_ MIHICTEPCTBO OCBITH I HAYKH YKPATHU
KUIBCbKU HALIIOHAJIbHUM YHIBEPCUTET IMEHI TAPACA IIIEBYEHKA

ISSN 3041-1491 (Print)

MEAUYHA PI3UKA -
CYYACHUH CTAH, IIPOBJIEMHY,
HITAXHW PO3BUTKY

HOBITHI TEXHOJIOT'II

HaykoBu# 36ipHUMK

Bunyck 1

3a MaTepiasiamu
XI Mi>xkHapo1HO1 KOH)epeH1ii
(KuiB, 25-27 BepecHs, 2024)

"_F/_‘\_\—
Iﬂllmni@mwcﬁoﬁ




DOI: https://doi.org/10.17721/3041-1491/2024.11

PenpeseHTOBaHO HayKOBi, MeTOAUYHI Ta NPaKTUYHI pe3yJbTaTH AOC/iPKeHb, CIPSAMOBaHI
Ha BUpillleHHs aKTyaJbHUX NMUTaHb Ta BJOCKOHaJIEHHs LLIAXIB PO3BUTKY MeJu4HOI Qi3UKHy,
NiJIBULLIEHHSA piBHA pajjanifiHoro 3axucTy y cdepi BUKOPHUCTAHHA siiepHOI eHeprii, noAajblie
BIPOBa/PKEHHSI HOBITHIX TexHOJIOTIH y MeAuuHil ranysi. IlpoaHanizoBaHO fesiki acnmekTH
MEHTaJIbHOI'0 3/I0POB'st HaceJIeHHs YKpaiHU mij yac HaiI3BUYalHUX CUTYallill.

rOJIOBHUM
PEJAKTOP

PEJAKLIITHA
KOJIETIS

Appeca
peaKoJierii

3apeecTpoBaHO

3aCHOBHHK
Ta BUAaBelb

Appeca BugaBusa

ACJIAMOBA JIioamuiia, ekcieptr MATATE, kaHz. 6ioJ. Hayk, CT. HayK.
cmiBpo6.,  mepuIMi  Bille-Ipe3uieHT  IpoMaZcbkoi  opraHisauil
"BceykpaiHcbKe 06'elHaHHA MeMuHKX Gi3UKiB Ta iHxkeHepiB" (YkpaiHa)

TEPMAH Ouibra, a-p disnocodii (Kanaga); PE3HIK Ania, a-p dinocodii,
npo¢. (Kanaga); MIBUJAKA [iana, a-p o¢inocodii, mou. (Croosyyeni
Ilitatu Amepuku); 3ABOJIOTHUIM Muxaiio, kauj. $is.-MaT. Hayk, CT.
HayK. ciiBpo6. (Ykpaina); KYHHEBOJI HaTtasis, A-p xiM. HayK, CT. HayK.
cniBpob6. (Ykpaina); MAKAPELLb Mukoaa, a-p ¢is.-MaT. Hayk, npod.
(Yxpaina); MAPTHUHIOK BikTtop, a-p 6ios. Hayk, npod. (YkpaiHa);
MIPOIIHUYEHKO Cepriii, a-p TexH. Hayk, npo¢. (YkpaiHa);
MAJIOBULIBKA OneHa, a-p Mea. Hayk, npod. (Ykpaina); HETPEBA
AHApiii, xaug. ¢iz.-Mat. Hayk, gon. (Ykpaina); HHKUPYH JlroGomup,
KaHJ. ¢i3.-MaT. Hayk, npod. (Ykpaina); OPEJI Banepiii, 1-p 6ios. Hayk,
npod. (Ykpaina); IABJIEHKO Tetsna, a-p 6io1. Hayk, npod. (YkpaiHa);
INIHYYK IpuHa, 1-p Men. Hayk, npod. (Ykpaina); PAJMEHKO Ceprii,
kaHg. $i3.-MaT. Hayk, fon. (Biam. pen.) (Yxpaina); BPOBUYK Ceprii,
KaHJ. ¢i3.-MaT. Hayk (YkpaiHa)

HaByasbHO-HayKOBUH LieHTp pajianiiiHoi 6e3nexu
ByJ1. BacuibkiBcbka, 98a, M. Kuis, 03022

R (38044) 5213284

e-mail: rb@knu.ua, radbez@gmail.com

web: https://rb.knu.ua

HarjionasibHOI0 pazioro YKpaiHu 3 nUTaHb TeslebadyeHHs i pajioMoBIeHHS
Pimmennsa Ne 120 Bix 18.01.24
InenTudikatop apykoBaHoro Mezia: R30-02633

KuiBcbkui HalioHanibHUM yHiBepcuTeT iMeHi Tapaca llleByenka
BupaBHuvo-nosirpadiunmii nenTp "KuiBcbkuii yHiBepcuTeT"
CBizonTBO NpO BHECEHHS /10 [lep>KaBHOTIO PEECTPY

JKNe 1103 Big 31.10.02

6-p Tapaca llleBuenka, 14, m. Kuis, 01601
@ (38044) 23932 22,2393158,2393128

ABTOpY ONy6JIKOBAaHMX MaTepialiB HeCyTb IOBHY BiJJIOBIJA/IbHICTE 3a MiAGIp, TOYHICTH
HaBeJieHHX QaKTiB, IUTAT, CTATUCTUYHUX JJAHMX, BJIACHUX iMeH Ta iHIIMX BifioMocTed. PeskoJieris
3aJIMLIAE 33 COO0I0 MPaBO CKOPOYYBATH Ta Pe/iaryBaTH N0JaHi MaTepiasu.

© ABTOpHM cTareii, 2024
© KuiBcbkuii HallioHabHMi yHiBepcuTeT imeHi Tapaca llleByenka,
BIIL "KuiBcbKuii yHiBepcuTeT", 2024



MINISTRY OF EDUCATION AND SCIENCE OF UKRAINE
TARAS SHEVCHENKO NATIONAL UNIVERSITY OF KYIV

ISSN 3041-1491 (Print)

MEDICAL PHYSICS -
THE CURRENT STATUS, PROBLEMS,
THE WAY OF DEVELOPMENT

INNOVATION TECHNOLOGIES

Conference Proceedings
Issue 1

Proceedings
of the XIth International Conference
(Kyiv, 25-27 September, 2024)

"_Ij'\l_
mnmun(@mmﬁfr‘




DOI: https://doi.org/10.17721/3041-1491/2024.11

Scientific, methodological, and practical research results are present. The results aim to
solve actual problems and improve the development paths for medical physics, increase the
level of radiation safety in the use of nuclear energy, and further implement innovative
technologies into the medical industry. Several mental health aspects of Ukraine's population
are analyzed in emergencies.

EDITOR-IN-CHIEF

EDITORIAL
BOARD

Address

Registered by

Founder
and publisher

Address

ASLAMOVA Liudmyla, PhD (Biol.), Senior Research, IAEA expert, first
vice president public organization "Ukrainian Association of Medical
Physicists and Engineers" (Ukraine)

GERMAN Olga, PhD, International Commission on Radiological
Protection (ICRP) (Canada); REZNIK Alla, PhD, Prof. (Canada);
SHVYDKA Diana, PhD, Assoc. Prof, (United States of America);
ZABOLOTNYY Mykhaylo, PhD (Phys. & Math.), Senior Researcher
(Ukraine); KUTSEVOL Nataliya, DSc (Chem.), Senior Researcher
(Ukraine); MAKARETS Mykola, DSc (Phys. & Math.), Prof. (Ukraine);
MARTYNYUK Victor, DSc (Biol.), Prof. (Ukraine); MIROSHNYCHENKO
Sergii, DSc (Technic.), Prof. (Ukraine); MIALOVYTSKA Olena, DSc
(Med.), Prof. (Ukraine); NETREBA Andrii, PhD (Phys. & Math.), Assoc.
Prof. (Ukraine); NYKYRUY Lyubomyr, PhD (Phys. & Math.), Prof.
(Ukraine); OREL Valerii, DSc (Biol.), Prof. (Ukraine); PAVLENKO
Tetiana, DSc (Biol.), Prof. (Ukraine); PINCHUK Irina, DSc (Biol.), Prof.
(Ukraine); RADCHENKO Sergiy, PhD, Assoc. Prof, (Executive Editor)
(Ukraine); BROVCHUK Serhii, PhD (Phys. & Math.) (Ukraine)

Training and Research Center for Radiation Safety
98a, Vasylkivska Street, Kyiv, Ukraine, 03022

R (38044) 5213284

e-mail: rb@knu.ua, radbez@gmail.com

web: https://rb.knu.ua

the National Council of Television and Radio Broadcasting of Ukraine
Decision N2 120 of 18.01.24
Identifier of printed media: R30-02633

Taras Shevchenko National University of Kyiv,
Publishing and Polygraphic Center "Kyiv University"
Certificate of entry into the State Register

JK Ne 1103 dated 31.10.02

PPC "Kyiv University"

14, Taras Shevchenka blvd., Kyiv, 01601

® (38044) 23932 22,239 31 58,239 3128
e-mail: vpc@knu.ua

Authors of published papers are responsible for the selection, accuracy of facts, quotations,
statistics, proper names and other information. The Editorial Board reserves the right to shorten
and edit submitted papers.

© Articles authors, 2024
© Taras Shevchenko National University of Kyiv
Publishing and Polygraphic Center "Kyiv University", 2024



MEPE/IMOBA BI/] OPTAHI3ATOPIB KOH®EPEHIIT
TA TOJIOBHOTO PEJIAKTOPA 35IPHUKA

IIIaHoOBHIi ynTaui!

Mu pani OpeAcTaBUTH BaM HayKoBui 30ipHMK "MenuuHa (i3uka — cydacHHM
cTaH, MpoOIeMH, NUIIXH pO3BUTKY. HoBiTHI TexHomorii", miArOTOBIEHHH 3a
pesyasraramu X1 Mikaapoauol kondepenmii "Mennuna ¢i3nka — CydacHHH CTaH,
po0aeMH, HUIAXH PO3BUTKY. HOBITHI TexHojorii", mo ycmilmHo BigOymacs B
M. Kuesi 25-27 Bepecus 2024 poky.

KonpepeHmis cTana ofHI€r0 3 KITIOYOBHX MOAIHN I (haXiBIiB y rajly3i MEIUIHOT
(i3ukmn, chopusiga JKBaBid HAyKOBIM OHCKycii Ta OOMIHY iIesMU  IIOAO
HallakTyaJbHIIINX BUKIMKIB 1 HocsarHeHp y 1id cdepi. Ilig vac pizHUX maHenei
KoH(epeHIIil yYaCHUKH aKTHBHO 0OTOBOPIOBAIIH IHPOKE KOJIO AKTYallbHUX MUTAHb,
cepel SKHX HaBYaHHS Ta IIIrOTOBKA MEIWYHHX (PI3HKIB, YIOCKOHAJICHHS
MpoMeHeBol Tepamii ¥ MIarHOCTHKH, pamlalliiHui 3aXMCT Ta HOBITHI IIIXOAU N0
OloMemWYHOI 1H)KEHepil. YYaCHHKM BIA3HAYWIM BaXKJIMBICTh BIIPOBAKCHHS
IITYYHOI'O IHTEIEKTY B MEIHYHY IIPAKTHKY, a TaKoXK OUIMINCS JOCBIAOM Y
JOCHIPKCHHI CKIIAJHMX KIIHIYHUX BUIMAJKIB 1 BIOCKOHAJCHHI IH(GOpMAIiiHUX
cucTteM I 30uMpaHHA Ta aHaumizy gaHux. OKpeMHil akieHT 3po0jaeHO Ha
MEHTaJILHOMY 30pPOB'T IiJ Yac HaI3BHYAWHHMX CUTYaIllil Ta OOrOBOPEHHI IIIAXIB
MOKPAILEHHS IICUXONOrTYHOT MIATPUMKH SK IS MHAIllEHTIB, Tak 1 IS (paxiBIiB
MmenuyHol rainysi. Lle# xBaBuii 0OMIH JyMKaMH 1 JOCBIZOM JOIOMII c(hopMyBaTH
OimpIn IiicHe OavYeHHS IEePCIICKTHB PO3BHTKY METUYHOI (I3MKH, a TaKoXK
OKPECIHUTH MPaKTUYHI PEKOMEH Al JUIs MiIBUIIeHHs e(eKTUBHOCTI JIIKYBaHHS Ta
3aXUCTY HACEICHHS.

Bumannas 1mporo 30ipHHKA 3MIMCHEHO 3aBASKW ILTAHIN cmiBmparii KuiBcekoro
HallioHaNMbHOTO yHiBepcuTery iMmeHi Tapaca IlleBuenka, BceykpaiHcbkoro
o0'emHaHHSA MEMUYHUX (QI3uKIB Ta iHXKeHepiB, HaBuaabHO-HAYKOBOTO IEHTPY



IlepeamoBa

pamiamifinoi Oe3nmekn KuIBChKOro HaIliOHAJIBHOIO YHIBepcHTETy iMeHi Tapaca
IlleBuenka Ta €Bporelichkoi (emeparlii opraHizanid Mennyaux (izukiB. MeToro
myonikanii € o0'€HaHHS 3yCWJIb MPEACTABHHUKIB OCBITHIX 1 HAayKOBO-AOCTITHUX
YCTaHOB, MEIUYHUX 3aKJIAJiB, IH)KCHEPHUX KOMITaHIH 1 rPOMaZChKUX OpraHilariii
3]s TiIBHUINCHHS TpodeciiHoro piBHs (axiBIliB, yIOCKOHAJICHHS KBamidikarii
MPAaKTHUKIB Ta PO3BUTKY IHHOBAI[IHUX TEXHOJIOT1H Y MEIUYHIN (i3HUIIi.

OxkpeMy yBary HOpHUIIEHO TOTPHUMAHHIO MPUHIUIIB OIOCTHKM ¥ 3aXHCTy IpaB
mamieHTiB. IIpuHArigHO 3ayBakKMMO, IO BCI HAyKOBI JOCHIIKCHHS Ta
CKCIICPUMEHTAJIbHI PO3POOKU MPOBOMWINCA 3 YpaxyBaHHSIM YWUHHHX HOPM 1
MDKHApOIHUX PEKOMEHMAIll y Traily3i OlOSTMKM Ta MpaB JIOIUHH. ABTOPU
JOCTI/DKEHb 13 3aJIydeHHSIM JIFOJICH YW TBAapUH HAJaBalid EKCIIEPTHI BUCHOBKU
KOMICIH 3 Oi0eTHKH.

306ipHUK poO3paxoBaHUil Ha MIMPOKe KOIO (haxiBIIiB: HAYKOBIIB, OCBITSH, JIIKapiB,
IHKEHEpIB, MeOUYHMX (DI3HMKIB, IICHXOJIOriB, a TaKOK CTYACHTIB 1 BCIX, XTO
[IKABUTHCSA MHUTAHHSAMH pamialiifHoi Oe3leKH Ta aKTyadbHUMH TEHICHI[ISIMUA B
MenuuHii ranmysi. [IpeicraeieHi y CTarTsaX BHUCHOBKM W peKOMeHialii OymayTh
KOPHCHUMH JJIS1 IEPKABHUX OPTaHiB, 3aKOHOMABIIIB 1 CTEUKXOIEPIiB Y cepi HayKn
Ta OXOPOHHM 3/I0POB'sI.

My mmpo BASYHI WieHAM opraHizamiiiHoro komirery 3a ixHili BHeCOK:
Jronqmmmi Acnmamosiii (KuiBeskuii HalioHanpHUE yHIBepcuTeT iMeH1 Tapaca I1leBuenka,
excriept MAI'ATE, Ykpaina), Mukom Kynimy (KuiBchbknii HallioHAIGHAN YHIBEPCHTET
imeni Tapaca Illesuenka, Yipaina), Amini Bemirypi (Philips, Hinepnanmwn), Onexcanpi
Isamenko (University Medical Center Groningen, Hinepmanmu), €sreny bapannuky
(XapkiBcekmii HarioHambHUIN yHiBepcuteT iMeHi B. H. Kapasina, Ykpaina), Bagumy
Uymaky (HamioHamesHuii HaykoBHM HeHTp "[HCTHTYT pamiamidinoi memuuman HAMH
Vkpainn", Ykpaina), Banepiro [Iyrauay (Incruryt simepaux gocmimkenb HAH Ykpainn),
Ipuni ITinuyk (KuiBchbkui HalllOHAJbHMHM yHiBepcuTeT iMeH1 Tapaca IlleBueHka,
Vkpaina), JIrobomupy Hukupyro (IIpukaprmarchkuii HaIliOHAIBHAN YHIBEPCUTET IMEH1
Bacuns Credannka, Ykpaina), Cepriro bpoBuyky (I3painbcbka OHKONOIIYHA JiKapHS
JIICO/, VYxpaina), SIpociaBy Yomito (KuiBcbkuii Hal{lOHAJbHUN YHIBEPCHUTET IMEHI
Tapaca IlleBuenka, Ykpaina) ta Jlrommuni Aagpymiko (KuiBchbkuii HalioHaIbHHUI
yHiBepcuTeT iMeHi Tapaca IlleBueHka, YkpaiHa) 3a opraHizaliiHy IIITPHMKY,
KOOPIWHAIIIO Ta CIPHSIHHA YCHIIIHOMY IMPOBEACHHIO KOH(EpeHIii i IMmiaroToBIi
IbOTO 30ipHUKA.

TakoK MPUHATIIHO X0YeMO BiI3HAYMTH PO0OTY TAKHX YJIEHIB NMPOrpaMHOI0
KoMmirteTy, sik: Teemy Cickonen (University of Helsinki, STUK, ®innsHmis), BikTop
SAxosenko (University of Texas Southwestern Medical Center, CIILIA), Tomac Kpon
(Peter MacCallum Cancer Centre, Actpadist), ko0 ([[xefik) Ban Jlaiik (Western
University, Kananga), Amma Pesnik (Lakehead University, Kanana), ITpompomoc
Kamumanic (Nicosia General Hospital, Kinp), Cropen Marrccon (Lund University,

6 Bunyck 1



MeauyHa ¢izuka - cydacHU# cTaH, Npo6JieMH, HUISIXU po3BUTKY. HoBiTHI TexHoJ1OTii

Skane University Hospital Malmo, Ilsemis), Tomopxa HimitpoBa (Plovdiv
University "Paisii Hilendarski", bBomirapis), [laBen Onko (Institute of Nuclear Physics
PAN, Ionpma), Jxum Tapcron (Dorset County Hospital NHS Foundation Trust,
Benuka bpuranis), Jleonin bynasin (KuiBchbkuii HalliOHAJIBHUEA YHIBEPCUTET IMEHI
Tapaca IlleBuenka, VYkpaina), Omnexcangp Yamuii (HamjoHamnbHui METUYHHI
yuiBepcuter iMeHi O. O. boromonbiis, Ykpaina) Ta JIrooos Ilmurntok (KuiBcbkuit
HallioHaNbHUI yHiBepcuTeT iMeHi Tapaca IlleBuenka, Ykpaina), siki Opaiu akTUBHY
y4dacTh B OpraHi3aiii Ta mpoBeJeHHI KOH(epeHIIii.

CromiBaemocs, 10 MaTepiaiu 30ipHUKA CTaHYTh Y MPHUTOII BCIM, XTO IMparHe
JOIYYUTHUCS 0 MOAAJBIIOr0 MPOrpecy MEIUYHOI (hi3UKH, CIPUATUMYTh PO3BUTKY
HayKOBHMX KOHTAKTIB 1 HAIMXaTUMYTh HA HOBI i7iel Ta BITKPHUTTI.

TonoBHUIi penakTop 30ipHUKA Jlronmuna ACJIAMOBA

ISSN 3041-1491 (Print) 7



PREFACE FROM THE CONFERENCE ORGANIZERS AND
THE EDITOR-IN-CHIEF OF CONFERENCE PROCEEDINGS

Dear readers!

We are pleased to present the Conference Proceedings "Medical physics — the
Current Status, Problems, the Way of Development. Innovation Technologies". It
represents results of the XI International conference "Medical physics — the current
status, problems, the way of development. Innovation technologies", which was
successfully held in Kyiv on September 25-27, 2024.

The conference became one of the key events for specialists in medical physics.
It contributes to a lively scientific discussion and exchange of ideas about the field'
most pressing challenges and achievements. During various conference panels,
participants actively discussed a wide range of topical issues, including the education
and training of medical physicists, the improvement of radiotherapy and diagnostics,
radiation protection and the latest approaches to biomedical engineering. Participants
noted the importance of introducing artificial intelligence into medical practice, and
also shared their experience in studying complex clinical cases and improving
information systems for data collection and analysis. A special emphasis was placed
on mental health during emergencies. Participants discussed ways to improve
psychological support for both patients and medical professionals. This fruitful
exchange of views and experiences helps to form a more holistic vision of the
prospects for the development of medical physics and outlines practical
recommendations to increase the effectiveness of treatment and public protection.

