,
Kyiv, Ukraine
2Chuiko Institute of Surface Chemistry, NAS of Ukraine, 17 General Naumov Str., Kyiv
Ukraine
e-mail: tais.crust@gmail.com

A pulsating  Brownian _ _
motor is one of the classes of _ u(x)Cy(@/uy
Brownian motors [1, 2] in which
the directed motion of
nanoparticles occurs in the field of
action of a stationary periodic

. i N | Xmin m’l
asymmetric  potential,  which . P ok Ao
experiences some perturbations. ) : ' T
As a stationary potential, a 03 Ree f
sawtooth profile or a double-sine N

profile is most often used [1]. The -'3:5 _ _
first one is a combination of linear Fi9.1. The normalized stationary component of the

sections and is characterized by potential that determines the shape of the potential
two independent parameters: Profile

amplitude and asymmetry

coefficient. The double-sine potential serves as some analogue of the sawtooth one for
the case of a smooth potential energy dependence and is generally given by

u(x) =u, [sin(2zx/ L)+ asin(4zx/L)]. The presence of a variable coefficient « makes it

possible to indirectly change the asymmetry of the stationary potential, however, it also
contributes to the potential amplitude. In order to separate the asymmetry and amplitude
parameters by analogy with the sawtooth potential, we propose to introduce an additional
normalization coefficient C () into the expression for the potential profile

U(x) =u,C, (a@)[sin(2zx/ L)+ asin(4zx/ L)]. Then the part u(x)C,(e)/u,, responsible for the

form factor of the potential, is characterized by a unit amplitude (see Fig. 1).
In the framework of the approximation of small fluctuations [3], a stochastic
Brownian motor with a stationary normalized double-sine potential U(x) and a small

perturbing harmonic signal w(x)=wcos[2z(x/L—-4,)] was studied. In particular, the

dependence of the motor operation on the parameter « was researched. Fig. 2a shows a
family of dependence curves of the ratio of the reduced flux J/J,, on the coefficient «

for different values of the temperature parameter Au,. It turns out that for different
temperatures the maximum value of the flux J,__ is achieved at different values of «: at

max
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high temperatures of the order « 0.5 (for AU, =0.1) and up to ¢ ~1.4 for pu, =15,
Positions of maxima «,, depending on the temperature parameter Au, are shown on
Fig. 2b.

Thus, a shift of the maximum fluxes J,, to a larger « with an increase in the
parameter Bu, can be explained by an increase in the sensitivity of the Brownian motor

to the shape of the potential profile with a decrease in temperature (or, equivalently, an
increase in amplitude)

0.4 +———t——t———t—— gy,

Fig.2. @) The reduced flux J/J,, depending on the parameter «, the values
of the temperature parameter pSu, are indicated on the curves. b) Positions of
maxima «,,, depending on the temperature parameter Au,.

[1] P. Reimann, Phys. Rep. 361, 57 (2002).

[2] D. Cubero, F. Renzoni. Brownian Ratchets: From Statistical Physics to Bio and
Nano-motors (Cambridge, Cambridge University Press, 2016).

[3] U. A. Vysotskaya, I. V. Shapochkina, T. Ye. Korochkova, V. M. Rozenbaum, Him.
Fiz. Tehnol. Poverhni, 8 (3), 299 (2017).
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JOCJIIKEHHS COHEKTPIB EJIEKTPOH-®OTOHHOI EMICII IOBEPXOHb
MOHOKPUCTAJY XJIOPUAY HATPIIO MOAUPIKOBAHUX
HAIIMJIEHHAM HAHOIJIIBOK OKCHUAIB MIAI I HUHKY

W.I. Bpangic, A.A. CiuBka, A.A. Munka, O.M. KoHOILTEOB

Kageopa xeanmosoi enekmponixu, @izuunuti paxyromem, YocHY
e-mail: yosyp.brandis@uzhnu.edu.ua

JlocmDKeHHST CHEKTPaJbHUX XapaKTEPUCTUK HAHOIUIIBOK OKCHIIB MiJl 1 [UHKY €
aKTyaJlbHUM 3aBISKHA 1X YyJOBHUM ONTHYHUM 1 €JIEKTPUYHUM BIIACTUBOCTSIM, IO Ja€
MOKJIUBICTh BHUKOPUCTOBYBATH 1X B MIKPO-HAHO EJIEKTPOHILl 30KpeMa B COHSYHHX
€JIEMEHTaX, JaTYMKax razy, TOIIO.

Meroro nmaHMX JIOCHDKEHb OyJo aJanTyBaTH METOJA  €JIeKTPOH-(POTOHHOI
cuekrpockomnii  (E®C) [1] mas gochimkeHHS eMICIHHMX Ta  JIIOMIHECHEHTHHX
XapaKTEPUCTUK AK «YHUCTOI» TaK 1 MOJAM(PIKOBAHOT HANMUIEHHSM TOHKHUX HAHOILUIIBOK
CuO Ta ZnO mnoeepxonb kpuctany NaCl, a Takoxx TOCTIINTH BIUIMB IUX OKCHIIB Ha
JIOMIHECIIEHTHI Ta crniekTpalibHi BiactuBocTi NaCl.

JIy>)KHO-TaJIOIAH1 KpHUCTAJIM HATPII0 MAlOTh JOCTaTHBO MPOCTY KPUCTATIUYHY 1
€JIEKTPOHHY CTPYKTYpYy 1 TOMYy OyJiM BHUKOPUCTAH1 SIK 3py4dHa MOJEJIbHAa CHCTEMa JJisi
BUBYEHHS PI3HOMAHITHUX KPUCTATIYHUX AE(EKTIB, B TOMY YHCII TUX, IO BUHUKAIOThH
npu Moaudikaiii MOBepXHI HAHOJOMIIIKAMU 1 CYTTEBO BIUIMBAIOTh HA ONTHYHI 1
CHEKTpaJIbHI XapaKTePUCTUKH eNeKTpoH-(hoTOoHHOI eMicii (EDE).

B saxocTi 3aroTtoBku I MilIEHEW BHUKOpHUCTOBYBaBcsi MoHOkpuctan NaCl 3
BHUCOKHMMHU TPAHCISALIIHIM BIaCTUBOCTSIMH. 3 OJJHOTO CKOJY L[OTO KPUCTAIy FOTYyBaI0Cs
JeKUIbKa ogHakoBUX MimeHei (12x6x3mMm). OnuH 3 HHUX 3pa3KiB, BUKOPUCTOBYBABCA SIK
«4UCTU», TOOTO O0€3 HanuieHb. [ToBepXi 1HIMX 3pa3KkiB MOAU(IKYBAIUCH OKCHIOM MiJil
Ta NMHKY. Moaudikaliisi moBepXHi 3A1MCHIOBATIACs METOJAOM OCA[KEHHS TIJIIBKU OKCHU/IIB
na miakmaaky NaCl, mo Oyma BcTaHoBIeHa Ha Bigmaiai 3 ¢M Bia LEHTPY PO3PAIHOIO
MPOMDKKY [2], MK MITHUMU a00 IIMHKOBMMHU EJIEKTPOJaMHU. AMIIIITYyAa IMITYJIbCIB
crpymy ckmangana 50-150A (5-100 ue). ITapu migi a00 IIMHKY BHOCHJIUCH B PO3PSIHUI
MPOMIKOK 32 PaxyHOK MIKPOBHOYXY HEOJHOPITHOCTEH TOBEPXHI EJIEKTPOJIiB B
CWJIBHOMY €JIEKTPUYHOMY MoJi 1 (opMyBaHHI €KTOHIB. [ITIBKM OKCH[IB MeTaliB
(dopMyBanuch B IJ1a3Mi MOBITPs aTMOC(HEpPHOro TUCKY. TOBIIMHA HAHOIUIIBOK BUMIPSHA
eNCOMETPUYHUM METOJIOM 1 CKJIajiasia OIM3bKO 35HM.

Hocnimkenns omirecteHiii uncroro kpucrany NaCl Ta 3 mHamwieHnMu Ha HOTO
noBepxHi0 HaHodacTUHOK CUO Ta ZnO mpoBeneHo Ha HAJABUCOKOBAKYYMHINA YCTaHOBIT
YCVY-4 meToioM eneKTpoH-(POTOHHOI crieKTpocKoIii. POOo4mii THCK 3aIUIITKOBHUX ra3iB B
xaMepi B3aemogii He nepepuinysas 10° Top. Enepris my4ka eJeKTpoOHIB B yCixX eTamax

103



IED-2023 IEP-2023
Vxropon, 15-18 tpasus 2023 Uzhhorod, May 15-18, 2023

nocaiykens craHosmwia 600 eB. [liametp momepeuHoro mepepi3dy Mydka €JIeKTPOHIB
CKJIaJIaB 5 MM MpH CTpyMi OoMOapayrodux enekTpoHiB 20 MA.