The Conference Proceedings publication is possible thanks to the fruitful
collaboration between Taras Shevchenko National University of Kyiv, Ukrainian
Association of Medical Physicists and Engineers, Training and Research Center for
Radiation Safety Taras Shevchenko National University of Kyiv, and European
Federation of Organizations for Medical Physics. The purpose is to unite the efforts
of representatives from educational and research institutions, medical institutions,

8
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engineering companies, and public organizations to increase the professional level
of specialists, improve the qualifications of practitioners, and develop innovative
technologies in medical physics.

Particular attention is paid to compliance with the principles of bioethics and
patients' rights protection. It should be noted that all scientific research and
experimental developments were carried out taking into account current norms and
international recommendations in the field of bioethics and human rights. The
authors of studies involving humans or animals provided expert opinions of bioethics
commissions.

The Conference Proceedings is intended for a wide range of specialists: scientists,
educators, doctors, engineers, medical physicists, psychologists, as well as students
and everyone interested in radiation safety issues and current trends in the medical
field. The conclusions and recommendations presented in the articles are useful for
government agencies, legislators and stakeholders in science and health fields.

We are sincerely grateful to organizing committee members for their
contribution: Liudmyla Aslamova (Taras Shevchenko National University of Kyiv,
IAEA expert, Ukraine), Mykola Kulish (Taras Shevchenko National University of
Kyiv, Ukraine), Alina Veligura (Philips, Netherlands), Oleksandra Ivashchenko
(University Medical Center Groningen, Netherlands), Evgen Barannik
(V. N. Karazin Kharkiv National University, Ukraine), Vadim Chumak (National
Research Center for Radiation Medicine National Academy of Medical Sciences of
Ukraine, Ukraine), Valery Pugatch (Institute for Nuclear Research National
Academy of Sciences of Ukraine, Ukraine), Irina Pinchuk (Taras Shevchenko
National University of Kyiv, Ukraine), Lyubomyr Nykyruy (Vasyl Stefanyk
Precarpathian National University, Ukraine), Serhii Brovchuk (Israeli Oncological
Hospital LISOD, Ukraine), Yaroslav Cholii (Web Developer, Taras Shevchenko
National University of Kyiv, Ukraine), Liudmyla Andrushko (Secretary, Taras
Shevchenko National University of Kyiv, Ukraine) for support in organization,
coordination, and assistance in making the conference successful and, especially, in
preparing the Conference Proceedings.

We would like to take this opportunity to acknowledge the program committee
members who actively participated in the organization and holding of the
conference: in particular, Teemu Siiskonen (University of Helsinki, STUK,
Finland), Viktor Iakovenko (University of Texas Southwestern Medical Center,
United States of America), Tomas Kron (Peter MacCallum Cancer Centre,
Australia), Jacob (Jake) Van Dyk (Western University, Canada), Alla Reznik
(Lakehead University, Canada), Prodromos Kaplanis (Nicosia General Hospital,
Cyprus), Soren Mattsson (Lund University, Skdne University Hospital Malmo,
Sweden), Todorka Dimitrova (Plovdiv University "Paisii Hilendarski", Bulgaria),
Pawel Olko (Institute of Nuclear Physics PAN, Poland), Jim Thurston (Lead

ISSN 3041-1491 (Print) 9



Preface

Healthcare Scientist to the Trust Head of Medical Physics & Healthcare Technology;,
Dorset County Hospital NHS Foundation Trust, United Kingdom), Leonid Bulavin
(Taras Shevchenko National University of Kyiv, Ukraine), Alexander Chalyi —
Bogomolets National Medical University (Ukraine), Liubov Shmyhliuk (Technical
Secretary, Taras Shevchenko National University of Kyiv, Ukraine).

We hope that the Conference Proceedings will be useful to everyone who seeks
to contribute to the further progress of medical physics, contribute to the
development of scientific contacts, and inspire new ideas and discoveries.

Editor-in-Chief Liudmyla ASLAMOVA
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MENTORING FOR MEDICAL PHYSICISTS: WHEN AND HOW?

Education programs for medical physicists can be limited by local teaching resources and
available technologies. Furthermore, modern imaging and therapy technologies continue to
evolve at a rapid rate and require continuous learning support for their safe and effective
implementation in the clinic. Mentorship provides an important resource in support of filling the
educational gaps and the knowledge updates required for the development of new techniques and
the implementation of new technologies. A structured mentorship process can be a useful resource
atany point during a medical physicist's career, although the specific purpose of the mentorship will
likely vary depending on when in one's career this occurs. This review provides a description of the
various stages of a structured mentorship program along with some guidance on how to implement
a sustainable and successful mentorship activity. Seven mentorship stages are described including
'defining the purpose of the mentorship’, ‘finding mentor / mentee partners’, 'setting the scene’,
‘engagement;, 'evaluation’, redefinition’, and 'separation’. Some etiquette guidelines are proposed
including some suggested dos and don'ts. In some regions, there may be a dearth of nearby
appropriately experienced mentors. Mentoring virtually using internet technologies may provide a
good alternative. The results of an on-line global survey related to virtual mentoring are
summarized. In conclusion, structured mentorships may provide a very useful resource for
medical physicists at any stage of their careers. Understanding how best to navigate such
mentorship programs will maximize their benefits.

Keywords: mentorship, medical physics, stages in mentoring, etiquette in
mentoring, virtual mentoring, dos and don'ts in mentoring.

Introduction
The dictionary definition of "mentor"” as a noun is "a trusted counselor or guide"
and as a verb "to serve as a mentor for". (Merriam-Webster, 2024). Mentoring can
be a means of professional development through two people working in partnership
in which one person has more experience or knowledge in a specific area (the
mentor) who helps or guides a less experienced individual (the mentee) in that area.
Mentoring can occur at any stage of an individual's career, be it at the graduate
student level, during a residency which involves 'hands on, on the job' training, or
during one's career advancement, whether in the clinic as one advances from a junior
physicist, to a senior physicist, or the head of a department, or at the university as
one advances from assistant professor to full professor, or department chair. The
© Van Dyk Jacob, 2024
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mentor-mentee relationship depends on the knowledge and experience of the
individuals and not necessarily on age or position. Mentorship can be structured as
in formalized mentoring programs, or it can be unstructured simply by being
influenced by one's supervisor, superior, boss, or colleague. Mentoring can have two
specific functions: (1) as in career and professional development, and (2) as in
psychosocial development where the mentor serves as a role model and provides a
support system for the mentee (American Psychological Association, 2024a). In
some situations both functions can apply. The former addresses professional and
career related issues and the latter addresses more broadly-based life-related issues,
as, for example, in work-life ballance.

Mentoring stages. The stages of mentoring depend on the type of mentoring that
is being considered. For informal mentoring, there really is no structured process.
By way of example, | consider my graduate student supervisor, John C.F.
MacDonald, as well as my first bosses, Harold E. Johns and JohnR. (Jack)
Cunningham, of the book The Physics of Radiology fame (Johns, & Cunningham,
1983), to be mentors simply by being role models and examples in terms of guidance,
leadership, and decision making. Informal mentoring evolves naturally without any
defined or formal structure. Such informal mentoring has no formally defined roles
for the individuals involved; it just evolves organically, primarily from the mentee's
perspective. The mentors may not even recognize that they are providing a
mentorship role. A limitation of informal mentorship is that not everyone has such
mentors in their circles. Thus, it is very happenstance with this working for some but
not for others. Seeing that informal mentorship is stochastic, it is useful for most
individuals to be involved in more formalized mentorship programs (Afya Bora
Fellowship ..., 2018; Alberta Mentorship Program, 2020).

Various authors have described various stages in a mentorship process. This is
my summary of these stages based on what | have seen described by others and my
personal experience. Clearly, there will be a variation on these stages, dependent on
the specific circumstances. This also varies with the nature of the organizational
structure behind the mentorship program. For example, is it self-organized by the
mentee or is there an organization (e.g., a university, or a medical physics society)
that is providing a structured mentorship program in which help is provided in
matching mentors and mentees and guidance is provided for the entire process? |
summarize these stages as follows: (1) Defining the purpose of the mentorship;
(2) Finding mentor/mentee partners; (3) Setting the scene; (4) Engagement;
(5) Evaluation; (6) Redefinition; (7) Separation.

1. Purpose of Mentorship. For both the mentee and the mentor it is important to
understand at the outset what the purpose of the mentorship is. Examples could
include: (a) to improve the employee's skill level; for medical physicists this could
include anything from enhancing treatment planning skills to advancing radiation
measurement skills, or more generally, enhancing all practical skills relevant for a
practicing clinical physicist; (b) to developing leadership capability; (c) to act as a
role model for addressing life skills, e.g., work-life balance, or career development
considerations; and (d) to build self-confidence in, for example, public or local
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presentations. At this stage, it also helpful to define some endpoints that describe the
success of the mentoring activity.

2. Finding Mentor/Mentee Partnerships. The mentor/mentee matching process
depends on the organization behind the mentorship program. For informal mentoring,
this process can evolve through professional or social interactions. Potential mentees
can search for experienced or successful people whom they admire as role models.
Formal mentoring programs, likely will use some form of questionnaire or survey to
guide the matching, using demographic, knowledge, and experience variables. For
example, if radiation therapy equipment commissioning and quality assurance is a
major focus of the mentoring, then one might want to use one component of the
matching process as the nature of the equipment in both the mentor's and mentee's
departments. The more aligned the departments are from a technology perspective,
they more detailed the discussion can be between mentor and mentee.

3. Setting the Scene. The first step by the mentor and mentee is to jointly develop a
written mentorship agreement, which clearly outlines (University of lowa, 2021): (1) the
purpose and expectations, (2) frequency, length, and format of meetings, (3) review
process, (4) length of time of mentorship commitment, and (5) rationale for termination.

4. Engagement. This is the mentoring stage of learning and development to
accomplish the goals established at the outset of the process. The mentor teaches the
mentee lessons gained from the mentor's experience. In turn, the mentee might teach
the mentor lessons related to new technologies, methodologies, or emerging issues
in medical physics.

5. Evaluation. As part of the development of the mentorship process, clear
objectives along with definable and measurable endpoints provide guidance as to the
success of the mentorship program. Thus, the evaluation should assess whether the
mentorship is meeting its objectives. Successes and limitations should be discussed
at predefined intervals and adjustments should be made as appropriate.

6. Redefinition. This is directly related to the evaluation. At this stage, the review
addresses the successes and weaknesses of the mentoring process, and whether the
process should continue as is, or whether the purpose should be redefined, or whether
the engagement process should be altered. In other words, this might be a
renegotiation of the original agreement to establish a modified mentorship
agreement, or to bring the mentorship to a close. Frank, open and professional
discussion will decide how to proceed with or finish the mentorship.

7. Separation. The separation stage occurs when the mentorship ends, possibly because
the mentorship has accomplished its goals, or because the individuals no longer want to
continue with the process. Note that ending the relationship is not a sign of failure; it could
simply mean that the original purpose of the mentorship has been fulfilled.

Etiquette of mentoring. Note that mentors and mentees will have had different
backgrounds and experiences. Because of the variations in mentoring processes,
some broad suggestions can be considered as guidelines to make the relationship
feel comfortable and valued. Table 1 gives some broad dos and don'ts to consider
in this context.
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Table 1

Example mentor and mentee dos and don'ts as etiquette guidelines
(adapted from (American Psychological Association, 2024a,b;
National Society of Professional Engineers, 2024))

Mentor Dos

Mentor Don'ts

Do provide mentorship only in your areas
of expertise. Suggest other mentors as
resources outside your expertise or when the
attempted mentoring relationship is not
working.

Don't take on more mentees than is
realistically manageable.

Do indicate openness to being a mentor.
Be accessible to the mentee.

Don't treat mentees as free labor.

Do maintain clear, distinct boundaries with
the mentee. Set clear expectations.

Don't make personal requests of the
mentee.

Do treat the mentee professionally and in an
ethical fashion. Be thoughtful and sensitive
about the mentee's feelings and time.

Don't gossip about the mentee. Maintain
total confidentiality.

Do model professional behavior.

Don't micromanage the mentee. Provide
advice and counsel, but do not direct the
mentee to take specific actions.

Do respect your mentee's time as much as
your own.

Don't assume that your schedule always
has priority.

Do be explicit about the 'norms' for your
meetings and your own needs and limits
(e.g., time, style of interfacing, etc.).

Don't make your mentee guess or learn
by trial and error, about the ground rules
for your meetings.

Do always ask if you can make a suggestion
or offer feedback.

Don't automatically give advice or
criticism.

Do set specific goals and expectations for the
mentoring relationship. Clearly communicate
what you want from the relationship.
Maintain distinct boundaries and understand
what the mentor expects.

Don't expect the mentor to make
decisions for you. Learn to resolve
problems and issues independently of
the mentor.

Do be proactive. It is the mentee's
responsibility to maintain contact with the
mentor and schedule future interactions.

Don't take advantage of the mentor.
Respect the mentor's time and help.

Do treat the mentor professionally and in an
ethical fashion. Be thoughtful and sensitive
about the mentor's feelings and time.

Don't gossip about the mentor.

Don't take rejection or termination
of a mentoring process personally.

Virtual mentoring. Matching mentor and mentee from the same institution is
not always possible, especially in contexts where departments are small, or where
available expertise is limited. In this case, virtual mentoring might provide a solution,
where the mentoring takes place using information communication technologies
(ICTs). Medical Physics for World Benefit (MPWB) has recently undertaken a
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global survey of medical physicists to determine the preferences and needs for virtual
mentoring especially in the context of resource limited environments. The survey
had nearly 400 responders (68 % male, 32 % female) from 76 countries with 66 %
from high-income countries and 32 % from low- and middle-income countries. Data
were obtained on experience level both as mentors and mentees. Eighty-three percent
were interested in participating in a mentorship program either as a mentor, mentee
or both. The results of this survey provided important considerations to inform the
development of a successful and sustainable virtual mentoring program for medical
physicists. Nearly all respondents agreed that it is important to have clear
expectations formalized at the initiation of the mentoring process. Preferences were
given to meeting once every 2—4 weeks for 30—60 minutes to discuss and help solve
specific problems, to address clinical questions and detailed clinical implementation
procedures. A regular review process should be established as part of the mentoring
agreement. Mentorship training was considered important for both mentors and
mentees. MPWB will be implementing a formalized mentorship program in support
of advancing medical physics especially in lower income contexts. If interested, keep
an eye on the MPWB website (www.mpwb.org).

Discussion and conclusions

Mentoring can be a useful process for advancing the knowledge and experience
of individual medical physicists for the safe and effective implementation of
technologies and techniques for imaging and therapy. While mentoring has often
been performed with little structure, this review provides relevant considerations for
the implementation of a more rigorous mentorship program leading to an efficient
structured mentorship activity.
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HACTABHUITBO A4 MEAUYHUX ®I3UKIB: KOJIU TA AK?

OceimHi npozpamu 3 meduyHoi pi3uku ModxCcyms 6ymu o6MedHceHi JIOKAAbHUMU
suK/iadaysKumMu pecypcamu ma JdocmynHuUMu mexHoa02iamu. CydyacHi mexHo.102ii
gizyanizayii i mepanii po3susaiomscsa wWEUIKUMU Mmemnamu, Wo nompe6ye nocmitiHoi
niompumku Has4aHHA 0415 iX 6e3ne4Ho20 U eheKMUBHO20 8NPOBAONHCEHHS 8 KIHIYi.
HacmaeHuymeo Hadae sadicausuil pecypc 0151 3an08HEHHS YUX 0C8IMHIX npoz2aauH ma
OHOB/1EHHS 3HAHb, W0 HEe0GXiOHI 0151 po3p0O6GKU HOBUX MemOJUK i 8NP08AJHCEHHS HOBUX
mexHos102iil. CmpyKkmyposaHe HACMABHUYIMB0 Mol#ce 6ymu KOPUCHUM pecypcom Ha 6ydb-
AKomMy emani npomsizom Kap'epu MeduyHo20 pi3uka, Xoya KOHKpemHa Mema
HacmasHuymea, imosgipHo, 6yde pi3HOl0, 3a/1eHCHO @8I0 MoMeHmMI8 Kap'epHOI
nocsaidosHocmi. OnucaHo ciM emanie cmpykmypoeaHoi npozpamu HacmasHuymea ma
desiki ekazieku do cmilikoi if ycniwHoi peanizayii iiozo disbHOCMI: 8U3HaAYEeHHs Memu
HacmaeHUymaea; nouwlyk napmHepie d/11 HacmagHuka / nidoniYHUX; CMeopeHHs1 yMO08 04151
npoeedenHsi; 3200a CmMOpiH;  OYIHIOBAHHS;  nepeBU3HAYEHHS;  8I00KpeM/1eHHS.
3anponoHoeaHo pekomeHdayii 3 emukemy i HA0aHO ne8HIi NOsSACHEHHS1 00 HUX. OCKiAbKuU y
desikux pezioHax Modice cnocmepizamucs dedhiyum HacmaeHUKiI8 i3 Ha1exCcHUM doceidom,
mo gipmyaJ/ibHe HACMABHUYME0 3 BUKOPUCMAHHAM iHmMepHem-mexHo102itl Moxce cmamu
npuiiHAMHOKW aAbmepHAMuUEol. Y3azaabHeHO pe3ysbmamu 241060/16H020 OH/ALIH-
onumyeaHHs1 wjodo eipmyanvH020 HacmasHuymea. CmpykmypoeaHe HACMABHUYMEO
MOJCe crnamu KOpUCHUM pecypcom 015 medudHux hizukie Ha 6ydb-sskomy emani ixHsoi
kap'epu. IlpasuivHe po3yMIHHA SAKHAUKPAWO20 CNPsSIMyBAHHSA 8 MAKUX NPO2pamax
HacmasHuymaea 36i1swums ixHi nepesazu.

KnwyoBi ciaoBa: HacmasHuymeo, emanu HacmasHuymea, emukem y HAcmas-
Huymei, gipmyasbHe HACMABHUYMBO, W0 MOMCHA [ 4020 He MOXMCHA po6umu e
HacmaeHuymei, Medu4Ha pizuka.

Uien nporpamHoro komitery 5. Ban [laiik 3asiBi1si€ mpo BiCyTHICTh KOHQIIIKTY iHTEpECIB Ta HEBTPYYAHHS B ITPOLIEC
OLIHIOBAaHHS 11i€1 CTATTI BIAMOBIHO O MDKHAPOIHUX CTaHIAPTIB MmyOiikawiiiHol etrku. CrioHcopy He Opaiu ydacTi B
PO3pOOIIEHHI JOCII/DKEHHS; Y 300pi, aHai31 UM iHTepIpeTalil JaHUX; Y HAaIMCaHHi PyKOIKCY; B PillIeHH] IO MyOJIiKallito
pe3yJbTaTiB.
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HOW TO PREPARE FOR AI IN MEDICAL PHYSICS

By increasing diagnostic precision, streamlining treatment regimens, and boosting
patient outcomes, the incorporation of Artificial Intelligence (Al) into medical physics holds
the potential to completely transform the healthcare industry. This short article examines
the most recent developments and uses of artificial intelligence (AI) technologies,
emphasizing on Imaging, Therapy, and Quality Assurance. As far as imaging is concerned
the article elaborates mainly on the applications of Al in CT, MRI, and PET images, but also
ultrasound, mammography, and radiography. Therapy is one field that needs Al more than
any other, as this article explains. Finally the applications of Al in Quality Assurance, are
excellent tools for the Medical Physicist (MP), and the reasons for this, are explained.
Whether or not there are any risks associated with the clinical application of Al-based tools
is examined and which risks these might be. Challenges and ethical considerations, which
according to many researchers are of the utmost importance, are also examined briefly.

Keywords: medical physics, artificial intelligence, imaging, therapy, quality assurance.

Introduction

Artificial intelligence (Al) is changing many industries and completely changing
how humans interact with technology. Fundamentally, artificial intelligence is the
creation of computer programs that can carry out operations that would normally need
human intelligence. This covers the ability to solve problems, make decisions,
comprehend language, and even perceive visual stimuli. It's critical to realize that
Artificial Intelligence (Al) is a broad term that covers a variety of technologies,
including robots, machine learning, neural networks, and natural language processing.

One can understand artificial intelligence's significant influence on our daily lives
and its potential to spur innovation in industries like healthcare, banking, and
transportation by delving into the meaning of the term. One needs only to examine
the rise of Al in any field, in Radiology for instance, and will instantly see the
tremendous rise of its applications. Vision Research Reports in 2022 have predicted
that by 2030 Al in Radiology Market will reach the amazing figure of 517 million
USD, as shown in Fig. 1 below. Artificial intelligence is laying the groundwork for
a more intelligent and productive future through systems like intelligent assistants,
automated customer support, and sophisticated data analysis.