CrnoctepexxeHHs 3JIIMCHIOBAJIOCH B3JIOBXK HOpMalll 70 MoBepxHi wimeHi (6=0°), a
OomOapryBaHHS TIPOBOJIMIIN TIiJT KyToM 15° Big HopMaut /10 moBepxHi. s Bcix 3pa3kiB
JOCIIIDKCHHS 3/IIMCHIOBAIMCS B ONITUYHOMY 1HTepBasi Bij 2000 1o 8000A.

Ha (puc. 1.) npuBeneni cnextpu EQE nosepxons "aucroro" monokpucramy NaCl Tta
MOBEPXOHb MOJIM(DIKOBAHWX HAMUIIEHHSM TOHKHX IIIBOK OKCHIIB METATIB MiJli 1 IIMHKY.
Bonu 3amumcani npu mmpuHi oiinuH MoHoxpomatopa 0,25 mMm. B ekcnepumenti Oyio
BUKOPHCTaHO AWPpakimiiiHy rpatky 3 1200 mrp/mMMm, majis skoi BenWuuHA OOEPHEHOI
ni”iitHOT aucnepceii cknagae 16A/MM. ExcriepuMeHTanbsHO Oyino 3a06€3MeueH0 po3JIiIbHy
3/1aTHICTH He Tipie 4A.

1- NaCl
1.0/ 2- NaCl+ZnO
3- NaCl+CuO
5890 A/5896A
0,8 +
3879 A 4887 A
4343 A \“ \
0,6 — |
3091 A g (
4 Nin AU‘:M{V\ Li {
i "1 i ‘ ; WY " ! /
e | el T
z 047 2081A 1,,'&] P ey
;. | 2138 A i7" 1 |
_- ,.n{(l'v / SN W/ ‘ f'l I
’ Rﬁl _‘/ \ ".‘qﬂf‘\ \
0,0 -
-0.2 T T T v T T T T T T )
2000 3000 4000 5000 6000 7000
%A

Puc.1. Crekrpu E®E nosepxons : 1-NaCl; 2- NaCl + ZnO; 3-NaCl + CuO.

B cnektpax E®E yncroro kpuctany NaCl BusiBiieHo HeniepepBHE BUTIPOMIHIOBAHHS 3
MOBEPXHEBOIO0 IIApy MINIEHI Ta XapakTEPUCTUYHE BUIPOMIHIOBAHHS 30YyIKEHUX
posnopomenux aromis Hatpito (Nal 5890/5896A; Nal 5682/5688A). Hemnepepsue
BUIIPOMIHIOBaHHS 3 MakcUMyMoM ipu A~3900A, sike criocTepiraeThbes B 061aCTi TOBKHH
xBuab 2300 — 6000 A, € pexoMmOiHAIifHUM CBiUEHHAM, SKe€ BHUHHKAE BHACTIIOK
30y/UKEHHST €JEKTPOH-IIpKoBUX map enekrponHoi migcucremu NaCl 1 HasBHICTIO
nedektiB tuny F-mieHTpiB B 00'emi kpuctama. HasBHICTH B CHEKTpl JIHINM aTOMIB
MOSICHIOEThCSI  30y/DKEHHSIM ~ TEPBUHHUMHU  €IEKTPOHAMHU TJIHOOKUX  €JIEKTPOHHHUX
00OJIOHOK HATpilo. IX Mojablle 3axJIONMyBaHHS IPU3BOAUTL 10 YTBOPEHHS OXKe-
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€JICKTPOHIB 1 3apsAKEHUX YAaCTHHOK - 10HIB. BUBIJIbHEHA MpU LIbOMY €HEpris Moxke OyTu
3aTpaydyeHa Ha PO3PUB 3B’SI3Ky HATPIIO 3 KPUCTAJIOM 1 HOTO BiJILOTY BiJl TOBEPXHI.

VY cnektpax E®E 3paskiB NaCl+CuO Tta NaCl+ZnO  BusBIeHO HemepepBHE
BUIPOMIHIOBaHHS 3 MaKCUMyMaMU 3879A mns mimeni NaCl+CuO i 4100A s mimreni
NaCl+ZnO, a Takox CMyrd MEHINOI IHTEHCHBHOCTI. [Ipupoja BUIPOMIHIOBAYIB IIHX
cmyr obroBoproetbesi. B cmektpi  EDE  mosepxni  NaCl+ZnO BUSIBIICHO
XapaKTepUCTHYHE BUIPOMiHIOBaHHsA aToMmapHuX niHiii Na 5890/5896A, Zn 2061A, Zn
2138A. Inmi atomapHi ninii B criekTpi inentudikosani Hamu, sk Fe i Ni, mo norpamunu
Ha MIIIeHb MiJ Yac HANWICHHS IUIBOK 3 eJeKTpojiB. OTpuMaHi CIEKTpU 1 iX aHami3
TOBOPSITH MPO BUCOKY UyTIHBICT, MeToxy EDPC mst mociikeHb HAHOCTPYKTYpPOBaHUX
MIOBEPXOHb.

[1] I.E€. Mutpononscekuii, B.B. Ky3sema, O.M. KonomnsoB, B.C.bykcap,
HayxoBuii BicHuK Yxkropoacbkoro yHiB-Ty. Cepis ®izmka. 40, 130-137
(2016).

[2] AXK. Ilyau6os, A.JM. Muns, 3.T. Tomoxu, B.B. Jlammmo, P.B.,
DnekTpoHHas o0paboTka Marepuanon. 54, 46-50 (2018).
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KOMII'IOTEPHE MOJAEJIIOBAHHSA TOHUOJIOFI‘IHOi 3BA3HOCTI
BIOOPI'AHIYHUX CITIOJIYK B PAATAHIMHUX EKCIHEPUMEHTAX

B.I1. Tanyauy!, B.M. Macok?

LVarceopoocwruii nayionansnuii ynieepcumem, Yorczopoo
2[ncmumym enexmponnoi gizuxu HAH Ykpainu, Yoczopoo
e-mail: hanulych.vitalii@student.uzhnu.edu.ua

BinomMum € iHTEpec 10 MpoOJEeMU MOJECTIOBAHHS CTPYKTYpU Ta JOCIIIKEHHS
CTIMKOCTI 0100praHIgYHUX CIIOJIYK SIK aMIHOKHCIIOTH, MOHOCAXapuau, COUPTH, 1HIII, 5IK1 €
0a30BUMH €JIeMEHTaMU 7Sl ToOya0BH OUIKIB. Sk mpaBuio, BoHU MICTATH 20-30 aToMiB,
10 BUAUIAE iX K 3py4HI 00 €KTH SIK NEPIIONPUHIMITHUX PO3PAaXYHKIB CTPYKTYPHHX Ta
€HEepPreTMYHUX MapaMeTpiB, TaK 1 MOJENIIOBaHHS TOMOJOTIYHUX TIepeTBopeHsb. Ha
MPaKTHIIl, TaKi IEPETBOPEHHSI CTUMYIIOIOTHCS pajialli€to, M0 MPUBOJUTH JO YTBOPEHHS
MeTacTablIbHUX CTPYKTYp. HasBHICTH B aMIHOKHCJIOTaX CHJIBHHUX Ta ClabUX roMo- Ta
reTepo 3B’SI3KiB, 130JIbOBAHMX CTPYKTYPHUX CETMEHTIB JI03BOJISIE€ JOCHIJKYBAaTH Taki
MEePETBOPEHHS, KOMOIHYIOUM iX y pi3HMX KoMOiHamisx sk y rpi Jlero. Llei HampsmMoxk
HayK{ OTPUMAaB Ha3BY «KIIK-XiMisp» [1].