One widely used definition of Al, is that it is a field of computer science that focuses
on developing computers that can carry out tasks that typically require human
intelligence. In other words Avrtificial Intelligence, is the process of creating models
and algorithms that let computers identify patterns, learn from data, and make
judgements. This field includes several subfields, such as natural language processing,

© Kaplanis Prodromos, 2024
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which enables machines to comprehend and produce human language, and machine
learning, which allows systems to become more proficient via experience.

540 $5178

$315.49

§ 192 22
$150.04

§117.12

§91.42

2022 | 2003 W 2024 W 2025 W 2026 | 2030 |
Fig. 1. Radiology Market Size 2021 to 2030 in USD, (Vision Research Reports, 2022)

Medical Physics is undergoing a revolution thanks to Al, which has the
unmatched potential to improve diagnosis and treatment by analyzing enormous
volumes of data. Clinically qualified Medical Physicists (CQMPs) will be essential
in guaranteeing the safe and efficient application of Al-based technologies as they
continue to gain popularity in the medical field.

Applications of ai in medical physics. Imaging. The primary goal of applying
Al and Machine Learning (ML) to imaging is to assist medical professionals in
making disease diagnoses. One of the earliest uses of these new methods in the field
of imaging is computer-aided diagnosis (CAD), which integrates machine learning
classifiers that are trained to discriminate between lesions and healthy tissue (Avanzo
et al., 2021). When ML was used to combine Computer Tomography (CT) textural
data, lung CT results showed a high degree of accuracy in differentiating between
invasive and less invasive lesions and malignant lesions.

By extracting many image features-up to a few hundred or thousands —
guantitative analysis of radiological images — mainly CT, Magnetic Resonance
Imaging (MRI), and Positron Emission Tomography (PET) images, but also
ultrasound, mammography, and radiography — can be combined with ML classifiers
to create prognostic and predictive models in the relatively new field of radiomics.

To shape lesions or organs, deep learning algorithms can directly learn the
structure labelling of each picture voxel through a process known as semantic
segmentation. PET-CT hybrid imaging has shown that U-net, one of the most widely
used Depp Learning (DL) architectures for image segmentation, can automatically
distinguish between lung tumours and lung parenchyma. The advantages of DL
versus ML are shown in Fig. 2 below.
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Fig. 2. Machine Iearnmg requires manual feature designing
before the training of the algorithm can start.
Deep learning combines feature extraction and the training
of the algorithm using a neural network (Fortunati, 2022)

Patients' dose estimation is essential to the optimisation of clinical imaging
protocols because it enables the dose to be matched with image quality. Dose to the
patient can be automatically determined by DL in CT, Single-Photon Emission
Computed Tomography (SPECT), and PET. Skin dosage estimate using DL has been
proposed in interventional radiology. ML could be used to identify exams that hold
potential for dose reduction by adjusting the acquisition parameters, as well as
predict the volumetric computed tomography dose index (CTDIvol) in chest CT
based on scan patient metrics (scanner, study description, protocol, patient age,
gender, and water-equivalent diameter (DW)).

Improving image quality is another essential component of patient dose
optimization since it permits dosage reduction while maintaining the same level of
quality. By incorporating Al algorithms into imaging technologies, patient dose can
be decreased while also increasing imaging quality. DL techniques have been
applied to enhance the quality of PET images, lower noise levels, eliminate streak
artefacts from CT scans, and provide new methods for reconstructing tomographic
images with less recorded data. A generation of synthetic images, such as virtual
contrast-enhanced images, stiff/deformable intramodal and multimodal image
registration, and the extraction of the respiratory signal that could be used for
breathing motion compensation of images are other promising applications.

Al in interventional radiology uses patient characteristics and picture texture to
predict tumour response to transarterial chemotherapy embolisation. In the future,
intra-procedural fluoroscopy and high-resolution preoperative magnetic resonance
imaging could be superimposed using real-time registration DL algorithms. This
would help minimise damage to nearby structures and guide doctors during catheter
manipulation for the purpose of estimating ablation margins.
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As far as interventional cardiology is concrned new research shows Al-based
automated quantitative coronary angiography (Al-QCA) holds promise for accurate
analysis of heart disease, as shown in Fig. 3 below.

Fig. 3. A representative case in which artificial intelligence-based quantitative
coronary angiography (AI-QCA) showed a good correlation with intravascular
ultrasound (IVUS) observation (DAIC, 2023)

(DRD: distal reference diameter; %DS: percent diameter stenosis; LAD: left anterior
descending artery; LCX: left circumflex artery; MLD: minimal luminal diameter;
PRD: proximal reference diameter; RCA: right coronary artery; Ref.D: reference diameter)

Al has the potential to identify progress or recurrence at an early stage in
longitudinal investigations by detecting tiny changes between images throughout
treatment follow-up. Al can assist the specialist in diagnosing ocular problems like
age-related macular degeneration, diabetic retinopathy, and others in the imaging
fields of ophthalmic imaging, such as fundus digital photography and optical
coherence tomography. Other fields of study include rheumatology and cardiology,
which have a lengthy history of using Al applications to study and detect
rheumatological symptoms, bone erosions, and cartilage loss.

Al is now widely used for tumor identification, subtyping, grading, staging, and
prognostic prediction. This is mostly because of the advancement of computer vision
algorithms and digital pathology, which was made possible by the emergence of
whole-slide scanners. Proteomics and genomes may be combined in pathological
diagnostics in the big-data era. A novel field called "spatial metabolomics™ uses mass
spectrometry and other imaging techniques to measure the distribution of molecules,
including medicines, lipids, and metabolites, within bodily structures. Each pixel is
represented by its mass spectrum. This technique appears interesting for the use of
Al because it is characterised by a significant amount of high dimensional data,
including overlapping and noisy chemical signals. Future Al applications could also
concentrate on computer vision, which deals with digital picture feature and object
recognition, and virtual assistants, which use speech recognition in radiology,
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neuroradiology, and other fields. Al-generated data could improve the operator's
view of the operating room environment through augmented reality.

Therapy. Machine Learning can be helpful for several tasks during the complete
radiation treatment process, beginning with selecting the best radiation strategy, such
as selecting contrast between photons and protons. Targets and organs at risk in
radiation can be automatically segmented by a Convolutional Neural Network
(CNN). ML-based auto-planning aims to reduce inter-user variability and improve
quality and efficiency by simulating the iterative plan design, evaluation, and
modifications made by skilled operators.

In order to establish achievable dose constraints or dose distributions that can be
used to benchmark the quality of plans, knowledge-based approaches make use of a
large database of previous treatment plans-up to thousands — to establish associations
between geometric and dosimetric parameters from a selection of prior plans. For
brachytherapy, ML-based autoplanning was also created. To expedite the process of
determining the optimal dose distribution from the patient image, DL can forecast
the dose distribution from radiation therapy treatment. ML was used to forecast
intraoperative radiation dose in vivo and brachytherapy dose.

Dosomics, the use of radiomics or DL to analyse the dose distribution and then
adjust it into a biologically effective dose to take into account various fractionations,
has been studied recently for its potential to forecast radiation therapy adverse
effects. Cone-beam CT (CBCT) scans obtained for image-guidance of radiation
treatment can also be subjected to radiomics, which makes these scans valuable for
data mining. A significant issue with radiation therapy is the patient's changing
anatomy throughout treatment, which may lead to unintended dose adjustments.
Rearranging the course of treatment is necessary in this instance. ML is able to
recognise notable anatomical changes in patients during radiation therapy and
forecast which patients will benefit from Adaptive Radiation Therapy (ART). A
model classifier is depicted in Fig. 4 below, which uses imaging to distinguish
between benign and malignant breast tumors. A recursive feature elimination and
reduction method was used after many radiomic characteristics were first computed
and the highly correlated features, the zero and near-zero variance features, were
removed. Eleven features are identified as being at the saturation point by the model
performance shown above. The blue curve (right) depicts the model's error function
across the number of features, whereas the red curve (left) shows accuracy versus
feature count. Using eleven imaging features in this case results in good accuracy
and minimizes the error function.

Eventually, sensitive/resistant tumour sub-volumes that require a greater (or
lower) dose may be detected using data from radiomics voxel-based analyses. This
will allow for dose painting based on a "Radiomic Target Volume" (RTV).
Radiometabolic therapy using sealed (microspheres, etc.) or unsealed
(radiopharmaceuticals) sources is becoming more and more significant in nuclear
medicine. By taking into consideration the architecture, activity distribution, tissue
density, and planning of the patient, Al can enhance dosimetry by anticipating
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treatment response, delivering the maximum dose to the target organ while sparing
vital organs. The robustness of dosomic techniques has been investigated through
methodological investigations.

Maodel Performance over Number of Features Model Performance over Numter of Features
Benign v Malignant Breast Lesions

Optirad Naroer of
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Fig. 4. Feature selection for radiomics

Quality Assurance. The International Organisation for Standardisation defines
Quality Assurance (QA) as a system that guarantees the quality of a certain process,
service, or product. The system's quality is determined by how well it satisfies
requirements, which are needs or expectations that are expressed but typically
implied or required, preventing errors and flaws. A product or process's description,
measurement, analysis, improvement, and control are all achieved through the use
of quality controls, or Quality Control (QC), tests. QC processes are utilised in
radiological sciences to ensure that diagnostic and therapeutic devices and
procedures, as well as clinician support systems, are verified and monitored. Al has
the potential to automate quality control QC tasks that would be too time-consuming
and impractical to complete by hand on a regular basis.

Without human assistance, Al quality control systems might be trained to become
more accurate over time and create new tests. A major portion of the MP's work is
quality assurance of radiotherapy (RT), which aims to prevent radiological incidents
and incorrect radiation dosage administration. Several ML techniques have been
investigated to forecast treatment plan errors in order to automate plan chart checks.
To find faults in prostate plans, a K-means clustering algorithm was used to learn
from previous plans.

Risks associated with the clinical application of ai-based tools. Al is a hot
issue for clinical study and discussion, although there aren't many implemented Al-
based solutions in use in clinics overall. There are several obstacles to overcome in
the clinical, technological, safety, ethical, privacy, and regulatory domains when
implementing Al in healthcare. If these issues are not resolved, they may act as a
roadblock to more widely used Al in healthcare settings. Possible reasons for the
caution around broader implementation of Al-based applications include the real
risks of unintended and negative consequences, the lack of diversity, standardization,
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and harmonization of data elements used to develop and train the Al-based models,
the difficulties in their clinical implementation, validation, and quality assurance, the
legal and ethical issues, and the lack of specialized education and training of the
involved health professionals, (IAEA, 2023).

Challenges and ethical considerations. Although integrating Al into medical
physics has revolutionary advantages, there are drawbacks and moral dilemmas to
be resolved. Critical issues that require close consideration include preserving patient
data confidentiality and privacy, mitigating algorithmic bias, and preserving
transparency in Al decision-making procedures. The responsible and long-term
application of Al in healthcare requires striking a balance between innovation and
moral issues (Bollmann et al., 2024).

Discussion and conclusions

Al has the potential to broaden Medical Physicists' areas of expertise by
extracting even more data to enhance medical care, and Medical Physicists are
prepared to embrace the Al revolution. However, the Medical Physicists' expertise
will be necessary for the safe and successful use of Al, particularly in the field of
radiological sciences, and their participation in the multidisciplinary Al team is vital.
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IITYYHOI'O IHTEJIEKTY B MEJUYHIU ®I3UILI

BnpoeadiicenHsa wmy4Hozo iHmesaekmy (LUI) y meduyHoi d¢hisuku modice noeHicmio
3miHumu cgbepy 0xopoHu 300po8’ss 3a80sKuU nideuujeHHI0 diazHOCMUYHOI Mo4YHOCMI,
onmumizayii cxem J/IKY8aHHs mMa NOKpAujeHHI0 pe3y/sbmamie AIKyeaHHs1 nayieHmie.
IIpoanasizoeaHo HailiHoGIWI po3po6KU ma 3acmocy8aHHs MeXHO.102ili Wmy4yHo20 iHmesekmy
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3 HAOAHHAM 0c€06/1UB020 3HAYEHHS1 came gi3yaaizayii, mepanii ma 3a6e3neyeHHI0 AKOCMI.
Iodo 3acmocyeanHs LIl y sizyanizayii 30e6i16wozo po3zaaHymo mexvoaozii KT, MPT i ITET,
y/bsmpa3eykoeoi inmpockonii, mamoezpadhii ma penmeernoepadpii. IlosicHeHo, womy mepanis - ye
cipepa, sika HaliGinswe nompeaoye 1. [TokazaHo, wjo 3acmocysanHs LI e 3a6e3neveHHi skocmi
€ 4ydoguM iHCMpYyMeHMoM 03151 medu4yHo20 (pizuka (MP). BugueHo icHy8aHHs pu3ukie, wjo
Nnoe'sA3aMi 3 KAIHIYHUM 3aCmMoCcy8aHHAM IHcmpymeHmie Ha ocHoeai 1lIl. Kopomko po32as1Hymo
BUK/UKU ma MIPKy8aHHsA wjodo emu4yHocmi, fKi, Ha OJYyMKy 6a2amvoXx J0c/a1i0HUKIS,
Had3eu4aiiHo eaxcAusi,

Knw4yoBi cuoBa: meduuHa gizuka, wmyuHull inmesnekm, gizyasizayis, mepanis,
3a6e3ne4eHHs AKOCML.
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The field of radiotherapy is pivotal in contemporary cancer treatment, necessitating
comprehensive training programs to cultivate skilled professionals. This paper explores the
essential components of radiotherapy training, encompassing theoretical education,
practical experience, and the integration of new technologies, as implemented in an
introductory Radiotherapy Physics course within the MSc Medical Radiation Physics and
Technique program at the University of Plovdiv "Paisii Hilendarskii". Additionally, it
addresses the challenges and advancements in the field, highlighting the importance of
continuous education and professional development.
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Introduction

Short notes on the Medical Physics Education in Bulgaria. Over the past
decade, the field of Medical Physics has experienced a notable increase in popularity,
largely attributed to its formal recognition as a profession by the International Labour
Organization (ILO) in 2012. Radiotherapy, an essential modality in cancer treatment,
utilizes high-energy radiation to target and destroy malignant cells. The efficacy of
radiotherapy is critically depending on the expertise of trained professionals who
design and implement individualized treatment plans. This is a domain where the
skills of medical physicists are extensively applied and highly valued. Consequently,
training students in radiotherapy is of paramount importance.

Although Medical Physics training is no longer a novel concept, its development
in Europe underwent a comprehensive process of international law harmonization
beginning in 1994 at the European Conference on Post-Graduate Education in
Medical Radiation Physics (Roberts, Tabakov, & Lewis, 1995), and only recently
concluded. Bulgaria has been actively involved in this process and was among the
first countries to implement a structured approach to graduate and postgraduate
Medical Physics education. It was established during the last decade of the
XX century at the University of Plovdiv "Paisii Hilendarski", at the University of
Sofia "St. Kliment Ohridski", at and at the University of Shumen "St. Konstantin
Preslavski" (Dimitrova, Hristov, & Milieva, 2011; Litov, & Dimitrova, 2010). The
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programs in Plovdiv and Sofia are only active at the time being. However, the scope,
duration, and emphasis of their curricula vary, as they fall under the academic
authority of each university, resulting in a lack of a centralized and unified approach
to the skills and knowledge imparted during education (Iumutpoa, 2014).

Two Postgraduate Specializations were delivered by the National Center for
Radiobiology and Radiation Protection, Ministry of Public Health, since 1982 —
Medical Radiological Physics and Medical Sanitary Physics (Minister of Health.
(2018). Currently the postgraduate programs for medical physicists are running at
the Medical University of Sofia and at the Medical University of Varna.

Recently a joint MSc program in Medical Physics in English was established
between the two main academic institutions in Bulgaria — the University of Sofia and
the University of Plovdiv (Todorka, & Dimitrova, 2021). It has combined the
advantages of both universities' programs and has involved the best lecturers and
clinical specialists. Since the joint program is in English, both universities have kept
their original and slightly different programs in Bulgarian.

The involvement of qualified experts in Radiation Protection during any activity
with ionizing radiation in Bulgaria, including medical applications, is mandated by
EC Directive 97/43/Euratom (European Commission, 1997). The academic
education and training in Medical Physics (MP) is aligned with the EFOMP and
IOMP Policy Statements (European Commission, 1997; EFOMP, 1984a, 1984b,
1998; IOMP, 2012a, 2012b). The statute of Medical Radiological Physicists is
established through state regulations for Standard in Radiotherapy (IOMP, 2012b)
and Standard in Medical Imaging (MunucTbpa Ha 3apaBeonasBanero, 2021), and the
regulation for Radiation Protection in Medical Treatment of the Personnel
(Munuctspa Ha 37paBeonaspanero, 2018).

According to IOMP Policy Statement No. 2, the minimum educational
qualification for a Medical Physicist is a university degree or equivalent (level
corresponding to a master's degree) majoring in medical physics or a related
scientific field (IOMP, 2012b). This also includes requirements for professional
training and certification. Recently, the medical physics community in Bulgaria has
achieved this standard.

In 2022 the professions "Physicist, Medical Physics" (code 21117026) and
"Physicist, Medical Physics Expert" (code 21117027) were incorporated into the
National Classification of Occupations and Nominations (NCPD) under the proposal
of the University of Plovdiv and the University of Sofia. This inclusion was
supported by the Bulgarian Society of Biomedical Physics and Engineering
(BSBPE), The Union of Scientists in Bulgaria — Plovdiv (USB — Plovdiv), the
National Center for Radiobiology and Radiation Protection (Ministry of Public
Health), and the Medical Universities Hospitals in Plovdiv and Sofia.

The profession "Physicist, Medical Physics" requires a master's degree in medical
physics. The profession "Physicist, Medical Physics Expert" requires a master's
degree in medical physics, and a three-year postgraduate specialization, including
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5 years of clinical practice after that. The specializations in Radiation Medical
Physics are dedicated to Medical Imaging, Nuclear Medicine and Radiation Therapy.

In recent years, practical training in radiotherapy at the university level was
limited for various reasons. Our students visited the Radiotherapy Clinic at the Saint
George University Hospital for Active Treatment, where they were introduced to all
facilities, including accelerators, Cyberknife, and treatment planning rooms. They
had opportunities to discuss different issues with clinical medical physicists and
radiation therapy doctors. Many students prepared their diploma theses at this clinic.
However, only graduates employed in a radiotherapy department were able to
perform hands-on training in treatment planning.

We have recently adopted a new approach to involve students more actively in
practical sessions. In this paper, we provide an in-depth analysis of the training
program, methodologies, and challenges faced in preparing students for careers in
radiotherapy, as implemented in the introductory Radiotherapy Physics course within
the MSc Medical Radiation Physics and Techniques program at the University of
Plovdiv "Paisii Hilendarski". The training was conducted at the Radiotherapy and
Radiosurgery Department of Pulmed University Hospital in Plovdiv.

Overview of the Radiotherapy Physics Course at the University of Plovdiv
""Paisii Hilendarski**. The MSc program in Medical Radiation Physics and Techniques
at the University of "Paisii Hilendarski" was introduced in 1997 as part of the EC
TEMPUS S-JEP09826 PHARE project (Roberts, Tabakov, & Lewis, 1995). The current
MSc program has preserved the TEMPUS core courses while adapting to the recent
development in this field and the new accreditation requirements (Dimitrova, 2014a,
p. 127-130; Dimitrova, 2014b, p. 254-261; Dimitrova, 2015).

During the past decades, Radiotherapy Physics curricula have focused
predominantly on theoretical disciplines. While this approach provides Medical
Physics graduates with a good understanding of the theoretical principles underlying
Physics application in medicine, it leaves them somewhat lacking in practical skills,
creating a gap between university-level training and the hands-on abilities required
for a successful career in radiotherapy. Recently, several new radiotherapy sites were
established in Bulgaria, and existing departments have upgraded their facilities with
modern radiotherapy equipment. This development has significantly increased the
demand for skilled medical physicists in the field. As educators, we felt a
responsibility to update and enhance the existing Radiotherapy Physics course
curriculum. Our goal was to align it with contemporary advances in modern
radiotherapy and to make it more relevant to the current needs and requirements of
the radiotherapy physics profession. The MSc program in Medical Physics is
structured as a three- or four-semesters education, depending on the prior training of
the enrolled students. Students without fundamental Physics background
(Chemistry, Biology and Engineering) are required to undertake an additional
semester of coursework. The Radiotherapy Physics course is offered in the second
semester of the first year, comprising 30 hours of lectures, 15 hours of seminars and
15 hours of practical training.
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Aiming to enhance the learning experience, each lecture adhered to a
standardized structure: a brief outline of the scope, clearly stated learning objectives,
a comprehensive and systematically organized exposition of the topic under
discussion, and several slides at the end, summarizing the key points.