Hamu nis MojentoBaHHS TOIOJIOTIYHOI 3B’ SI3HOCTI 0100pTaHIYHHMX CIIONYK, SKI
3a3HAIOTh JECTPYKIIl B pamiallifHUX EKCIEPUMEHTAaX BHKOPHCTaHI KOMII FOTEpHI
TexHoJIorii, a came maker Unity jqist 3D rpadiunoro mopemtoBaHHs. Po3risiiaroTbes
6ioopraniuHi conyku, 1o mictsath atomu C, H, N, O 3aransHoro ¢popmynoro CxHyN,O;.
xy-z. Y MOJEJIBHUX PO3paXxyHKaX BHUKOPUCTOBYBABCS METOJ CTPYKTYPHMX KOMOIHAIIH 1
KOJIbOPOBO1 CTaTUCTUKHU, KU BPaXxOBYE CTATUCTHUYHY HEPIBHICTH aTOMIB O10MOJIEKYH 3
pi3HOIO eHepriero 3B's3Ky. Po3paxyHku 3pydHO mHpoBoauTd B pamkax Ball-and-Stick
MOJIeNi, sika A03BoJIsie BizyanizyBat 2D Ta 3D mo0KeHHS aTOMIB Ta 3B’ SI3KU M1K HUMH.
Eneprist 38’s13Ky aroma B Takiii MOJEII JOPIBHIOE CyMi €HEPriil po3puBY MOT0 XIMIYHUX
3aB’s13kiB. CTPYKTypHI OCOOJMBOCTI TEPETBOPEHb TAaKUX CTPYKTYp BH3HAYAIOTHCS
koapropoBuMu Habopamu (KH), mo MicTath atoMu 13 PI3HOIO EHEPri€l 3B’S3KYy Y
Mosekyi. IlpaBmio mis mosnadenHs aromiB KH HacTymHe: BOHHM TMO3Ha4YarOThCs
BerukuMu Jitepamu C,H,O,N migcTpokoBi cuMBOH ¢,h,0,n TTO3HAYAIOTh HOTO XiMIYHI
3B’SI3KM 13 aroMaMu-cycigamu. Tomi Ui MOJIGKYJIW TJoko3u 13 M = 24 artomiB
dopmynoro Cop2sHos00 25 MokHa BcTaHOBUTH HAacTymHUA KH, {Ceconh, 4Cccohy Ce2ohy 9Och,
Ogzc, 7THe, SHo}, TyT Ce2on, Oac MO3HAYarOTh aTOMH, IO MalOTh MOABIMHHUI 3B'S30K,
BIIMOBITHO, 13 KHUCHEM Ta ByrjieneM. I[lpuBeaemo Taki gaHi 13 TOMOJIOTIYHUM
MOJICTTFOBAHHSIM JJIsSI aMiHOKHUCIIOT:

TJIYTAMIH
N Ty »~ CsH10N203- 20 atomis
AN G S CaiHa2Na3Oa4 (al+a2+a3+ad=1)
Y a1=0.25; a2=0.5; a3=0.1; a4=0.15
H H
Konvopoei naoopu
Cc200, Ccenh, 2 Cechh, Ccoon, Cccch, Cchhh, Och, 2 2 Nchh,
Occ 5Hc, 4 Hn, Ho
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Pe3yJIbTaTH TONOJIOTIYHOI0 MOJACJTIOBAHHA

cchhh: heo hno

ochoffilvés

0o 40 4o m 20 N
®
o
0“.“ @
\ @ 0
o 90— %
¢ % e s " " w
T .
cchhh: hen hn.i:m ocho ,..,«‘_u ® ® ®
12 50 4o 12 g
[ ]

BAJITH
H. 'I' e C5H11N02- 19 atomiB
H/N_?_C\OH CalHaZNa3Oa4 (al+a2+33+a4=1)
. C,CHCH al=5/19; a2=11/19; a3=1/19; a4=2/19

Konvopoei naoopu
Cc200, Cccnh, Cccch, 2 Cchhh, Och,
Occ

Nchh, 8Hhc, 2 Hn, Ho

Pe3y.JII>TaTI’I TONOJIOTIYHOTI0 MOJCJITIOBAHHA

"5‘?“1 cchhhs hea hnsm ochcm
= - = > - B

Takum yuHOM, METOIU KOMIT IOTEPHOTO MO/JICTIOBAHHS JI03BOJISIIOTH peaji3yBaTh Pi3Hi
TUTIU CTPYKTYPH IS p€aTbHUX Ta METACTa01IbHUX CTaHIB 0100pTraHIYHUX CTPYKTYP.