The initial part of the course maintains a predominantly theoretical focus.
However, basic topics covered in detail in previous modules of the MSc program
were reduced or excluded altogether. Main topics included a brief summary of
interactions of ionizing radiation with matter, presented from the perspective of their
significance in the range of modalities used in radiotherapy, basic properties of
clinical photon and electron beams, and essential radiobiological consepts such as
fractionation rationales and the LQ model. Cobalt-60 teletherapy machines and
orthovoltage X-ray units were also included, however the focus was on
contemporary linear accelerators, including C-arm and ring linacs, Cyberknife, and
specialized systems for radiosurgery.

The second part of the course was focused on the practical aspects of the medical
physicist's role and responsibilities in radiotherapy. It included a detailed
demonstration of the workflow in a radiotherapy clinic, starting from the initial CT
scan of the patient to the final treatment delivery. Emphasis was placed on the use of
various imaging modalities for volume contouring and patient position verification.
Additionally, a specialized lecture was also delivered to address the various types of
planning tools and strategies available, as well as the procedures for preparing
dosimetric plans for common treatment sites such as pelvis, breast, head-and-neck,
etc. Students were also introduced to basic concepts in advanced treatment planning
and delivery techniques such as intensity-modulated radiation therapy (IMRT),
volumetric modulated arc therapy (VMAT), image-guided radiation therapy (IGRT)
and surface guided radiation therapy (SGRT). Finally, a dedicated lecture on quality
assurance (QA) was added to the curriculum, covering basic concepts in quality
management in radiotherapy.

Practical Session. A significant modification introduced this year in the
Radiotherapy MSc course was the reorganization of practical sessions. The
specificity of practical training necessitates close cooperation with hospitals, which
is often arduous to implement. This poses several challenges in ensuring students
receive adequate practical experience. In previous years, practical sessions were
conducted as formal visits to clinical radiotherapy departments, where students
observed key workflow points. The sessions were conducted by members of the local
medical physics staff, typically individuals with extensive work experience but
limited academic skills. These staff members were responsible for selecting the
topics and information to be included, as well as determining the manner in which
they were presented.

This year, a more integrated approach was adopted to bridge the gap between
theoretical knowledge and practical skills. The practical sessions were conducted in a
new radiotherapy center at Pulmed University Hospital, experienced in all major modern
radiotherapy applications. Importantly, the sessions were led by Plovdiv University staff
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rather than local medical physicists, thus ensuring better coherence between the lectures
and practical training. The practical session was divided into five parts as follows.

1. Linear accelerator construction and principle of operation. The department
was equipped with two linear accelerators: a C-arm linac specifically designed for
radiosurgery treatment and a fast-rotating O-ring linac (Fig. 1). Students had the
opportunity to examine both types of accelerators, including inspecting some of the
internal components, discussing the functions of the main parts, and assessing the
differences between the two designs.

Ko

Fig. 1. O-ring linear accelerator Halcyon - view under the covers

2. Patient pathway in a radiotherapy department. Students participated in a
comprehensive tour of the department, which followed the entire radiotherapy
preparation and delivery process. At each stage, detailed explanations and
demonstrations were provided to elucidate the procedures involved. The main steps
of the tour are listed below.

CT-scanning: Discussion of main differences between diagnostic and
radiotherapy scanners, main scanning parameters and reconstruction options.
Demonstration of different pieces of immobilization equipment, their construction,
functionalities and application (Fig. 2). Discussion of workflow: immobilization,
CT-scanning, patient mark-up, CT image reconstruction and image transfer to the
treatment planning system.
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Fig. 2. Demonstration of head-and-neck immobilization

3. Visual demonstration of basic properties of photon and electron beams. The
basic properties of clinical photon and electron beams were comprehensively
discussed during the lectures, particularly regarding the dependence of dose
distribution on source-to-surface distance (SSD), depth of irradiation, beam energy,
and field geometry. A visual demonstration was conducted using a digitally
generated water phantom in the treatment planning system to illustrate how
variations in these parameters affect the dose distribution.

4. Demonstration of selected Quality Assurance activities. Due to the
constraints on time available for practical sessions in the department, a selected
number of quality assurance (QA) procedures were demonstrated and explained to
the students. These included the integrated daily check of basic linac parameters,
output constancy measurement using an ion chamber positioned in a water-
equivalent plastic phantom, and isocenter size verification for gantry and collimator
rotation (Fig. 3).

Contouring: Summary of planning volumes used in radiotherapy with visual
demonstration of examples for two common treatment sites: lung and prostate.
Summary and demonstration of critical structures relevant to different localizations.

Planning: Review of 3D-conformal planning techniques and demonstration of
example plans for breast and prostate. Demonstration of IMRT and VMAT
optimization process. Basic properties and functionalities of optimization cost
functions. Plan assessment using dose-volume histograms (DVH) for target and
organ-at-risk structures.

Dosimetric verification: Review of basic concepts of dosimetric verification of
the treatment plan. Demonstration of 2D-dosimetric verification using Electronic
Portal Imaging Device (EPID) and gamma-analysis, including typically used clinical
tolerances and interpretation of results.
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Fig. 3. Demonstration of output constancy check with solid water phantom
as part of linac daily

Patient position verification and treatment delivery: review of patient position
verification strategies and demonstration of 2D and 3D-image matching techniques.

5. Manual calculation of monitor units (MU) required to deliver prescription
dose to the target.

While it is acknowledged that in the contemporary era of fully computerized
treatment planning, the need to manually calculate the monitor units (MU) required to
deliver a prescription dose to a specific point within an irradiated volume is rare, the
authors believe that this is a powerful educational tool for consolidating the
understanding of dose dependence on various treatment parameters. Therefore, it was
included in the course both as part of class discussion and as a set of individual problem-
solving tasks for students designed to reinforce fundamental dosimetric concepts.

Discussion and conclusions

Summary and Perspectives. The feedback received at the end of the course was
overwhelmingly positive. Learners commended the clarity and systematic
organization of the presentations, which improved their understanding of the
material. The summary slides at the end of each lecture were particularly well-
received, for their role in effectively recapping key points and facilitating review and
retention of the course content.

The practical session garnered favorable responses as well. It provided a valuable
opportunity for trainees to gain a visual and hands-on understanding of the
theoretical knowledge they had acquired. This integration of practical experience
with theoretical instruction was praised for helping learners bridge the gap between
abstract concepts and real-world application, thereby enriching their overall
educational experience.
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Overall, the course was lauded for its comprehensive approach, combining clear and
structured theoretical instruction with practical learning opportunities. This methodology
not only reinforced the learners' understanding of complex concepts but also prepared
them more effectively for professional practice in the field of radiotherapy.

One notable shortcoming of the course was that, despite our best efforts, the practical
session remained primarily demonstrative in nature. Consequently, students did not
receive an adequate amount of one-on-one, hands-on experience. This limitation has
been identified as a critical area for improvement in future iterations of the course.

To address the limitations of the current course structure, the department of
Physics at the University of Plovdiv has recently acquired a commercial treatment
planning system for educational purposes only, thanks to the project EU project
BG0O5M20P001-2.016 — Modernization of higher education institutions,
Operational Program Science and Education for Smart Growth (European
Commission, 2014). The System will be integrated into the curriculum of the
Radiotherapy Physics course. This radiotherapy planning will be integrated into the
curriculum of the Radiotherapy Physics course. Advanced technology will enable
students to actively engage in the creation of treatment plans themselves, rather than
merely observing demonstrations. The inclusion of this system is designed to provide
students hands-on experience, fostering a more interactive and immersive learning
environment. By allowing students to apply theoretical knowledge in a practical
setting, this approach aims to improve their practical skills and better prepare them
for professional careers in radiotherapy. We are confident that the integration of this
new planning system will effectively address existing curriculum limitation and will
address the current limitations and lead to a more comprehensive and effective
educational experience for future cohorts.

Authors' contribution: both authors — Todorka L. Dimitrova and Rada Borisova contributed equally to
this paper in terms of methodology conceptualization, implementation and writing of the manuscript.
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MEDICAL PREPAREDNESS AND PATIENT MANAGEMENT IN SWEDEN

In the light of the current war waged by Russia against Ukraine, the Swedish medical
regulatory authority has asked the Swedish Radiation Emergency Medicine Centre (SREMC,
the national WHO REMPAN liaison institute and an EBMT member dept) to provide advice on
the medical consequences of high exposures to ionising radiation and the management of
highly exposed persons. As a starting point, SREMC used a worst-case scenario (provided by
the Swedish Defence Research Agency) of a nuclear weapon explosion at a Swedish coastal
town. Our advice discussed four situations: 1) Radiation incident at a Ukrainian NPP
(unlikely to seriously affect the Swedish population); 2) Spectator case of a nuclear weapon
explosion in a neighbour country (limited effects for the Swedish population); 3) Requests
for assistance with medical care in Sweden for Ukrainian radiation victims (a possible result
of cases 1 and 2); and 4) Nuclear weapon explosion in Sweden (disastrous consequences for
the Swedish population). We described the likely medical effects and suggested how medical
establishments might prepare for these cases. In a second document, we suggested what
medical countermeasures the authorities should stockpile. Finally, we list some desirable
future developments in radiation emergency medicine.

Keywords: emergency planning, nuclear explosions, radiation harm, ARS, MCM.

Introduction

The Russian full-scale invasion of Ukraine has aroused fears of threats to health
and safety due to radiation incidents at nuclear power plants or even use of nuclear
weapons. Hence the National Board of Health and Welfare (the Swedish medical
regulatory body) has requested the Swedish Radiation Emergency Medicine Centre
(SREMC, which is the national WHO REMPAN liaison institute, and a member
department of EBMT NAC, the nuclear accident committee of the European blood
and marrow transfusion group) to provide information about the medical results of
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high doses of ionising radiation, and advice on how medical institutions could
prepare for the management of affected patients.

Aided by a worst-case scenario of a ground level 100 kton nuclear explosion on
a November weekday with no previous warning, at the small Swedish coastal town
of Nyndshamn, devised by the Swedish Defence Research Agency, Goliath et al.
(2021), SREMC outlined 4 cases to consider in the planning:

1) A radiation incident at a Ukrainian nuclear power plant. Attacks on, or
careless activities at, nuclear installations could, in unfortunate circumstances, lead,
to uncontrolled releases of radioactive material over large areas, with consequences
similar to those after the 1986 Chornobyl accident (UNSCEAR, 2008) or the 2011
Fukushima accident (UNSCEAR, 2022). While such events could become
challenging for people in the Ukraine, it is very unlikely that they would necessitate
in Sweden any health protective actions like sheltering or stable iodine intake. Some
restrictions on foodstuffs and agriculture could become advisable, though.

2) The 'spectator case’ of a nuclear weapon explosion in a neighbour country.
If a nuclear weapon is employed in Ukraine, the local consequences would of course
be very serious, but due to the distance the effects in Sweden would be limited. A
first approximation of the possible results could be gleaned from the "Nyndshamn
scenario' mentioned above. Neither sheltering, relocation, nor intake of stable iodine
would be relevant, but if the weather conditions lead to radioactive fallout in Sweden,
restrictions on foodstuff production may become necessary.

3) Requests for assistance with medical care in Sweden for Ukrainian radiation
victims. Both case 1 and case 2 above could conceivably generate appeals to the
Swedish (and other) governments requesting such assistance. If such a potential
appeal were received, it is reasonable to assume that Sweden would accept a limited
number of patients for treatment and care, either through existing bilateral assistance
agreements, via assistance arrangements which are in place via UN and EU (Swedish
Government, 2024), or perhaps through the EBMT network of some 600 clinics in
Europe  (https://www.ebmt.org/nuclear-accident-committee).  According to
preliminary assessments, a handful of patients with Acute Radiation Syndrome
(ARS) could be treated at highly specialised haematology units in Sweden.

4) A fictitious nuclear weapon ground-level explosion in Sweden. In the
Nynéshamn scenario' referred to above, over 90% of the 14 000 population would die,
primarily due to trauma and burns, but many ARS cases would also ensue. Significant
devastation of the infrastructure and high levels of radiation from deposition of
radioactive particles would make rescue operations practically impossible within a few
km from the explosion site. Depending on weather conditions, radioactive fallout at
longer distances (50—100 km from the explosion site) could also lead to radiation levels
causing lethal acute radiation harm within hours/days/weeks.

A nuclear explosion well above rather than at the ground level would generate
much less radioactive fallout, but would also significantly increase the area where
trauma and burns are induced,
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Medical consequences. 'Deterministic', usually acute, tissue/organ reactions
include skin damage, ranging from erythema and epilation to burns and wounds;
temporary or permanent sterility; antenatal brain damage (but other radiation-
induced malformations are rare in humans); and Acute Radiation Syndrome (ARS)
with haematological, gastro-intestinal, and central nervous system subsyndromes.
Long-term exposures can also lead to a Chronic Radiation Syndrome (Akleyev,
2021). 'Stochastic', late effects include cancer and (very rarely) genetic effects.
Radiation can also contribute to multifactorially determined conditions such as
coronary heart disease. Useful summaries and background information are available
in UNSCEAR (1988), Kai et al. (2020), and Valentin and Stenke (2022).

Symptoms of ARS, or other deterministic radiation harm, depend on the absorbed
dose of radiation. At doses exceeding 810 Gy, nausea, vomiting and disturbed
consciousness will set in within minutes to hours. Palliative care is called for, but life-
saving efforts are regarded as hopeless. At somewhat lower doses the initial prodromal
symptoms are milder and may be followed by some days or weeks with no complaints,
then followed by bleeding and infections due to serious bone marrow failure. For such
patients, adequate hospital care (preferably at specialised haematological units and/or
burns centres in collaboration with other specialists) can be curing and life-saving.

For triage and classification of patients on the basis of prodromal symptoms and
blood tests, the pocket guide of EBMT NAC (2017) and the web applications of
REAC/TS (Oak Ridge Institute for Science and Education, 2021) and REMM (2024)
are recommended. Table 1 summarises data from primarily EBMT (2017) and ICRP
(2005; Stewart, et al., 2012; Kai et al., 2020) for initial assessment of radiation
victims and suggests levels of medical care.

A further medical complication is that in many possible scenarios, radiation
victims are likely to suffer from combined injuries, frequently with surgical trauma
and burns which add to the risk of serious infections and impair the prognosis.
Patients exposed to lower doses, less than about 1 Gy, will not develop ARS. While
not needing hospital care for their radiation exposure, they may need to have their
doses assessed, and be offered outpatient follow-up. There will also be persons with
very low or no doses, some in shock or other extreme stress and some 'worried well'
who will require balanced medical information.

Administrative recommendations. SREMC and the Board of Health and
Welfare also suggested a number of actions to be taken by regional medical
authorities, as listed in Table 2.

Stockpiling of medical countermeasures (MCM). SREMC has also provided
advice to the National Board of Health and Welfare regarding specific pharmaceuticals
that should be stockpiled for acute use in case of a major radiation incident. The advice
does not focus on risks of late harm or long-term needs of medications. Again, the
"Nyndshamn scenario” mentioned above was used as an input to the planning. WHO
(2023) has issued advice on national storage of pharmaceuticals useful in radiological
and nuclear emergencies. The US Food and Drug Administration has approved a number
of pharmaceuticals for radionuclear emergencies under the 'Animal rule', see. Mac Vittie
and Farese (2021) and FDA (2024).
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Table 1

A scoring table for initial asseesment of irradiated patients
and suggested level of care

Level of care | Score | Score |1 Score 111
Clinical Outpatients Hospital care Hospital care
observation” Curing intent Palliative intent
Time from exposureto | <12h <5h < 30 minutes
debut of symptoms
Erythema 0 +/- +++ within 3 h
Asthenia + ++ +++
Nausea + +++ O]
Vomits per 24 h Max 1 1-10 > 10, serious
Stools/diarrhoeas / 24 h | Max 3, shaped 2-9. soft > 10, watery
Abdominal pain Minimal Intensive Unbearable
Headache None Manifest Unbearable
Temperature <38°C 38°-40°C >40°C
Systolic blood pressure | Normal Normal or abitlow | <80 mm Hg
Temp. loss of conscience | 0 0 +/coma
Lymphocytes  at24 h | > 1.5*10% < 1.5*10% < 0.5*10%
in blood at48h | >1.5*10% < 1.5*10% < 0.1*10%
Medical actions Polyclinical Highly specialised | Palliative care
follow-up haematological Even if blood

Benign prognosis

care (antibiotics,
transfusions,
cytokines etc)
Grave, but care
increases survival
probability

formation is restored
(maybe with stem
cell transplantation),
Multi-Organ Failure
will follow

Survival unlikely

Representative
whole-body dose™

~(500) 1000 — 2000 mSv

~2000 — 8000 mSv

More than ~8000 mSv

*) Clinical observations 1-2 days after a single whole-body exposure to ionising radiation
**) While more familiar to laymen, the unit mSv refers to effective dose and is not defined
for doses exceeding 1000 mSv. The values really refer to absorbed doses in mGy, where
however the numerical value in many cases agrees with values stated in mSv.

Table 2

Actions to be taken by regional medical authorities in preparation
for a possible foreign nuclear explosion

Short-term (as soon as possible)

Where/what

Action

Pre-hospital organisa-tion,
A&E depts, emergency care wards

Measurements

Contaminated patients
Health care providers

Update and rehearse medical RN plans

Co-ordinate, nationally (through radiation regulator) and
locally, have medical physicist stationed at A&E dept

Check equipment, rehearse decontamination

Prepare to receive a few foreign ARS and/or trauma patients at
specialist units; formalise medical manage-ment, check resources

Longer term

Set up a training and education programme. What is already available? What support is required,

and from whom?
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The SREMC advice points out that patients who have been exposed to radiation
may need both specific medical countermeasures, which are not used in other contexts
and should therefore be stocked and supplied by the national healthcare authority, and
medications which are routinely used in health care, such as bone-marrow stimulating
growth factors, antibiotics, and antiemetics which should primarily be stocked and
supplied by regional authorities within the regular health care framework.

Preventing uptake of selected nuclides. For preventive administration in case of
internal contamination, stable iodine in the shape of potassium iodide is the classical
example. This can prevent accumulation of radioactive iodine in the thyroid.
Contamination with radioiodine is not a primary concern for members of the public after
nuclear explosions (prophylaxis may however be indicated for responders), bur is a
major risk after accidents at nuclear power installations. Because of this, stable iodine is
already available in all regions with NPPs, and pre-distributed to households in the
immediate vicinity of the installations. Thus, no further stockpiling is necessary.

Increasing excretion of selected nuclides. Prussian blue (Radiogardase;
ferrihexacyano ferrate) can bind caesium (Cs) and thallium (T1) ions in the intestine,
thus increasing excretion with faeces. Available as 500 mg capsules for oral intake.
DTPA (pentetic acid) is used to de-corporate transuranics (Am, Pu, Cm, Cf, Bk) and
many polyvalent cations (Ac, Ce, Cr, Co, Es, Eu, In, La, Mn, Nb, Pd, Ru, Sc, Th, Y,
Zn, Zr, and Pm). DTPA forms water-soluble chelate complexes with the ions, thus
increasing urine excretion. It is unsuitable for U, Np, or Cd de-corporation due to the
risk of nephrotoxicity. Available as Ca-DTPA or Zn-DTPA injection solutions.
Gaviscon (sodium alginate and Al antacids) increases excretion of Sr by substituting
it for sodium which is excreted. Available as tablets and as 50 mg/ml oral suspension
(recommended). Baking soda (sodium hydrocarbonate) alkalises urine and forms
uranyl tricarbonate, thus increasing urine excretion of uranium. Available as tablets
or solution for intravenous treatment.

Supportive treatments for barrier injuries and infections. These are standard
parts of medical care. Prophylactic antimicrobial fluorokinolones are used, such as
Ciprofloxacin or Levofloxacin (with perhaps broader action against resistant
bacteria). Broad-spectrum antibiotics are used if infection is manifest. Antiviral
prophylaxis is achieved with valaciclovir. Antifungal prophylaxis is primarily
achieved with fluconazol, but in case of persistent neutropenia, other agents such as
posakonazol, isavuconazol or voriconazol may be useful.

Growth stimulating factors support the haematopoietic system which is very
sensitive to radiation. Granulocyte colony stimulating factors (G-CSF such as
filgrastim (Accofil, Neupogen, Nivestim, Zarzio) or lenograstim (Granocyte) are used
in haematology and oncology and are used as subcutaneous injections after whole-
body exposures to radiation. Granulocyte-macrophage CSFs (GM-CSF,
sargramostim, Leukine, or molgramostim, Leucomax), while not as frequently used,
may also be helpful. Pegylated G-CSF (PEG-G-CSF, pegfilgrastim, Fulphila,
Neulasta, Pelgraz, Ziextenso) acts for longer and thus requires fewer
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administrations. Romiplostim (Nplate) can prevent or mitigate thrombocytopenia,
and this is also true for eltrombopag (Revolade).

Soothing treatments for gastrointestinal symptoms. Loperamid (Dimor) reduces
peristalsis and thereby reduces diarrhoea. 5-HT3 antagonist (Ondansetron)
antagonises 5-hydroxytryptamine receptors in the gastrointestinal tract and thereby
is an antiemetic.

How much should be stocked? According to general regulations, sufficient
amounts of medications for 1-3 months should be stocked. SREMC recommended
that radiogardase and the two varieties of DTPA should be stocked at the 6 university
hospitals, for 5 patients per hospital=30 patients. Growth factors should be stocked
in sufficient amounts for 1000 patients (~the number of potential survivors with ARS
in the "Nynédshamn case') for 3 months.

Discussion and conclusions

Some remaining problems. The advice summarised above represents, in the
authors' opinion, the current state of the art of management of ARS patients.
However, research needs and MCM developments were discussed at a US
NIH/NIAID workshop on GI-ARS (Winters et al., 2024) and at a yet unpublished
companion 2024 workshop on vulnerable and understudied populations (where
however SREMC's Valentin was an invited participant). Problems and needs are also
summarised by UNSCEAR (2008) and Valentin and Stenke (2022). Based on those
references, and on discussions within SREMC regarding the advice provided as
mentioned above, our opinion is that the following problems should be addressed:

Research so far and planning are biased towards mass-casualty situations with
uniform external whole-body exposures. Vulnerable populations and their special
requirements need to be defined. Children are not just smaller adults; they need to
be treated on the basis of paediatric data. Inhomogeneous exposures and varying
dose rates need to be more carefully regarded. New medical countermeasures need
to be developed, for the gastrointestinal subsyndrome of ARS, for skin reactions, for
complex multi-organ effects, and perhaps also for paediatric patients.
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1KapoaiHcbKkui iHcTUTYT, CTOKro1bM, llIBenis
MEJAWYHA NIATOTOBJIEHICTD TA JIIKYBAHHA MMALIIEHTIB Y []JBE[II'I'

HadaHo nopadu, wjo oxonawwmes yomupu cumyayii: 1) padiayiiiHuii iHyudenm Ha
YKpaiHcokiii AEC (masnoiimosgipHo, ujo 8iH ceplio3HO eniuHe Ha HacesneHHs Ilseyii);
2) sasHuii sunadok euGyxy si0epHoi 36poi e cycidHili KpaiHi (o6MedxceHuil eniue Ha
HacenenHsn lllgeyii); 3)npoxaHHss npo HadaHHsA MeduyHoi donomozu y llleeyii
nocmpabdsicdanaum gid padiayii ykpainyam (moxcaueuii Hacridok nepwiux deox eunadkies);
4) su6yx sidepHoi 36poi y Illleeyii (kamacmpodhiuni Hacaioku A4 HacenenHs Illeeyii).
OnucaHo iimoegipHi MeduuHi Hacaidku ma nidzomoeaHo npono3uyii wodo diii MeduyHUX
ycmaHo8 y maKux eunadkax. 3anponoHo8aHo Medu4Hi KOHMp3axoodu, o AKUX 81a0a mMae
6ymu zomoea. HadaHo nepesik Heo6Xi0HUX mMaliGymHix po3po6oK, sAKi 6y1u 6 KOpucHUMU
04151 ekcmpeHoi padiayitiHoi meduyuHi.

KnwyoBi cjoBa: naaHyeaHHsA Ha eunadok Had3zeudaliHux cumyayiil, s0epHi
8u6yxu, padiayiiiHa wkoda, 2ocmpuii padiayitinuii cuHOpOM, Medu4Hi KOHMp3axodu.

Asropu JI. Banenraiin, K. Xenman, Mapirta Jlareprpen Jlinn6epr, K. Jlinnoepl” ta JI. CreHke 3asBIstOTH PO
BiICyTHICTh KOHQuIIKTY iHTepeciB. CrioHcOopr He Opaim ydacTi B pO3pOOJEHHI NOCIIDKEHHS; y 300pi, aHami3i 4m
iHTEeprpeTanil JaHuX; y HalMCaHHI PyKOITHCY; B PIllIEHHI PO ITyOKaIlii0 Pe3yJIbTaTiB.
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IMMPOT'AJIMHU B MIATOTOBII TA ITPALIEB/IAHITYBAHHI
ME/JIMYHUX PI3UKIB B YKPAIHI

BcTtyn. 3a ocmanHe decamupiyusi ma nonpu 80€HHUIl cmaH icHye meHdeHyisa do
36i/1bWeEeHHA KiAbKocmi 8UCOKOMEeXHO0/102iYH020 MedUu4H020 06/1A0HAHHSA 0151 HAOAHHA
nocayz HacesneHHwo. Ilpome eucokomexHo.102iuHe iHHOB8ayillHe eapmicHe 06/1A0HAHHA
HeMO0J4C/1U80 8UKOpUCMo8yeamu 3a gidcymHocmi keasigpikoeaHux meduyHux gizukie ma
iHJIceHepis, momy icHye Haza.lbHa nompe6a 8 ix nidzcomoeyi ma npayes.1auWiMye8aHHi.

MeToau. IlpogedeHo aHa.i3 HAYIOHAALHUX HOPMOMEOPYUX OOKYMeHmMie8 wjodo
dissibHOCMi meduuHux ¢pi3uKkie nNOpPiGHAHO 3 MINCHAPOOHUMU peKomeHdayiamu i3
3acmocy8aHHAM aHAAIMUYHO20, NOPIGHSAIbLHO20 mMA y3a2a/bHI08A/IbHO20 Memodie;
doJ1y4eHo pe3yiemamu 841acH020 3oceiady.

PesyabTaTtu. HadaHo onuc midicHapodHOi npakmuKu 3 nid2zomoeku MeduyHuUx
@izukie, AKUM Has1excums 0co61uea gionosgida1bHicms w000 3a6e3nevyeHHs KOHMpOoJio
ma 2apaumii sikocmi npogedeHHs1 diazHOCMUYHUX | mepaneeMu4HuUX npoyeadyp 8HACAIO0K
Medu4HOo20 onpoMiHeHHs, padiayiliHo2o 3axucmy nepcoHa/ay ma nayieHmis.

BucHnoBku. IIpoaHani3oeaHO HayioOHA/bHI 0C8IMHI HaAB4aAbHIi npozpamu,
3aKoHodas4a 6a3a wodo npaeoeozo 3aée3neveHHs JisIbHOcmi meduuHoz20 dhi3uka,
30KpeMa 1020 0608'sa3KU, cdhepu @idnogidasbHOCMI NOPIGHAHO 3 MINCHAPOOHUMU
dokymenmamu. HadaHo onuc mixcHapodHoi npakmuku 3 nid2comoeku Mmedu4Hux hizukie,
AKUM HaJj1excums o0co6auea eidnogidasnvbHicmbs ujodo 3a6e3nevyeHHsA KOHMpoJal ma
2apaHmii sskocmi nid Yac npogedeHHs diazHOCMUYHUX ma Mmepaneemu4HuUX npoyedyp npu
MeduuHOMY onpoMiHeHHI, padiayiiiHozo 3axucmy nepcoHaly ma nayienmis.

KnwuyoBi csoBa: meduunull (hi3uk, KOHMpo.b sKocmi, oceimHi Has4abHi
npozpamu, padiayiiina 6e3neka.

Beryn
3a ocTaHHE JIECATUPIUYS, TIONPH BOEHHUN CTaH, CIIOCTEPITaEThCS TEHIACHINS 10
30UIBIIEHHS KUIBKOCTI BHCOKOTEXHOJOIIYHOTO MEIUYHOrOo OOJIagHAHHA UId
HaJIaHHS ITOCITYT HACEIESHHIO 3arajJbHOI0 YHCEIbHICTIO OJM3bK0 36 MiIH. 3a JaHUMHU
HepsxkaBHOro perictpa Kepesa 10HI3YIUOoro BUIIPOMIHIOBAHHS Ta 1HIUBIIyalbHHUX
JI03 OMPOMIHEHHsS CTaHOM Ha ceprieHb 2024 poky B JepikaBi 3apeecTpoBaHO
© Acnamoga Jliogmuaa, Anapymko Jlrogmuaa, Himurawok JIi6os, 2024
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55 miHIAHUX  NPUCKOPIOBAYiB, sKi 30epiraloTbcs ad0 BHUKOPHUCTOBYIOTHCS
MEIUYHUMHU 3aKiIaJaMd. BIOmoBiZHO [0 MDKHAPOOHHUX CTaHAAPTIB CydacHE
HaCeJICHHS Jep)KaBu MOTpedye 72 MiHIHHUX MPUCKOPIOBaYi (BUCOKOTEXHOIOTTUHE
IHHOBAIlliHEe BapTicHe OOJaAHAHHS, SIKE& HEMOXKJIMBO BHKOPHUCTOBYBATH 34
BIZICYTHOCTI KBaihikoBaHUX MeAUUHMX (i3UKIB Ta itkeHepis). Iix yac podbotu Ha
JIHITHOMY TTPUCKOPIOBaYI 3aJICKHO Bijl HOr0 TEXHIYHOT KOMIUICKTAIlii, MOXKe OyTH
3a/TisIHO BiJ IBOX JI0 YOTHPHOX (haxiBIliB (MeTuuHUX (hi3uKiB). 3118 BYACHOTO Ta
SIKICHOT'O HaJIJaHHSI METUYHUX MTOCIYT, TIOJOIaHHS AeDIIUTY METUYHHUX MPAIIBHUKIB
1 mpo¢hecioHaIiB 13 BUIIOI0 HEMEIUYHOIO OCBITOIO € HarajbHa 1otpeda y BBEIACHHI
mocaau MeauuHoro ¢isuka (Kabiner Miwnictpis Ykpainu, 2024b).

BukopucTaHHs HOBITHBOIO YCTATKyBaHHS IOTPEOYE BIPOBAHKCHHS IMPOLCTYP
ITOCTIHHOrO KOHTPOJIIO Ta TapaHTii SKOCTi, KBaIi(iKOBAHOIO CEPTH(IKOBAHOIO
IepCcoHally, TOMy caMe MEeAUYHOro (pi3rKa 3a1y4aroTh 0 JIarHOCTUKU Ta JIIKYBaHHS,
BHOOpPY, OIlIHIOBAHHS, ONTHMI3aIil MEIVMYHOIO YCTAaTKYBaHHS, 3a0e3leucHHs
pamiariiHol Oe3MeKH, padiallifHOro 3aXUCTy IePCOHAITY Ta MAIli€HTIB.

€poinrerpaniiinuii  kypc 1 uwienctBo B MAI'ATE 3000B's3ye  Ykpainy
3MIMCHIOBATH  IMIUIEMEHTAILII0 MDKHAPOJHHMX JOKYMEHTIB, CTaHAApTIB 110
YKpaiHCHKOTO 3aKOHOJABCTBA IOAO JISUIHOCTI y cdepi BUKOPHCTaHHS SIEPHOT
eHeprii, 30kpeMa pu MeauaHomMy onpominenti (Kabiner Miuictpis Yipainu, 2020),
HE3BAKAIOYM HA HEBIANOBIAHICTE MDK HAIlIOHAJTBHUMH HOPMATHBHO-TIPABOBUMH
TIOKYMEHTaMH Y IIiH raimy3i.

Metoan

[IpoBeneHo aHami3 HaIIOHATHFHIX HOPMOTBOPUYUX JOKYMEHTIB IIOAO TisSUTBHOCT1
METUIHUX (i3HUKiB MOPIBHAHO 3 MDKHAPOTHUMH PEKOMEHIAITISIMH 13 3aCTOCYBAHHSIM
AQHATITUYHOTO, MOPIBHUIPHOTO Ta y3arallbHIOBAJLHOTO METOMIB. Y IOCIIHKEHHI
TaKOX PO3IIISIHYTO PE3YJIbTATH BIACHOTO JIOCBITY.

Pe3yabTaru

[IpoanasizoBaHo AesIKi KOMIOHEHTH OCBITHIX mporpam (OIl) "Menuuna ¢izuka"
y TphOX JEpXaBHHX 3aKiajgaXx BHUINOI OcBiTH: KHWIBCBKOMY HAI[IOHAILHOMY
yHiBepcureri iMeHi Tapaca IlleBuenka, XapKiBCbKOMY HAIIOHAIFHOMY YHIBEpPCHUTETI
imeni B. H. Kapazina Tta IlpukapnarcekoMy HamiOHAIFHOMY VHIBEPCHTETiI iMeHi
Bacuns Credanvika. 3a3HayeHi yHIBEPCHUTETH 3IIMCHIOIOTH HAOIp aliTypieHTIB s
3M00yTTS CTyIeHs MaricTpa (OakaiaBpa) Ha OCHOBI cTymneHs Oakanaspa (Ol "Memnnuna
¢izuka™) 3a coerianpHocTsiMu: 104 "®isuka Ta actponomis” (KHY imeni Tapaca
[IeBuenka); 105 "TIpukianHa ¢isuka Ta HaHoMatepiamu™ (Kapas3iHchbkuii yHIBEpCHTET
i TlpukaprnaTChKuii HAIOHATBHUE yHiBepcuTeT imeni Bacums Credanuka).
Kapazinceknii  yHIBepCHTET TaKOK 3[IICHIOE Halip Ha AaHTIIOMOBHY MpOrpamy
Educational-scientific program "Medical physics (the English language of instruction)".

Bumyckaukam ocBiTHBOI mporpamu  "MemnuHa (¢i3uka" MIPHCBOIOETHCS
kBaumiikamiss Marictp (pi3uKu Ta acTPOHOMIi 32 OCBITHBOIO Mporpamoro "MeandHa
¢izuka” (KHY imeni Tapaca IleBuenka), "Marictp npukiagHoi ¢(i3ukd Ta
HaHoMartepianiB, memuuHa ¢isuka" (Kapasincekuii yHiBepcuter), "bakamaBp 3
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npuknanHoi (isuku Ta HaHoMmaTepiamiB. @axiBeup 3 MenuuHoi Qi3ukH"
(ITpuxapnatcekuii HallioOHAIBHUN yHiBepcuTeT iMeHi Bacuns Credanuka).

[Ipote micnst oTpuMaHHsA AWIUIOMIB MaricTpa (OakanaBpa) i3 3a3HAaYEHOIO
KBaJTi(iKaliel0 BUMYCKHUKUA YKPaiHCBKUX YHIBEPCHUTETIB HE MOXYTH MPALIOBATH
SK MeIW4Hi (i3MKd B MEIWYHUX 3akianaxXx. CrnpoOyeMo po3iOpatucs, YoMy
TaK BiZOyBa€eThCA.

1. Ocsimns cknadosa. Ha xanb, )K0aHy OCBITHIO Iporpamy "Mezauuna ¢izuka"
B YHIBEPCHTETAX JE€P)KaBH HE BUKIAAAI0Th Ha CIIeliaIi30BaHuX Kadeapax MeAHIHOL
¢dizukm, SKi Maaum O MaKCHMMajbHI MOMJIHMBOCTI Jjii €()EKTUBHOI IiJATOTOBKU
BHCOKOKBaM(piKOBaHMX (haXiBI[iB BIJMOBIZHO [0 €BPONEHCHKHX CTaHAAPTIB. SIk
HACIIIOK, HE OXOIUIEHO (axoBi TeopeTwuHi Kypcu 'B3aemomis 10HI3yIOYOro
BHUIIPOMIiHIOBaHHS 3  pedyoBuHow",  "Jlosumerpia”, "Jlia  ioHI3yHOUOro
BHUIIPOMIHIOBaHHS Ha oprauizm', "SnepHa (izuka" Toino, 03 SKUX HEMOXKIUBO
SKICHO TEOPETHYHO Ta TMPAKTUYHO OMNAaHyBaTH CKJIAJHI HAYKOEMHI METOIH
JIIKYBaHHS Ta JiarHOCTUKH. bakaHo, 1100 3akjajd BHIIOI OCBITH Yy MpPOILECi
(dbopMyBaHHsS HAI[IOHAJIILHUX OCBITHIX HAaBYaJIFHUX TMPOrpaM JIOTPUMYBAJIHCS
BapiabenbHOCTI, IO 3a0e3MeYnTh MOKIHMBICTH BUIYCKHHKaM (MarictpaMm) y
MOJANTBIIIOMY TIPAIFOBATH HE TUILKK B PI3HUX TaTy3sIX MequuHOi (i3uku, ane i B
OCBITHIX 3aKjajaxX, HAyKOBO-JOCIIJHUX YCTAaHOBAX.

€BpoITeHChKI  YHIBEPCUTETH Yy TMPOLECI MiATOTOBKH MEIMYHOro (i3uka
BPaxOBYIOTh II€BHI BUMOIM 10 oOcBitu: 1) MaliOyTHili daxiBenp Mac OTpUMAaTH
0a30By OCBITY 3 (Pi3MKH Ta MaTeMaTHKH, 2) (axiBellb Ma€ ONAHyBaTH OOOB'A3KOBi
3HaHHSA 3 0a30BHX MEIUYHMX IUCIHUIUTIH: aHaTtoMmii, (iziosorii, Gioximii ToIIo.
TaxkuM 4HMHOM, OCBITa Ma€ IIPOXOIUTH B jBa eranu. CroyaTky CTyAeHT HaOyBae
CTyIiHb OakanaBpa i3 (pi3MKH, a Jaii — CTyIiHb MaricTpa 3 Mmeaudrol (izuku. TodTo
y KJIJACHYHHMX HEMEIUYHHX YHIBEpCUTETaX AepikaB €pponelicbkoro Cor3y MeaudHi
(i3uKN TicasA TPHOX POKIB HaBYaHHS Ha OakamaBpaTi 3 (PI3MKH Ta ABOX POKIB
HaBYaHHSA B MaricTpatypi 3 MeauuHoi (I3MKM Ha CcHeliali30BaHuX Kadeapax
OTPUMYIOTH IIOBHY BHIIY OCBITYy Ta IWINIOM Marictpa 3i CIeIiaabHOCT1
(cmemiamizanii) "Memuuna ¢izuka” (Byrne, 2023). Tpu Halikpalli yHiBEpCHTETH
€Bpony, AKI MalOTh MAariCTpaTypy Ta MPOBOAATH HIATOTOBKY (haXiBIIB 13 MEIUYHOT
¢izuxw, ne: University College London, Heidelberg University — Germany, Imperial
College London (3a nanumu HesanexxHoro peituary EduRank, cranom Ha 29.02.24)
(EduRank, 2024).

2. Kniniuna npaxkmuxa. Ha xanb, XKOaeH YyKpalHCBKHH VYHIBEpCHUTET HE
CIPOMOXHHM 3a0e3meynTH MaricTpis / 6akanaBpiB, sKi ONAHOBYIOTH OCBITHIO
nporpamy "MenndHa ¢i3pKa", MOXKIUBICTIO MPOXOKCHHS KIIHIYHOT IMIPAKTUKH B
KIIIHIKaX i3 Cy4aCHHM yCTaTKyBaHHSIM, Ha KIITAJIT BUCOKOCHEPTeTUYHUX JIIHIHHUX
MPHUCKOPIOBAYIB TOIIIO.

B €Bponi 3aranbHO0 MPaKTUKOIO € TMOEAHAHHS KIIIHIYHUX yYCTAHOB 1 3aKJIaJiB
BHIIO1 OCBITH, IO JA€ 3MOI'Y HA BUCOKOMY PIBHI IMPOBOJUTH IiATOTOBKY (haxiBI[iB
Ta OTPUMYBATH IMPAKTHYHHUH JTOCBi Y ITpOIIeci BIPOBAKEHHS HOBITHIX TEXHOJIOTIH.
3okpema, y mBeAchkHil KapomiHCBKIA KIiHINI, sIKa € OIHi€I0 3 HAHOUThIIMX
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VHIBEPCHTETCHKUX JiKapeHb y €BpOIl, HaJIaromKeHO AaKTHBHY CIIBIPAIiO 31
CTOKIOIbMCBKHM YHIBEPCHTETOM, JI€ HABUAIOTHCS MaHOyTHI CIIEIiaIiCTH, 30KpeMa
BCi CTYJIEHTH crierianbHocTi "MennuHa ¢izuka’ mpoxoasrs 000B'I3KOBY IPAKTHKY
Ha 0a3i kimiHikk. MaiOyTHi MeauuHi (isuku 3 KayHachbKOro TEXHOJIOTIYHOIO
yHIBepCUTETY B JIUTBI MarOTh MOXKJIMBICTH MPOXOKEHHS KJIIHIYHOI MPAKTHUKU B
LenTtpi pamianifiHoi Teparii, ¢ MPaIOOTh pajialliiiHi OHKOJIOIH, MEAUYHI (i3UKH,
pajiamiiiHi TEXHOJIOTH TOIIO.