[1] N. Z. Fantoni, A. H. El-Sagheer, T. Brown Chem. Rev. 2021, 121, 71227154
https://doi.org/10.1021/acs.chemrev.0c00928
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OAEPKXAHHSI HAHOKPUCTAJIIYHOI'O KOMIIO3UTY
B CUCTEMI As,S3 —Bi»S3

C.L ITaBneii, A.M. Conomon, C.M. I'acuneus, [.M. BoiiHapoBuu

Inemumym enexmpounnoi ¢isuxu HAH Ykpainu, Yoceopoo, Yrpaina
e-mail: staspavlej5@gmail.com

HanmiBrpoBiIHUKOBI HAHOCTPYKTYPH HAAUICHI I[IUPOKUM CIIEKTPOM HOBHX
BJIACTHBOCTEH, SIK1 BIIPI3HAIOTHCS B TBEPAOTIILHIX MACUBHUX MaTepianiB. 3MEHIICHHS
PO3MIPHOCTI B OJJHOMY, IBOX 200 TPhOX HAMpSMKaX HAJa€ HOBI MOKJIMBOCTI CTBOPEHHS
MarepiaidiB 1 MPUCTPOIB 31 CHCHUPIYHUMH XaApAKTEPUCTUKAMHU Ta 3MIHY iXHIX
BJIACTUBOCTEH 3a JOTIOMOT'OI0 SIBUIIIa KBAHTOBOI'O po3MipHOro edekry. Hanokpucranmiusi
HaITBIIPOBITHUKHK, BIPOBA/DKCHI B JIICICKTPUYHY MATpHIf0, € g00pe BiaoMHUM 1
KJIaCHYHUM  O0’€KTOM  MaTepialio3HaBCTBa  HaHoMmarepiadiB.  HaHokommos3uTu
XaJIbKOTEHIIIB METaliB, BIOPOBAKEHI B MATPUII0 XaJIbKOT€HITHOTO CKJIa, 3aBASKU
YVHIKQJIbHUM ONTHYHUM BJIACTUBOCTSM, TaKUM SIK HU3bKI €Heprii (POHOHIB, BHUCOKa
MpO30pICTh B OMMKHIN Ta cepedHiil 1H(QpayepBOHIN 00JACTAX, BUCOKHM JIHIAHUHN 1
HEJTIHIMHUNA TOKa3HHWK 3aJOMJICHHS, MOXYTh OYyTHM NEpPCHEKTUBHHMH MareplajaMu B
OITHII, E€NEKTPOHIIl, ONTOEJEKTPOHIIl, MaTepialo3HaBCTBI Ta iHxkeHepii. [loenHanHs
aMOp(HOr0 XadbKOTEHIJHOTO CKJa $SK OCHOBHOTO CEpEJOBHINA Ta HAHOKPHUCTAJIB
cynb(dimy BICMYTy NpHUBEpTAa€ Hall I1HTEPEC, OCKIIBKA BHYTPIIIHSA AaHI30TPOIsS B
KPUCTAJIYHIA  CTPYKTYypl ULbBOrO MaTepially CHOpUs€ YTBOPEHHIO  OJHOMIPHUX
HaHOCTPYKTYp, 30KpeMa HAHOTOJIOK, HAHOCTPIYOK. LI HAHOCTPYKTYpHU MOXYTh 3HAUTU
BKJIMBE 3aCTOCYBaHHsS B 0araTbOX MPHUCTPOSX, HANPHKIAA, MOJHOBUX EICKTPOHHUX
eMiTepax, COHTIYHUX eJIEMEHTaxX.

Kommno3uTHi crekiaa cuctemu AspS;—BipS; Oynu oTpuMani 3 OiHApHUX CHOJIYK
AS2S3 1 BiS3 ynctorn OCY, MeTo10M NIPSIMOTO CILJIABJICHHS B €BaKyHOBAaHUX KBapIIOBUX
ammynax. @opMyBaHHS HAHOKOMIIO3UTY 3MIMCHIOBAIM MUISIXOM TEpeKpUcTaTi3alii
IIBUIKO 3arapTOBaHUX KOMIIO3UTHHX CTEKOI (As2S3)1-x (Bi2Ss)x (X=0.04, 0.06, 0.1, 0.12)
MIPH PI3HUX TEMIIEPATYPHO-YACOBUX pekUMaXx Biamany. TemmepaTypHa 001acTh Biamamy
OyJa olliHEHa 33 TEOPIED TOMOTE€HHOTO Ta T€TEPOT€HHOI0 3apOJAKOYTBOPEHHS Ta POCTY
kpuctamiB 1 ckinagana 220-280°C. PentreHomudpakiiiiHi JOCTIIKEHHS BiAMAJICHUX
KOMIIO3UTHUX CTeKoN As;S3—BiyS; BusiBMM kpuctamiuny ¢asy cyinbdigy BiCMyTY.
Posmipu kpucrtamiyHoi ¢asu, OIliHEHl 3 PEHTICHIBCHKUX AudpakTorpaMm 3a (popMyJior
Ieppepa, cknagamu 20-60 HM.
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PAIIAIIAHUNA CKPUHIHT MEJUYHUX ITPUCKOPIOBAYIB
I3 BUKOPUCTAHHAM TJ-JO3UMETPII