Omxe, MeauuHI (DI3UKHU-TIPAKTHUKH, SKi IIPAIIOI0Th B €EBPONEHCHKUX KIIHIKAX Ta
IHIIMX MEAMYHUX IIEHTpaX, MOXYTh OYTH HAyKOBUMH Ta MEAarOTiYHUMU
cniBpobiTHHKaMu B HaByanbHuX 3akiazax (Pfeiffer et al., 2021). Kpurepii, mo
CHPUSIOTH BIJIOBITHOCTI OCBITH KJIIHIUHIA MPaKTHIl Ui MEIUYHUX (DI3UKIB,
BH3HAHHIO MTpodecii, BUKIaJIeH]l B 0araTboX MyOmiKaIlisx.

Indopmariis 3 opranizaliii OCBITHROIO MPOIECY Ta KIIHIYHOI MPAKTHKH JUIs
MaiOyTHIX Memuunux (isukiB y IlBerii Ta JIuTBi OTpMMaHa OJHHUM 3 aBTOPIB
saBmsaky ydacti y mpoekti "Quality Assurance and Quality Control in Medical
Radiology (phase 1), Improvement of Quality Assurance and Quality Control in
Medical Radiology (phase 2)", mio 3amponoHOBaHHI HIBEICHKMM PETYIATOPOM
Swedish radiation safety authority (SSM).

3. Ilpauesnawmmysanna. OcHoBHA cdepa MISITBHOCTI MeaudyHOro (isuka
IIOB'sAI3aHa 13 3aCTOCYBAHHAM SIIEPHOI eHeprii B MEAMIIMHI, ajle 10 HOro KOMIIETEHIIi i
TaKOXK HAJIEKUTH poOOTa 3 OONamHAHHAM, SIKE HE BUKOPHCTOBYE OIPOMIHCHHS.
CraHoM Ha chOTO/IHI YKpaiHa, BKJIAJal0ul KOIITH B HABYAHHS Ta IMiJITOTOBKY IIHUX
(axiBmiB, HEe Hamae iM MOXIIMBOCTI IPAIOBATH B MEIWYHUX 3aKiIazax depe3
BIICYTHICTB y MITaTHOMY pO3KJIaji mocamy "Mennaauid Qi3uK'’, OCKUTEKH:

e y Hamionanenomy kiacudikatopi JK 003:2010 "Knacudikarop mpodecii”
(KIT) BimcytHs mocama "Memuunuii ¢isuk” abo "daxiselb 3 MeauuHOi (izuku’ y
rany3i "Oxopona 310po'st” (Hamionansuuii knacugikarop Ykpainu, 2024);

e1. 32 wHamioHampHUX JIiMEH3IHHUX YMOB TPOBAKEHHS TOCIOIAPCHKOI
TSUTBHOCTI 3 MEAWYHOI TPaKTHKH 3a00pOHSE BBEICHHS TOCAN CIEIiaIbHOCTEH
(haxiBIiB 13 BUIIOI0 HEMEIWYHOIO OCBITOIO, SIKI IJIAHYIOTH IPAIIOBATH B CHCTEMi
oxoponw 3m0poB's Ykpaiau (Kabiner Minictpis Vipainu, 2024a);

e TEXHIYHI CHeNiaJbHOCTI HE 3a3HaueHo B HomeHKmaTypi crerianpHOCTEH
(baxiBIiB 3 BHIIOI HEMEIUYHOIO OCBITOIO, AKi IJIAHYIOTh MPAIfOBATH B CHUCTEMI
OXOPOHH 3/I0POB'sl, TOMY i (paxiBIli HE MOXYTh BUKOHYBAaTH POOOTH, IO TIOB'sI3aH1
3 MeaUYHOO (i3uKoro (MiHICTEPCTBO OXOPOHH 310pOoB'st Ykpainu, 2023).

Binnmosimao mo Bumor KII mamaemo mepernik poOiT, MO MOXYTh BHKOHYBATH
MmenuuHi ¢izuku (Tadu. 1).

Hopmatuao-tipaBoBi aktu (HITA) pi3HOI FOpUANYHOI CHJIHM Ta Yacy MPUHHATTS
MICTSITh ITPaBOB1 HEBIAMIOBIAHOCTI MO0 JO3BOIY MEIUYHOI MPAKTUKHU JIIs (DaxiBIliB
13 BHILNOI HEMEIUYHOI OCBITOIO, 30KpeMa MEAWYHUM (i3UKaM: y 3a3HaYCHUX
JOKyMEHTax 3adikcoBaHO 3a00pPOHY BBEJCHHS B CHCTEMi OXOPOHH 370POB'S
Ykpainu mocay (axisBiiB 3 BUIIOK HeMeanyHow ocitoio (KaGiner MiHicTpiB
VYxpainu 2024a; MiHicTepcTBO 0XOpOHU 310pOB'st YKpainu, 2023). ABTopH 1 panime
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3BepTaM yBary Ha Te, o B HaioHanbHuX HITA € HazBu poOiT Ta GyHKUiOHANBHI
OOOB'SI3KM, y SKHX 3yCTPIUalOThCSA CIIOBOCIONYdYeHHs 'Menuuna ¢isuka" Ta
"Menuunuii gpizux"” (Acnamosa, Kymiu, & IlImurmniox, 2021), Hanpuknaz:

e ciimbHHN Haka3 JlepxkxatomperynoBanas Ta MO3 Vkpainum 16.02.2017 p.
Ne 51/151 (/lep>kaBHa iHCIIEKIIisl SAEPHOrO pErysroBaHHS YKpainu, MiHicTepcTBO
OXOpOHH 3710poB'st YKpainu, 2017): He Bu3HayeHO TepMiH "Menuunuii ¢pizux” Ta He
3a3Ha4eHO Horo QyHKIIOHAIBHI 000B'I3KH, TIPOTE HA HBOT'O Ta IH)KEHEepa-paaionora
MOKJIa/ICHO BiAMOBIANBHICTD 32 pajialiiiHy Oe3meKky B yCTaHOBI;

« Haka3 Jlep>xkatomperymoBanns Bif 03.10.2008 p. Ne 166 ([lepxaBHa iHCIIEKITis
siiepHOro peryitoBanus Ykpainu, 2008): He HagaHo iH(opMalii oo GaxiBIliB 3
MeNYHOT (Di3UKH.

Taonuysa 1
Ioxax4uk paxoBux HA3B PoOiT, 110 MOKYTh BUKOHYBATH MeANYHI (pizukn
Kon KII Hasga, mo Bianosigae KII IIpodeciiina Ha3Ba podiT
21111 Monoammuii HayKoBUH CHIBPOOITHHK
(MenuyHa Qi3uka)
2111.1 |HaykoBi criiBpOOiTHUKH HaykoBwii criiBpoOiTHHK
(dizuka, acTpoHOMIs) (MenuuHa ¢i3uka)
21111 HayxoBuii ciiBpoOiTHUK-KOHCYIBTaHT
(menuuHa Qi3uka)
2111.2 | ®i3uku Ta aCTPOHOMH daxiBellb 3 MEAUYHOI (Hi3UKU
3111 |JIaGopaHTH Ta TEXHiKH, IIOB's3aHi
3 XIMIYHUMH Ta QI3UIHUMHA daxiBelb 3 MEANYHOT (Pi3UKH
JIOCIIDKEHHAMU
3133  |Oneparopu MeIUYHOTO OrnepaTop MeITUYHOr0 YCTaTKYBaHHSI
YCTaTKyBaHHS
7311 EnexTpomexaHik 3 peMOHTY

Ta 00CITYyrOBYBaHHS €IEKTPOHHOT
MEJMYHOI anapaTypu

7311 EnexTpomexaHik 3 peMOHTY

Ta 00CITYrOBYBaHHS MEIMIHUX
ONTHYHUX MPUJIAJIIB

7311 | BupoOHHKH Ta PEMOHTHHKH EnexTpomexaHik 3 peMOHTY Ta
MPeu3iiHIX IHCTPYMEHTIB i 00CITyroByBaHHSA MEIUIHOTO
puUiIaaiB PEHTTEHIBCHKOTO YCTATKYBAHHS
7311 EnextpoMexaHik 3 peMOHTY
Ta 00CITYrOBYBaHHS MEIMYHOTO
YCTAaTKyBaHHS

7311 KonTtponep MenuaHOro ycTaTKyBaHHS
Ta BUPOOiB

7311 ONTUK MEIUYHUNA

7319 | Ykpynuesi npogecii poOiTHHKIB, EnextpoMexaHik 3 peMOHTY
10 BUKOHYIOTh BUCOKOTOYHI POOOTH | Ta 00CITYrOBYBaHHS MEIUIHOTO
3 METaITy Ta MOMiOHNX MaTepiajiB YCTaTKYBaHHS Ta amapaTypu
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[Ipore B >xognomy HIIA He mpomucaHo BU3HaueHHS TepMiHa, (QYHKLIOHANbHI
000B'sI3KkM Ta cepy BIAMOBINAIBHOCTI MEIUYHOrO (hi3MKa, TAKOXK BiH HE BBIHIIOB
J0 CIHCKY OO0OB'S3KOBUX (axiBIliB, sIKi MarOTh 3a0e3ledyBaTH SKICHY poOOTY
CY4acHOr0 MEAWYHOTO 3aKjialy Il 4Yac HaJaHHS MOCIYr 3 BHUKOPUCTAHHIM
MEINYHOTO ONMPOMiHEeHHs. Ma€eMo MpaBoOBi KOMi3ii, TOMY /AJisi BUPILICHHS HHU3KH
BOYIMBUX IHTaHb caMe iH)KEHEPH-Palioiord pa3oM i3 JiKapsIMHU-palionoramM,
OKpiM cBoiX npsimux 06oB's3kiB (Kabiner MinictpiB Ykpainu, 2024a; MiHicTepcTBO
OXOpOHH 3710poB'st Ykpainu, 2023) BUKOHYIOTH Jeski QyHKIIT MeANYHUX (Hi3UKiB,
00O0B'sSI3KM BiAMOBINANILHUX 3a pajialliiiHy Oe3neky B ycraHoBi. Ha mymKky aBTOpiB,
IS CUTYAIlisl € HACTITKOM

e BiZiIcyTHOCTI B HarjioHaibHux HITA Bumor g0 mMenuuHux (i3uKiB, 3MICTy Ta
3aBJaHb IXHLOI JisUIBHOCTI,;

e HEJIOCTATHHOI TApMOHI3ali YKPaiHChKOiI 3aKOHOAABUO-HOPMATHUBHOI 0a3m 3
MDKHAPOJHUMHU JIOKYMEHTAMHM IIO/I0 3a0e3MeUEeHHS Pa ialliifHOr0 3aXUCTy MAIi€HTIB 1
TIEPCOHAITY B TIPOIIECT ITOBOKEHHS 3 JHKEPETaMH 10HI3yI0UOro BUIIPOMIHEHHST,

e BIZICYTHOCTI JI€P’KABHOT'O OIIHIOBAHHS MOTPEO y MIiJArOTOBIII HAIIOHAJIBHUX
MeNYHUX (Di3HKiB;

e BijicyTHOCTI B HOMeHKiatypi MO3 VYkpaiHu BiANOBITHHX CIEialbHOCTEH
i moca.

3Bakaro4y Ha aKTYaJbHICTh PO3BUTKY MEINYHOT (Di3UKH Y CBITi, 3aITPOBIKEHHS
HOBITHIX padiallifHuX TEXHOJIOTIH 1 MIArOTOBKY HAI[IOHAJIBHUX CYYaCHUX (haXiBIIiB
3 Mmean4Hoi ¢i3uku, HaBuansHO-HAYKOBUN MEHTp paxdiamiitHoi 6esmekn KHY imeni
Tapaca IlleBueHka pazom i3 BceykpaiHChKUM 00'€THaHHSIM MEIUYHUX (i3UMKIB Ta
imkerepiB 3 2011 poky 3amodaTtkyBaJid IOpiYHE NPOBEIACHHS MIKHAPOIHHUX
koH(pepentii "MenndyHa (izuka — Cy9acHHWM CTaH, MPOOJIEMH, MUISXHA PO3BUTKY.
Hogitai Texnomorii". MibkHapoaHI Ta HaIiOHATLHI HAYKOBI JTOCITIIKEHHS, SIKi CTaTN
OCHOBOIO JUISl TIPE3EHTAL 1 cTaTel, HAaAalOTh HOBOTO ITOLITOBXY JUIS PO3BHTKY
HayKOEMHO1, BXKJINBOT HAYKH — MeANYHA (i3uKa.

VYpsn Ypainu, cxBamsim B 2024 p. HarlioHaIbHy CTpaTerito KOHTPOITEO 3IOSIKICHUX
HOBOyTBOpeHb Ha Tmepion m0 2030 poky, BH3HAB HAsSBHICTH NeDilUTy MEIIMIHNX
MIPAIiBHAUKIB 1 TIpodecioHatiB 13 BHIOI0 HEMEIMYHOIO OCBITOIO, AKi 3a0€3MedylOTh
HAJIAHHS SIKICHUX MeIMYHUX mociyr nartientam (Kabiner Minictpis Ykpainu, 2024b).

Ha BukonanHs 3aBmanHs 1. 13 mnany fiit 3 peamizamii Ha niepiox go 2025 poky
HarmionansHoi crpaterii MiHICTepCTBY OXOpPOHH 3[0pOB'Ss YKpaiHH IOPYYEHO Y
TepMidn 10 | kBapramy 2025 poky po3poOMTH Ta 3aTBEpIUTH KBali(ikamidHy
xapakrepuctuky mpodecii "Tlpodecionan 3 memuanoi pizuKku"; BHECTH BiIMOBIAHI
3miEn 70 JloBimHWKa KBamiikamiHHUX XapaKTEPUCTHK Npodecid MpalliBHUKIB
(But. 78 "Oxopona 310poB'st™") moa0 BBeaeHHs nocaau "TIpodecionan 3 MeaAUIHOT
¢dizuxu” 1o Ilepeniky mocan mpodecioHasiB 3 BUIIOK HEMEIUYHOI OCBITOIO, SIKi
NPAIIOIOTh Y CHCTEMI OXOPOHHM 3[0pOB'S; BHECTH 3MIiHHM JO MEpeiKy I10caj
mpocdecionaniB 'y cdepi oxoporm 3mopoB's. llpore BBemenns 1iei mpodecii
cynepeunTuMe BuMmoraMm croineHoro Hakasy JlepskatomperymoBanHa Tta MO3
Vipainu 16.02.2017 p. Ne 51/151.
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Jduckycis i BUCHOBKH

3Bakalouy Ha BHKJIAJICHE, 3 METOI0 BpaxyBaHHS 0araTOpidYHOTO JOCBiAy, IIO
OTPUMaHMi y TIpolleci HaBUaHHS Ta MIATOTOBKA MENUYHHMX  (Di3UKIB,
3aMpONOHOBAHO:

e c(hopMyBaTH CIJIbHE 3BEPHEHHS 3aKJIAJIB BUIOI OCBITH (SKI MalOTh OCBITHI
nporpamu 3 MenuuHoi ¢izukun) 3a miarpumkun MOH Vkpainn g0 MO3 Ykpaiau
o0 noiydeHHs (axiBiiB 3a3HadeHux 3BO no po3pobieHHs kBaigikamiiHOL
xapakrepuctuku npodecii  "Tlpodecionan 3 weauunoi ¢izmku" Ta HOro
(yHKIIOHATBHUX 00OB'A3KIB;

e BHECTH 3MiHH JIO CIITbHOTO Haka3y JlepxaromperymtoBanas Ta MO3 Ykpainu
Bix 16.02.2017 Ne 51/151 "Tlpo 3aTBep/uKeHHs 3arajbHUX HpaBHJ pajiamiidiHol
Oe3lekn BUKOPHCTAHHS JDKEpeN 10HI3yIoUoro BUIIPOMIHIOBaHHS y MEIUIMHI" Ta
JIOTIOBHUTH B)KMBaHI TePMiHM BU3HaueHHsSM TepmiHa 'TlpodecioHan 3 MemuqHOl
¢izukn", 3a3HaUMBIIN HOT0 (PYHKIIOHATBHI 000B'SA3KH.

Buecok aBTopiB: JIroqmma AciraMoBa — KOHIENTYaTi3allis, METOOJIOTisI, HAIIMCAHHS — OPUTiHAJIbHA
yepHerKa; Jlronmmia AHIPYIIKO — (hOpMaTbHUIA aHa3, BastiaaLis naHux; Jlro6os [IIMuritok — penaryBaHHsI.
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MEDICAL PHYSICIST EDUCATION
AND EMPLOYMENT GAPS IN UKRAINE

Introduction. Over the past decade and despite the martial law, there is a tendency
to increase the number of high-tech medical equipment to provide services to the population,
however, high-tech innovative valuable equipment cannot be used in the absence of qualified
medical physicists and engineers, so there is an urgent need for their training and employment.

Methods. An analysis of national normative documents on the activities of medical
physicists was carried out in comparison with international recommendations using analytical,
comparative and generalizing methods; the results of my own experience are attached.

R e sults.Adescriptionofthe international practice of training medical physicists, who
have a special responsibility for ensuring control and quality assurance of diagnostic and
therapeutic procedures during medical radiation, radiation protection of personnel and
patients, is provided.

Conclusions. Theauthors analyse national educational curriculums and legislation on
the legal support of medical physicist activities in the article. In particular, their duties and areas
of responsibility are compared to international documents. International practices on medical
physicist training are presented as for a specialist who takes special responsibility for the
performance of control and quality assurance during diagnostics and therapy procedures with
medical exposure and radiation protection of personnel and patients.

K ey w o r d s: medical physicist, quality control, education curriculums, radiation safety.

Tonosumii penaxtop JI. AcnamoBa, 4ieH mporpamMHoro komirery JI. IIIMHUIIFOK, YiieH OpraHi3aumiiiHOro KOMiTeTy
JI. AHzApYIIKO 3asBISOTH MPO BIACYTHICTh KOH(QUIIKTY IHTEpECiB Ta HEBTPY4YaHHS B IPOLEC OLIHIOBAHHS L€l CTaTTi
BI/ITOBIIHO 10 MDKHAPOAHMX CTaHAAPTIB MyOuiKauiitHo1 etnku. CrioHCOpH He Opanu y4acTi B po3poOIeHH] JOCITi/HKEHHS;
y 300pi, aHai3i 4 IHTEprpeTalii JaHNX; Y HAalKCaHHI PYKOIHUCY; B PIILICHHI ITPO MyOJiKaIlil0 pe3y/bTaTiB.
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MEDICAL PHYSICS EDUCATION: SELECTED CHALLENGES FOR UKRAINE

The training of specialists in medical physics, which is based on the combination of
medicine and physics, has already developed stability in the world community. This is a new
direction for Ukraine that requires standardization and harmonization with existing
international practices. In the paper the analyzes of the publications of scientists in a
combination of the tags "medical physics" and "education” with the aim of finding patterns
regarding the support and development of the considered field throughout the world and in
Ukraine. The peculiarities of international cooperation are considered, the circle of leading
publications in scientific fields is outlined, and the factors influencing the institutions of
different countries on the development of medical physics are analysed. The study is based
on the results of data published in the international scientometric database Scopus. An
overview analysis of some key approaches used in the universities of Ukraine and Poland in
the development of this direction was carried out, and recommendations for Ukrainian
specialists were formulated on their basis.

Keywords: medical physics, education, publications, Scopus, partnership in
education for sustainable development.

Introduction
The problem of training of the high-level specialists who can effectively apply
the latest achievements of physics in medicine has its own history with features that
depend on various factors, such as an economic capabilities of countries, on the
needs of the market and the region, on the development of the scientific and technical
progress of humanity as a whole. Now, the Qualification Framework for an expert in
© Nykyruy Lyubomyr, Khoma Daria, Fedosov Sergiy, Labuz Mirostaw, Kucab Krzysztof, 2024
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medical physics in the EU is defined in the European Commission Radiation
Protection report No. 174 "European Guidelines on Medical Physics Expert"
(European Commission, 2014). Similarly, standards of this type were previously
developed in the U.S. Therefore, today medical physicist is a prestigious and
necessary profession in most countries. However, for Ukraine, such direction has not
yet been finally verified. Therefore, the research of this problem and the development
of effective proposals aimed at helping Ukrainian universities to implement and
make successful among applicants an educational program for the training of
medical physicists are urgent.