A.B.Pycun!, O.I'. CaBka’, I.B. Crepanosuu?, B. Obryk?,
O.M. [or®, B.T. Macmox®

L Komynanvue nexomepyiiine nionpuemcmeo "3axapnamcokuti npomunyxauHHutl yeump'"
3axapnamcoroi oonacuoi paou (KHII "3I11]"30P), YVaiceopoo, Yrpaina

2Institute of Nuclear Physics PAN, Krakéw, Poland

3Iucmumym enexmpounoi @izsuxu HAH Yipainu, Yoaczopoo, Yrpaina
e-mail: oksana_pop@i.ua

Bigomo, mo mnpomeHeBa Tepamis € OJHMM 13 OCHOBHHUX METOJIB JIIKyBaHHS
OHKOJIOTTYHMX 3aXBOPIOBaHb. Ha chbOroiHi y ramy3i paaialiiiHoi OHKOJIOT1i 3aCTOCOBYIOTh
BEJIMKY  KUIBKICTh  TEXHOJIOTIYHHX  JIOCATHEHb 3  (PI3UKM  NPUCKOPIOBAUIB,
TKAHWHOEKBIBAJICHTHOT JO3UMETPIi, a TAKOXX KOMIT'FOTEPHOI TEXHOJIOT1I Ta IPOTPaMHOIO
3a0e3nedeHHs Bi3yani3alii yMOB OINPOMIHEHHS. 3BMYallHO K OCHOBHI NPUHLUIIU, SKI
JeXaTh B OCHOBI pajiio0i0Jorii MPOMEHEBOI Teparii He 3MIHWIKCS, a TOJOBHI 3yCHIIIS
IPOMEHEBOI Tepamii 3BOJATHCS /0 TMOKPALIECHHS JIO3UMETPUYHOTO  CYIpPOBOAY
OMPOMIHEHHS, 3BEJICHHS O MIHIMyMY CTOpPOHHIX e(ekTiB. Lle 0co0aMBO akTyansHO MpU
3aJly4yeHH1 Y MPaKTUKY IPOMEHEBOI TO3UMETPIi MPUCKOPIOBAUIB PI3HOTO COPTY AJIEPHUX
YaCTUHOK, P13HOI €HEprii Ta MUIbHOCTEH 1X MOTOKIB.

HeBin'eMHOIO 4YAacTHHOIO NPOMEHEBOI Teparii € KIiHIYHA JO03UMETpis, SKa €
HEOOXI1THOIO MPH OYb-SKUX JIIKYBAJIBHUX MPOLIEIYypaX, A€ BUKOPUCTOBYETHCS 10HI3yIHOUE
BUNPOMIHIOBaHHS. JIJis OmepaTUBHOTO BHUMIPIOBAHHS paaiallifHUX TOJIB OMPOMIHEHHS
MEIUYHUX TPUCKOPIOBAUIB BUKOPUCTOBYIOTH, SIK TPaBWJIO, 10HI3AIlIHI KaMmepH, SKi
JAl0Th BUXIAHY 1H(GOpPMAIIIO 1Ji BCTAHOBJICHHS TMOTJIMHYTOI JO3W MPHU TEePANEeBTUYHUX
npoueaypax.