The methodological development of the educational component for the training
of medical physicists is high-important. Many papers in specialized peer-reviewed
journals are devoted to this problem. It is based on such works that the authors of
this study draw conclusions about trends in the world and in Ukraine. The research
methodology is based on the analysis of publications according to the data of the
scientific and metric database Scopus (www.scopus.com; Wisz et al., 2018). This
approach has been tested for training students of applied physics (Nykyruy et al.,
2021; 2022). For the analysis, the authors set the tags "medical physics" and
"education™ in the search simultaneously. The search was carried out by title,
keywords and abstracts: TITLE-ABS-KEY ("medical physics") AND TITLE-ABS-
KEY (education). The Scopus database was chosen due the high standards of
publications and the international dissemination of research. So, as of July 1, 2024,
the 2,048 publications were published for the specified search query. In addition, the
most cited papers were analysed separately, which made it possible to form
conclusions about the trends generally accepted in the professional society, about
their development, and the latest papers from various publications were also
analysed, which allowed to highlight the latest trends in the development of the field
this research. At the same time, the authors of the study rejected materials that are
not related to the training programs of specialists in the field of medical physics.
Also, on certain aspects, the authors of this work make a comparative analysis of the
publications of researchers from Poland and Ukraine. This choice is determined
primarily by the fact that the countries border each other and have a lot in general in
cultural or communication aspects. And, the most important thing is that Poland is a
member of the EU, and Ukraine is applying for membership, which requires
standardization in many areas with the EU, including the development and
implementation of medical physics.

Based on the results of the analysis of the combination of selected tags,
2,048 documents were recorded in the Scopus database. h-index of the studied group
of publications was h = 58, which is a high indicator for such a number of published
materials and indicates the relevance of this direction.

In historical perspective, the first publications date back to 1931, but the first
papers with justification of the training process of medical physicists date back to
1947 (Schmitt, 1947) and 1948 (Stead, 1948). Unfortunately, the full text are not
available online, nor are the abstracts (including the original journal's web and the
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Scopus database). However, the main direction, which today is decisive for the
development of medical physics, is indicated as the importance of training specialists
in the field of radiology in medicine.

Based on the results of the published papers, a brief historical description of the
development of this area was made based on the search results (www.scopus.com).
After the discovery and explanation of new physical phenomena, researchers actively
tried to find their application in various applied fields, especially in medicine.
Accordingly, the development of the first methodical materials were reasonably aimed
at improving the knowledge of the doctors themselves in related fields, such as physics,
biology, biochemistry, etc. Even the first article purely on the importance of studying
medical physics was aimed at medical students (Rauser, 1954).

A special starting point for the development of medical physics in the 1950s and
1960s was the achievements in radiation therapy and nuclear medicine. And already
in 1958, the American Association of Medical Physicists (AAPM) was founded, and
American universities began to offer separate courses related to medical physics.

Education programs in medical physics began to appear at leading universities in
the United States, Canada, and Europe in the 1970s. And in the 1980s, Master's
programs in medical physics were opened in Great Britain and Germany. In the
1990s, such programs began to emerge in Asia and Australia, prompting a demand
for standardization and accreditation of educational programs and harmonization of
curricula. And since the 2000s, this problem has acquired a large-scale character,
which caused a real surge in publishing activity on the subject (Fig. 1). Various
international organizations have begun to provide accreditation for such programs
based on developed methods. One of the most well-known is the Commission on
Accreditation of Educational Programs in Medical Physics (CAMPEP)
(https://www.campep.org/).

Documents by year Scopus

Documents

581 190 147 1945 1583 ] %8 15¢7 1504 2003 aum Wy ser

Year

Conyright © 2034 Eaewer 11 V. All ights ressevect Booound o # registemd baderrase of Bsevier 8.V,

Fig. 1. Dynamics of publication activity in the field
of ""Medical Physics" over the years
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And since the 2010s, such programs have experienced new challenges associated
with an emphasis on interdisciplinarity, including additionally engineering,
computer science, and biology (Starkschall, Beckham, & Hendee, 2013). At this
time, a significant number of review materials have been published, which
demonstrate various stages of the development of medical physics throughout the
world, as well as features that are characteristic of individual countries. For example,
review articles (Shen et al., 2020; Fiorino et al., 2020; Kurz et al., 2020; Podgorsak,
2006), although there are much more of them.

Let's consider the main trends regarding the scientific justification of the
development of the educational component of medical physics. As indicated above,
the pioneers in the development of medical physics were the universities of the USA,
which have remained in the leading positions even today (Table 1). However, if they
are unequivocal leaders in terms of the number of papers, then the citations level
(right column) shows that universities in Europe, Canada and China competitively
offer their current approaches.

Table 1
List of the most cited and institutions and those that published
the largest number of scientific and methodological materials dedicated
to medical physics

Leading institutions
(most publications)
University of Texas MD Anderson | Harvard Medical School, Boston, MA, U.S.
Cancer Center, U.S.

The most cited scientific centers

Harvard Medical School, U.S. Institute of Cancer Research, Royal Marsden
NHS Foundation Trust, UK

University of Washington, U.S. McGill University, Montreal General Hospital,
Canada

University of Wisconsin-Madison, University Medical Centre Maastricht,

U.S. Netherlands

University of Michigan, U.S. University of Macau, China

Mayo Clinic, U.S. University of Illinois, U.S.

International Atomic Energy University of Texas Health Sciences Center, U.S.

Agency, Austria
Massachusetts General Hospital, U.S. | Pennsylvania State University College of
Medicine, MS Hershey Medical Center, U.S.
Medical College of Wisconsin, U.S. | Mayo Clinic, U.S.

University of Washington School University of Southern California, U.S.

of Medicine, U.S.

Another aspect worth analysing and from which conclusions can be drawn
concerns the scientific journals in which research is published on the subject under
consideration (Table 2). Unequivocal leaders are specialized journals in medical
physics, which have a good CiteScore indicator. Moreover, it is worth noting that
scientific publications of this level (table 2, positions 1-8) are undoubtedly available
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for the publication of results of a high scientific level, which are obtained by
researchers from Ukraine or Poland. Positions 9 and 10 are top journals, indicating a
clear recognition of the need for this type of research for the global community. Thus,
Nature and Science Journal's publish generalized new materials that were previously
studied by powerful scientific groups in large international scientific centres and
research consortia. Such published results shape the directions of human development.

Table 2
The list of the most cited scientific publications in the scientific community regarding
the development of the methodology of training medical physicists

Journal title CiteScore 2023
Medical Physics 6.8
Ifmbe Proceedings 1.0
Health Physics 4.2
Physica Medica 6.8
Journal of Applied Clinical Medical Physics 3.6
International Journal of Radiation Oncology Biology Physics 11.0
Journal of the American College of Radiology 6.3
Australasian Physical and Engineering Sciences in Medicine 2.0
Nature 90.0
Science 61.1

Fig. 2 demonstrates the interdisciplinary nature of the training of medical
physicists. Moreover, in our case, it is not only medicine and physics, but also a set
of areas such as biochemistry, engineering, IT, etc. This paper does not address the
new and promising current aspect of interdisciplinary research related to Al. But,
according to new publications with high citations, it is Al that will significantly
expand the development of interdisciplinary research in medical physics in the
coming years (Xu et al., 2021; Thompson et al., 2018).

Now we will very briefly consider the most general publications in which
specialists from Poland and Ukraine publish their research works on the development
of medical physics (Table 3).

The analysis of Table 3 shows that successful papers of university scientists from
Poland are published in Journals that are rated significantly higher than the world
average (Table 2). Most of these publications focus on radiation oncology. And this
direction fully meets the European standards for specialists in medical physics
"Medical Physics Expert". The top publications for Ukrainian researchers, as can be
seen from the same table, is the Ukrainian Physical Journal (UPJ), which is primarily
focused on research in physics. Among the international editions, conference
Proceedings are the top ones, moreover, most of the conferences took place in
Ukraine, although they had international status. On the one hand, UPJ is an open
access journal, however, the world community of medical physicists is more focused
on highly specialized publications (Table 2), which makes the ideas or proposals of
Ukrainian scientists, although open, but little known to the world community.
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Documents by subject area Scopus
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Fig. 2. The subject area of research on methodology for the training
of medical physicists

Table 3
The most cited Journals in which scientists from Poland (left column)
and Ukraine (right column) publish their research on the development
of the educational component

Poland Ukraine
Journal CiteScore 2023 Journal CiteScore 2023

Journal of 10.0 Ukrainian Journal of Physics 19

Translational Medicine ' '

Radiotherapy 2021 IEEE 2nd KhPI Week

and Oncology 10.3 on Advanced Technology, n/a
Conference Proceedings

European Journal of Proceedings of SPIE —

Cancer 115 The International Society 0.5
for Optical Engineering

Therefore, one of the proposals for increasing the "visibility" of Ukrainian
publications in the world, and therefore increasing their perception, is the need for
national standardization of the direction and harmonization with standards already
accepted in the world's one. In addition, the direction of internationalization of such
developments is important for Ukraine. Joint publications will allow (1) to bring
closer the decision regarding the standardization of the training program for medical
physicists, and (2) to expand research opportunities due to the joint use of the
material bases of each institution of such an international consortium. Therefore, one
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of the solutions may be the beginning of the development and approval of joint
educational programs in the field of "Medical Physics".

Discussion and conclusions

The publication of current results in purely "physical” or national journals does
not contribute to the high rate of progress of medical physics in Ukraine. Instead,
narrow-profile international publications, which are known to the world community
in the field of medical physics, effectively contribute to the exchange of knowledge,
experience and the creation of active partnerships.

The development of joint educational programs is an important direction for the
development of medical physics in Ukraine. In particular, promising partners of such
joint programs could be partner universities in Poland (geographical and cultural
proximity), U.S. (pioneers of the development of medical physics).

Authors' contribution: Lyubomyr Nykyruy — conceptualization, methodology; Daria Khoma —
data collection, formal analysis; Serhiy Fedosov — selection and data validation; Mirostaw Labuz — data
analysis, writing — revision and editing; Krzysztof Kucab — data validation, editing.

References

European Commission. (2014). Radiation Protection N°174. European Guidelines on Medical
Physics Expert. N 1681-6803 MJ-AX-14-002-EN-C. https://www.efomp.org/uploads/bce2357h-f334-
4c09-95f9-928e€917b719/174.pdf

Fiorino, C., Jeraj, R., Clark, C. H., Garibaldi, C., Georg, D., Muren, L., ... & Jornet, N. (2020).
Grand challenges for medical physics in radiation oncology. Radiotherapy and Oncology, 153, 7-14.

Kurz, C., Buizza, G., Landry, G., Kamp, F., Rabe, M., Paganelli, C., ... & Riboldi, M. (2020).
Medical physics challenges in clinical MR-guided radiotherapy. Radiation Oncology, 15, 1-16.

Nykyruy, L. L., Fedosov, S. A, Yaremiy, I. P., Zamuruyeva, O. V., Tymoshchuk, A. B., & Fedosov, V. S.
(2021). Applied research areas of modern physics: medical and computer physics. Scientific Notes, 72,
36-44.

Nykyruy, L. 1., Yaremiy, I. P., Zamuruyeva, O. V., Tymoshchuk, A. B., & Fedosov, S. A. (2022).
Applied areas of medical physics research. In Current problems of chemistry, materials science and
ecology. Lesya Ukrainka VVolyn National University.

Podgorsak, E. B. (2006). Radiation physics for medical physicists. Springer.

Rauser, V. (1954). Teaching of medical physics. Casopis Lekaru Ceskych, 93(47), 1308-1309.

Schmitt, F. (1947). The growing importance of physics in the premedical and medical curriculums.
Archives of physical medicine and rehabilitation, 28(2), 71-75.

Shen, C., Nguyen, D., Zhou, Z., Jiang, S. B., Dong, B., & Jia, X. (2020). An introduction to deep learning
in medical physics: advantages, potential, and challenges. Physics in Medicine & Biology, 65(5), 05TRO1.

Starkschall, G., Beckham, W., & Hendee, W. R. (2013). Accreditation of medical physics
educational programs in North America. Med. Phys. Int, 1, 22-26.

Stead, G. (1948). The place of physics in the training of the medical radiologist. The British Journal
of Radiology, 21(248), 373-379.

Thompson, R. F., Valdes, G., Fuller, C. D., Carpenter, C. M., Morin, O., Aneja, S., ... & Thomas
Jr, C. R. (2018). Artificial intelligence in radiation oncology: a specialty-wide disruptive
transformation? Radiotherapy and Oncology, 129(3), 421-426.

Wisz, G., Nykyruy, L., Yakubiv, V., Hryhoruk, I., & Yavorskyi, R. (2018). Impact of advanced
research on development of renewable energy policy: case of Ukraine. International Journal of
Renewable Energy Research (IJRER), 8(4), 2367—-2384.

Xu, Y., Liu, X., Cao, X., Huang, C., Liu, E., Qian, S., ... & Zhang, J. (2021). Artificial intelligence:
A powerful paradigm for scientific research. The Innovation, 2(4), 100179.

OrpumaHo pexakuiecrw 30ipuuka / Received: 03.09.24
IIpopeunen3oBano / Revised: 20.09.24
CxBajgeno a0 apyky / Accepted: 23.10.24

66 Bunyck 1



MeauyHa ¢izuka - cydacHU# cTaH, Npo6JieMH, HUISIXU po3BUTKY. HoBiTHI TexHoJ1OTii

Jiiw6omup HUKUPYM1, kanp, dis.-MaT. HayK, npod.
ORCID ID: 0000-0002-3754-0348
e-mail: lyubomyr.nykyruy@pnu.edu.ua

Japis XOMAY, acm.
ORCID ID: 0009-0001-3339-4515
e-mail: dariia.khoma.21@pnu.edu.ua

Cepriit ®EJJOCOB?, a-p ¢is.-maT. HayK, npod.
ORCID ID: 0000-0003-3457-8911
e-mail: Fedosov.Serhiy@gmail.com

Mipocnag JIABY33, a-p dinocodii

Scopus ID: 9247772300

ORCID ID: 0000-0002-3742-470X

e-mail: mlabuz@ur.edu.pl

Kewmyscbkuii yHiBepcureT, ey, [losbma

Kmmmmrod KYIAB3, kaHa. ¢i3.-MaT. HayK, npod.
ORCID ID: 0000-0001-6157-3775
e-mail: kkucab@ur.edu.pl

1[IpukapnaTcbKUM HallioHa/IbHUH YHiBepcUTeT

imeni Bacuiis CtedpaHuka, IBaHo-PpaHKiBChK, YKpaiHa

2/lynbKuil HallioHa/ILHUM TeXHIYHUH YHiBepcuTeT, JIynbK, YKpaiHa
3)KemyBcbKkui yHiBepcuTeT, ’Kemys, [Tosbma

MEJIUNYHA ®I3UKA B YHIBEPCUTETCBbKUX ITIPOT'PAMAX:
BUKJ/IUKH JJ/141 YKPATHU

OcsimHs npozpama "MeduuHa pizuka’, ska BUHUK/IA HA NOEOHAHHI MeduyuHU ma izuKu,
Yyoice mMae supobieHy cmasicmb y cgimosomy cniemoeapucmsi. /laa Ykpainu - ye Hoeuil
Hanpsam, sKkuii nompe6ye cmaHdapmu3ayii ma zapMoHizayii i3 HasiBHUMU MIMHCHAPOOHUMU
npakmukamu. Y cmammi npoaHanai3oeaHo nyé6aikayii eueHux 3a Hanpamom "MeduuHa
dizuka” 3 memoio 3Hallmu 3aKOHOMipHOCMI 3 NIOMPUMKU Ma PO36UMKY Yb020 HANPAMY Y
cgimi ma 8 YKpaiHi. Po32/151Hymo oco6.1ueocmi MidicHapodHoi cnienpayi, oKpec/1eHO Ko0.10
npogidHux sudaHs y HaOyKosux chepax, npoaHa1izoeano hakmopu enaueoeocmi inHcmumyuyiti
DI3HUX KpaiH Ha po3eumok medudHoi pizuku. /[locaidxnceHHs1 6a3yemMbCs HA pe3y/1bmamax
daHux, wjo ony6ikoeaHi y mixcHapooHiii HaykomempuuHiil 6a3i Scopus. BukoHaHo Kopomkuii
aHaniz dessKux Kjaw4oeux pakmopis, sIki cymmego en/iuearoms Ha po3eUmMoOK MedudHoi
gi3uku, Ha npukaadi Ykpainu ma Iloavwi. Ha ocHogi yvbo20 aHanaizy cghopmy.1608aHO
pekomeHdayii 015 yKkpaiHcbKux dhaxisyis.

Knw4yoBi caoBa: meduuHa ¢bizuka, oceima, ny6aikayii, Scopus, napmHepcmeo 8
oceimi 0151 cmas1020 po36UMKy.
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HAYKOBI CTYAEHTCbKI I'YPTKH
AK EOEKTUBHUHW KOMIIOHEHT CYYACHOI MEJAUYHOI OCBITH

BcTtyn. Haykosi cmydeHmcobKki 2ypmku gidizpaioms NpuHyunoso eajcaugy poas y
nidzomoeyi maiiGymHix ghaxisyie-medukie, cnpusiiovu 21u6GUWIOMy po3yMIiHHIO MeopemuYHUX i
npakmu4Hux acnekmie yiei mixcoucyunaiHapHoi cghepu. Bonu cmeopioioms cepedosuuye, y
SAKOMY CImMydeHmu MOX}Cymb aKmueHo 3a/ayq4amucsi d0 HAYKOBUX 00c/idceHb, Wo Mae
6e3nocepedHiii ensue Ha ixwiil npodgbeciiinuii pozsumok i kap'epHi nepcnekmueu.

MeToOAu. BukopucmaHo meopemuyHi Memodu: aHani3 i cuHmes, a6cmpaz2y8aHHs,
KOHKpemu3ayis, iHOykyias ma dedykyis, Mo0e/108aHHS, 2inomeko-dedyKmueHull ma
cucmemHuii nioxoou.

PesyanbTaTu. BugueHo nidxodu 0o opzaHizayii ma ¢HyHKYIOHY8aHHS HAYKOBUX
cmydeHMcbKUX 06'edHaHb ma ix e3aemodito 6 HHI] "Incmumym 6Gioaozii ma meduyunu” KHY
imeHi Tapaca lllesuenka. IlIpoaHanizoeano doceid po6omu 4HomupboX HAQYKOBUX CMYdeHMCbKUX
2ypmkie: anamomii imeHi B.O. beya, pizionozii imenem 0.I1. Baarvmepa, namodhizionozii imeHi
B.B. [lidsucoybko2o ma imepcusHux mexHoozitl. I[IpodemoHcmposaHo 8UcoKy edhekmueHicms
Yyb020 KoMnoHeHma medu4Hoi oceimu. Iloka3aHo, wjo Haykoei 2ypmku 3a6e3neyyiomv
iHmezpayiio meopemu4HuUx 3HaHb 3 NPAKMUYHOI0 JisLIbHICMIO.

BucHoBKU. BusyeHHa doceidy Haykoeux 2ypmkie € akmyaasHUM 3A80aHHSM,
do3eo0/15€ akyeHmysamu yeazy Ha ix posai y ¢opmyeaHHi eucokokeanifhikoeaHux,
MOmueosaHux i komnemeHmHux ¢baxieyis, wo cnpusie niosuwjeHHIo sKocmi oceimu ma
nidzomosyi cmydenmie 0o npodpeciiiHoi disbHOCMI 8 CyYACHUX yMO8BaX.

Knw4yoBi cimoBa: Haykosi 2ypmku, Memodu Ha84aHHs, iMmepcueHi mexHo.102ii,
3aHaAmMmMA.