[Mpote, mpuBaOIMBHM € KOHTPOJb J03M IN SitU B TKAaHWHO-CKBIBaJCHTHUX
(hanTOMax, BUKOPUCTOBYIOUM TKAHWHOEKBIBAJICHTHI TEPMOJIIOMIHECIICHTHI JI03UMETPHU
(TJIT). BumiproBaHHsI NOTJIMHYTOI 03U y (paHTOMAaXxX J103BOJISIE HE TUIBKU MPOBOJUTH
KamOpyBaHHS  JIETEKTOPIB  KJIIHIYHOT  JIO3UMETPii, ajie ¥ BHUMIPIOBAaTH  MOJs
BuripoMiHioBanHs. TJIJ] mo3umerpis nae 3Mory mnokasyBaTd PiB€Hb HAKOMUYEHOI 103U
pamialiii mpoTSIroM MEBHOrO 4acy, IO BAXKIWBO JUIsl pajlialliifHOI Oe3MeKh MEIUIHOTO
nepconanry. HaBenmeHne Bulle BKasye Ha BaKIUBICTh BimmoBigHoi TJIJ myis mpakTukw
MPOMEHEBOi Teparii, a TakoX Ha HEOOXIJHOCTh CIIBCTaBJICHHS HE TUIBKH PIZHUX
JO3UMETPUYHHUX TEXHOJIOTIH, aje W CHIBOpall JIIOAEH pI3HUX raidy3eil 3HaHb: JIKapiB,
JO3UMETPUCTIB, a TAKOX SJIEPHUX (PI3UKIB.

Y po6oTi peAcTaBiieHi pe3yibTaTu gociipkeHHs kpuctaiiB Al,05:C (nerexTopu —
AIT), LiF:Mg,Cu,P (merexktopu — NCP, amamor TLD-100H (BupoOHuk Kpakis,
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[Tonpuia)). OnpomiHeHHs JOCTIIKYBaHUX 3pa3kiB nozamu 1 ['p ta 2 I'p npoBoaummcs B
KHIT "3II1"30P nHa memuunomy mpuckoproBadi ¢ipmu Varian Halcyon 3 eneprieto
IPUCKOPEHUX eJIeKTpoHIB 6 MeB.

BumiproBanust kpuBux (ocdopecueniiii Ta repmonmominectenmii (TCJI) misa minei
JAHOTO EKCIEPUMEHTY MPOBOJUIIOCH CIELIalbHUM pigepoM. Jljis BUMIpIOBaHHS
IHTEHCUBHOCTI JIIOMIHECIICHTHOTO CBIYEHHsSI OyJ0 BHUKOPUCTAHO (DOTOETEKTPOHHUI
nomHoxyBau Turmy ®EII-136 y pexumi miubu ¢oroniB. Kpusi TCJI onepxxyBanucs B
pe3ynbTaTi JIHIAHOTO HarpiBy jgociuipkyBanux 3paskiB g0 300°C. Koutpoas
TEMIIepaTypu IMiJi 4Yac HarpiBy 3/1ACHIOBABCS 3a JIONOMOIOI0 XPOMEJb-aJioMeNeBOl
TepMoriapu. [l 3MeHIeHHs BIUIMBY (eAiHTy BUMIPIOBAHHS, TEPMOJFOMIHECIICHIIIS
MIPOBOJIMJIOCH OJIpa3y Micisi OMpOMiHEHHsS. B mporeci onpoMiHeHHsST 0yJ10 BUKOPUCTAHO
0 JiBa 3pa3Kud KOXHOIO THUITy JIO3UMETPIB JJI1 JOCHIIPKEHHS Bi1JATBOPIOBAHOCTI
OTPUMAHHUX PE3YyJIbTATIB.

Ha puc. | mnpuBeneHo TUIOBI KpUBI TEPMOIIOMIHECLEHINT JOCHIIKYBAHUX
no3umetpiB AI1I" Ta NCP, ompominenux 1 I'p.

—— A1203:C
400+ —— LiF:Mg,Cu,P

300

, a.u

= 2004

100

50 100 150 200 250 300
T, °C

Puc. 1. Kpusi tepmoBucsiuyBanus 3pa3kiB [II1I" ta NCP, onpominenux 1 I'p.

Bceranosneno, mo TJIJI mo3umerpis mepcrneKTUBHA I KOHTPOJIO HE JIHIIE
MOTJIMHYTOI JI03W TIEPCOHAJIOM, ajie W JJIS TPOBEACHHS pPaalalifHOTO CKPUHIHTY
CYITyTHIX YMOB OIPOMIHEHHS.
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