Beryn
HaykoBi CTymeHTCBKI TYPTKH € BaXXITMBOIO CKJIQJIOBOIO OCBITHBOTO TIPOIECY Y
BUIIMX HaBUajibHUX 3aknamax (Sporrenko, Ckuba, & Tirapenko, 2015). Ix

MIpU3HAYECHHS MOJIATa€ Y PO3BUTKY HAYKOBOI'O MHCIICHHS, JOCTITHUIIBKMX HABHYOK,
© MognasnoBa Osbra, PemetHik EBAoKisA, [I[pu6uThKO IpHHa,

MuesBenp Pycian, Kopanbuyk Onekcanap, 2024
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rpodeciiftHOro 3poCTaHHs Ta OCOOMCTICHOTO PO3BHUTKY CTY/ICHTIB. BoHU 3a0e3meuyoTh
MOXKJIUBICTH TTHOMIOr0 BUBYEHHS TUCLMILTIH, 3 IKUMH CTYISHTH 3HAHOMIISTHCA ITiJT 4ac
HABYaHHS, 1 CIIPHUSIOTH IX 3aJIyU4EHHIO JI0 aKTHMBHOI HayKOBOi JisutbHOCTI (BepxoBHa
Pama Vipaiau, 2024). Yyacts y HayKOBUX TYPTKax JOIOMAarae CTyACHTaM 3aCBOITH
OCHOBM HAYKOBOTO JOCTI/DKEHHsA, a came: (DOpMYJIOBAaHHs TilloTe3, IJIaHyBaHHS
eKCIIepUMEHTIB, OOpoOKy Ta iHTeprperanito pe3ynsTariB. CTyOEHTH OTPUMYIOThH
MOXJIMBICTh TPAIIOBATH 3 Ja0OpPaTOPHUM OONAJHAHHSIM, [TPOBOJUTH EKCIIEPUMEHTH,
36I/IpaTI/I i aHani3yBaTH JlaHi (HpomeHKO & Cxuba, 2015, c. 149—153) 3Bakarouu Ha
p13HOHIIaHOBICTI> 3aB/IaHb, SIKi MOXYTb OyTH TOCTaBJIeHI Tepen CTY/ICHTaMH-
TYPTKIBISIMH,  Ba)KJIMBO npoaHamsyBam METOAONOTYHY  JOLUUIBHICTH 1
MEPCIEKTHUBHICTh PI3HUX HAIPSMIB pOOOTH HAYKOBUX CTYJEHTCHKUX T'YPTKIB.

MeTtoau

TeopernyHi METOIU AOCITIIPKEHHS TepeadavatoTh aHalli3 Ta CHHTES, 10 J03BOJISE
JIETANBHO PO3TIISIATH CTPYKTYPY TYPTKIB, IXHIO JiSUTBHICTH Ta PE3YNIbTATH, a TAKOXK
00'eIHYBaTH OTPUMAaHi JaHi 1st GOPMYBaHHS LUTICHOTO YSBICHHS MMPO TXHill BIJIMB
Ha TMIiATOTOBKY CTYAEHTIB. AOcCTparyBaHHsS Ta KOHKpPETH3allis JIONOMAararTh
BHU3HAYHUTH OCHOBHI XapaKTEPUCTUKHU YCIIITHAX HAYKOBHX T'YPTKIB 1 3aCTOCYBATH IIi
3HAHHS I BJIOCKOHAJIEHHS TXHBOI poOOTH. IHIYKIs Ta IEIYKIisS CIPHUSIIOTH
BHBEJICHHIO 3araJIbHUX MPHHIUITB (QYHKIIOHYBaHHS TYPTKIB 3 OKPEMHUX BUIAJIKIB
Ta KOHKpETH3allii X MPUHIIMIIB Y peajbHUX yMOBax. MOJENOBaHHS JI03BOJISIE
CTBOPIOBATH TEOPETHYHI MOJIEN OpraHizalii Ta poOoTH TypTKiB, 110 MOXYTh OyTH
TepeBipeni Ha mpakTuii. ['inoTeTuKo-AeNyKTUBHUI MeTO] 3a0e3euye BUCYBaHHS
rimore3 moao eheKTUBHOCTI PI3HUX ACHEKTIB AiSUTBHOCTI TYPTKIB Ta iX MepeBipKy
Ha OCHOBI 3i0paHux maHuX. CHCTEMHUN MiAXiA TO3BOJSIE POTISAATH TYPTKH SK
YaCTUHY IIUPIIO] CUCTEMHU OCBITHBOI'O IPOLECY, YPAaXOBYIOUM X B3a€MO3B'S3KU 3
THITIMMY eJIEMEHTaMH IIi€1 CUCTeMH. BHKOPHUCTaHHS X METOIB CIPHSIE TIINOIIOMY
PO3YMIHHIO pOJIi HAyKOBHX TYpPTKiB y mpodeciiHOMYy pO3BUTKY CTYACHTIB 1
(hopMyBaHHI iX TOCTITHAIBKAX HABIUYOK.

PesyabTaru

Ha xadenpi ¢iziomorii ta anaromii HHI[ "lactutyt Giomorii Ta memummHHA"
MopoTOTIIHIH HAyKOBUH KITyO 3a6e3neuye (pyHKIIOHYBaHHS YOTHPHOX HAYKOBHX
ryprkiB. KepiBHuku ryprka anaromii imerni B.O. bema cTaBmaTh Taki 3aBHaHHS:
HaJaTH CTyIEHTaM MOXKITUBICTh TNIHOIIIE 03HAHOMUTHCS 3 Oy T0BOIO JTIOJCHKOTO TiNa,
(YHKIiSIME OpraHiB 1 CHUCTEM, 3ay9UTH MalOyTHIX MEIWKIB 10 TPOBEIECHHS
HayKOBHX JIOCIHI/KEHb, EKCIIEPUMEHTIB Ta aHAI3y AaHWX. TeopernyHa CKIaJoBa
TypTKa Tiependadae TMPOBEACHHS pEryIspHUX JIeKIii 1 ceMmiHapiB 3 aHaTOMii
JIOJVHY, Ha SKAX BUCTYNAIOTh IMPOBIMHI BHKIAmadi Ta HayKoBmi. llpaktmuHa
CKJIaJIOBa TypTKa Iiepeadadae poOdOTy 3 aHATOMIYHUMHE TIperapaTaMiu, HaBYaIbHUMH
MyISDKaMH Ta 3aHATTA B J'Ia60paT0p15{X BIpTYaJbHOI PEANbHOCTI (VR) HHIJ
"[HcTuTyT Olonorii Ta MemMIMHHM', IIO IO3BOJNSE MaKCUMAJIBHO Bi3yalli3yBaTu
HaBYaJbHUI Martepian, a 1€, y CBOIO Yepry, CHpPUSE PO3BUTKY BAXKIMBHX
npodeciiiHuX HaBUYOK. TakuM YWHOM, [iSUTBHICTH IBOTO TYpPTKa J[O3BOJISIE
CTyJEHTaM OTpUMATH I[IHHUW JTOCBiJl, TAKUH HEOOXiMHUU Ui IXHBOI MailOyTHHOI
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npodeciiiHoi  misubHOCTi, 1  cmpusie  (GOpPMYBaHHIO  HOBUX  IOKOJIHB
BHCOKOKBaTi(DIKOBaHMX MEJIVKIB Ta HAYKOBIIIB.

I'yprox oizionorii imeni O.I1. Banbrepa mae nexinbka HampsiviB pobotu. o
TEOPETUKO-TIPAKTUYHOTO HANpPsIMy HaJeKUTh OOrOBOPEHHS aKTyalbHUX AacIEKTiB
(hi3100r TYHUX JOCHI/PKEHb 1 3HAYEeHHsS] HAYKOBHX BIKPUTTIB y iziomorii s
PO3BHUTKY MEIUYHOI HayKH; MPEACTABICHHS Ta 0OrOBOPEHHSI HAYKOBHX JIOTOBIICH
CTYICHTIB — YYaCHUKIB TypTKa. TeMaTuky JOmoBifel IPOMOHYIOTh CaMi CTYIEHTH 3
OOTpYHTYBaHHSIM aKTyaJbHOCTI OOpaHOrO HAayKOBOIO HAmpsiMy, IO JO03BOJISIE
HABYUTHCSI TPAMOTHO OIEpYBaTH pe3y/bTaTaMU BJIaCHOIO HAyKOBOTO IOIIYKY Ta
KOPEKTHO BECTH HayKoBy Juckycito (Tirapenko, 2015, c. 243-247).

[Ipaktuunuii HampsiM poOOTHM TypTKa Iependavyae MiATOTOBKY HaBYaIbHUX
BiJleoMaTepialiiB, BiJIIIOBIIHO 10 po0O040i HaBUAIBHOI ITporpamMu 3 pizionorii. 3a qBa
pOKH pOOOTH TypTKa MiJIFOTOBAHO JIEKUJIbKA HABUAIBHHMX BIJE€O, SIKI YCIIIIHO
BHUKOPHCTOBYIOTH Yy Ipolieci BUKIaAanHs ¢izionorii. ll{e oguH nmpakTHYHWUI acriekT
JUSTBHOCTI — pobora 3 oONajHaHHSAM 1 METOIUKAMH, SIKi 3aCTOCOBYIOTh Y
(dizionoriyHUX  JOCHIPKEHHSX M 9Yac METUKO-IaTHOCTUYHUX  OOCTEXEHB
(3okpema, EKT,, EEI Tomr0).

HisuteHicTh TypTKa marodizionorii imeni B.B. ITimBucoripkoro 3ocepemkeHo Ha
PO3MIISANL AKTYaIbHHUX MPOOJIeM CydacHO! MeuIHN. Ha 3aciaHHs rypTka peryispHo
3aMpOIIYIOTh JIKAPiB-KIIHIIKCTIB 13 MPOBIJHUX 3aKNIaJiB OXOPOHH 3JIOPOB'S MicTa
Kuera, a takox iHmmx kpain. [lim yac 3acizaHb TypTKIBIlI MarmOTh MOXJIMBICTh
ONAHOBYBATH IHCTPYMEHTAJIbHI METOMM JOCTHDKCHHS Ta O3HAWOMUTHCS 3
TIarHOCTUIHMMH ~ TIOPTPETaMH  BHBYCHHMX TIATOJIOTIM, 30KpeMa Ha amapari
YABTPa3BYKOBOI JIarHOCTHKH, IO € IMPaKTHYHHM HANpsMOM poOOTH TypTKa. [[Boe
TypTKiBIB Oy 3amydeni mo y4acri B "Gynecological Endocrinology the 21st World
Congress" (Itaist, m. ®mopentist, 8—11 tpasrst 2024 p.) SIK CIIIBABTOPH IBOX IIOCTEPHUX
nonoBimeit (Kosuuenp €. O., ynmsaxosa . 1.). YV morouHomy HaBYaIbHOMY POIT
TYPTKIBIII CTaJIM TIEPEMOXIIMU Ta Tpu3epamu | Typy BceykpaiHChbKOro KOHKYpCY
CTYACHTCHKHX HayKOBHX poOIT 3i crerianbrocti "Memununa” (I"onoBarenko FOumist
AmnpipiiBHa, 2 Kype 2 rpyma), a Takok XXI MixuaposHoi koHdepenirii "[1IeBueHKiBCbka
BECHA: IOCATHEHHS B HayKaX IO JKUTTS .

I'yprox iMepcHBHHMX TexXHOJNOTIH Ta JabopaTopis BipTyalbHOI peaJbHOCTI €
Ba)KJIMBOIO CKJIA/IOBOIO CYYaCHOI'0 HAaBYAJIHHOTO MPOLECY VIS CTYACHTIB-MEIUKIB.
Buxopucranus imepcuBHUX TexHOnorii — BiptyansHoi (VR) Ta momoBHeHOT
peanbHOCTI (AR) — Haae MOXIIUBICTh MIIBUIIUTH SKICTh OCBITH, 3pOOHTH ii OUTBII
IHTEpaKTHBHOIO, JOCTYyMHOW Ta edekruBHOoO (Bomuuens, 2021, c.40-47).
Buxopucranus VR-TexHomoriii momomarae CTy[qeHTaM Yy BHBUYEHHI aHaTOMii
JOJCHKOT0 TiMa y TPUBHUMIPHOMY MpocTopi. CTYAEHTH MOXYTh AOCIIIKYyBaTH
BHYTpIIIIHI OpPTaHH, CHUCTEMH Ta CTPYKTYPH Tia 3 BHCOKOI JeTaji3alli€lo, IIo
cripusie rmbmomy posyminaio Matepiany (Kovalchuk et al., 2020, c. 158-164).
BipryaneHi CHMyJISTOPH JO3BOJISIIOTH CTYJEHTaM BiIIpalboOBYBATH MEIWYHI
MaHIMyJsIil, Xipypriuai BTpYYaHHs Ta iHII KITiHIYHI TPOIENypH B OE3MeYHOMY
cepenoBuii. lle 3HWKYe PU3MK TOMWIOK Yy peabHIA KITIHIYHIA TPaKTHI Ta
MiZBUIIYEe BIEBHEHICTh y CBOI cujax sAK MailOyTHiX JikapiB. CTBOpeHHS
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peayicTHYHMX KIIHIYHUX CIeHapiiB 3a momoMoror VR nomomarae cryngeHtam
BiJNpalbOBYBaTH AIarHOCTUYHI Ta TEPaleBTHYHI HaBUYKH, IPUAMATH PILICHHS B
yMOBaX, 110 HAOJIKeHi 10 peanbHuX. Lle crpusie po3BUTKY KIHIYHOTO MHUCIICHHS
Ta MiArOTOBIII 10 poOOTH B peasibHUX yMoBax (Manunbka, 2021, ¢. 110-113).

Jduckycis i BUCHOBKH

Bzaemonist ryptkiB "Mopdonoridyaoro kinyoy" kadeapu dizionorii Ta anaTomii
HHIJ InctutyT Gionorii Ta Meauiuau KUiBCHKOro HaIliOHAJIBLHOIO YHIBEPCUTETY
imeni Tapaca IlleBueHka — BTl METOMOJNIOTTYHUI MIAXIA 10 iHTErpamii MEIUKO-
OlOJIOTTYHUX HABYAJBHUX IUCHUIUIIH B €IUHUNA OCBITHIM KoMIuIekc. IojIoBHa
nepeBara HayKOBHUX TYPTKIB — MOXJIMBICTD JUIS CTYACHTIB MPAIFOBATH i3 Cy4acCHUM
oOnagHaHHsAM. [IpakTHuHHI OCBig POOOTH 3 TEXHOJOTISIMH HE3aMiHHUHN IS
MIJITOTOBKA ~ BUCOKOKBaJIi(hikOBaHUX  crerianictiB. HaykoBi TypTKM TakoX
CHPUSIOTH PO3BUTKY JOCTITHUIBKMX HABUYOK, 1110 HEOOX1IHI /IS YCHIIIHOT Kap'epH.
CTylneHTH HaByaroThcs (OPMYINIOBATH TilOTE3M, IUIAHYBATH Ta MPOBOJAMTH
EKCIIEpUMEHTH U OOCTEeKEHHS, aHami3yBaTW W IHTEPHpPETYBaTH IOCHIAHY Ta
JTIarHOCTUYHY 1H(QOPMAIIIO.

Buecok aBTopiB: Onbra [ToananoBa — HaMMCaHHS OPUTI'iHAIBHOI YepHETKH; €BIOKis PemerHik —
KoHIenTyanizauis; Ipuna IpubnuTbko — HamMcaHHS, neperyian i penaryBanHHs; Pycnan MHeseub —
MmeTtozonoris; Onexcannp KoBansayk — Baniu3aiis JaHUX.
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SCIENTIFIC STUDENT GROUPS AS AN EFFECTIVE COMPONENT
OF MODERN MEDICAL EDUCATION

Introduction. Scientific student circles play a fundamentally important role in the
training of future medical specialists, contributing to a deeper understanding of the
theoretical and practical aspects of this interdisciplinary field. They create an environment
where students can be actively involved in scientific research, which has a direct impact on
their professional development and career prospects.

Methods. The research uses theoretical methods such as analysis and synthesis,
abstraction, concretization, induction and deduction, modeling, hypotheco-deductive and
systemic approach.
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Results. Approaches to the organization and functioning of scientific student
associations and their interaction in the ESC "Institute of Biology and Medicine" of Taras
Shevchenko KNU were studied.

The work experience of four scientific student circles was analyzed: the anatomy circle
named after V.0. Betsa, circle of physiology named after O.P. Walter, the pathophysiology
circle named after V.V. Pidvysotsky and the immersive technologies circle demonstrates the
high efficiency of this component of medical education. It has been demonstrated that
scientific circles provide integration of theoretical knowledge with practical activities.

Conclusions. Thus, writing an article about scientific circles is a relevant and
important task that allows to emphasize their role in the formation of highly qualified,
motivated and competent specialists. This contributes to the improvement of the quality of
education and scientific research in higher educational institutions, as well as the
preparation of students for professional activities in the conditions of modern society.

K eywords: scientific circles, teaching methods, immersive technologies, classes.
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AJITOPUTM HOCTPUPIKALIT MEAUYHUX PI3UKIB
BIAIIOBIAHO 10 BUMOT EBPOCOIO3Y

IlposedeHo aHaniz memodUYHUX 3aKOHOOABYUX aKmie eeponelicbKux opzaHizayiii
wodo npodheciiinozo susHaHHa (paxieyie 3 meduuHoi pizuku. Y3azabHeHO pe3yabmamu
8/1acHO20 doceidy, HasedeHo ainzopumm Hocmpudbikayii cneyianicmis, 3a3Ha4eHO wLIsAXU
8u3Ha4yeHHs keauighikayii meduyHo2o dhizuka 8ionosioHo do sumoe €C. /1 noainweHHs
cmamycy meduyHoi ¢hizuku e Ykpaini ma odpiyiiiHozo eusHaHHsA MeduyHux d¢hizukie
Heo6Xxi0HO 2apMoHIi3yeamu HA8Ya/IbHi npozpamu, po3poéumu Kypcu nicasaduniomHoi
oceimu medu4Hux ¢pi3ukis, ki He Maloms 6e3nocepedHs0 dunjiomu "MeduyHa ghizuka’,
po3po6umu npozpamu cheyianizayii meduuHux ¢pizukis, yyrcumu 3axodie 3 npueedeHHs
wmamHux po3nucie do €sponeiicbkoi pamku Keaighikayiii.

KnwuyoBi cinoBa: meduyHna cpizuka, cpaxieyi 3 meduuHoi hpizuku, eu3HaHHS,
Hocmpudpikayis.

Beryn

Benmnuesnuii mporpec y CydacHIid MEmWIIMHI 3a OCTaHHI JECATIINTTA OyB
3HAYHOI MIpPOI 3amo4YaTKOBaHUK 1 C(OPMOBAHHMHM BHECKOM MEIUYHOI (Di3HUKH.
VYcmimHe, epekTUBHE Ta TpaMOTHE 3aCTOCYBAaHHsS HOBITHIX 3HAaHb Y MEIHKO-
KIIHIYHUX 1 TePEIKITIHIYHUX JOCTIIKEHHIX 0TPe0ye y4acTi MeAUYHUX (i3HKIB K
y cepi BUKOPUCTAHHS 10HI3yI0UOTr0, TaK 1 HEIOHI3YI0YOT'0 BUIIPOMIHIOBaHHSI.

KsamigikamiitHi BUMOrH 10 MEIWIHUX (Di3UKIB BHUKIAJACHO B €BPONEHCHKUX
KepiBHUIITBaX 3 pamiamitaoro 3axucty Ne 174, Kepisaunrei MAI'ATE 3
ceprudikamii MemguIHMX (I3UKIB, PEKOMEHIAIAX CBpONEHChKOi acomiarmii
menmaanx ¢i3ukiB (EFOMP) Ta iMmiemeHToBaHO B KpaiHax €BpOCOIO3y.
BiamosimHo 10 BUMOT IIUX OpraHi3alliid KBamidikallis, piBeHb MiArOTOBKH Ta JOCBIT
MEIUJIHOTro (hi3MKa BHU3HAYA€ KOMIICTCHTHHH (paxoBuit oprad. Ilicms BimmoBimHOL
aerm/ITauu MEIUYHUN (BI3UK MOXe OYTH 3aydeHHUH 10 JO3UMETPii MAIli€HTIB,
PO3pOOKM 1 BUKOPHCTaHHS CKJIAJIHUX MPOLEAYp Ta OOJaJHAHHS, ONTHMI3allil,
3a0e3MevYeHHs IKOCTI, BKJIFOYAF0UH KOHTPOIb SIKOCTI, 8 TAKOXK MOXE BUCTYIMATH 5K
eKCITepT 3 IHIKMX MMUTaHb PaTialiifHOl Oe3IeKH.

Mennunanii Qi3uk 6e3mocepeHbO TOTyJaEThCS 10 MPOLIECY MPOMEHEBOT Teparrii
MarfieHTa Ta CTaHIapPTHUX MPOLIEAYP SAEPHOI MEAUIIUHHI. J{JIst IHITUX PaIioNOriYHUX
nporeayp (pPEeHTTeHOMIarHOCTHYHUX, CKPHHIHTOBUX TOIIO) MEIUYHUN (i3UK Mae
OyTH 3ayydeHHd 0 TPOIECY ONTUMI3allil PEHTIeHOAIATHOCTHYHHUX MPOLEAYD,
MIPOBEJICHHS ayUTIB, HECTAHIAPTHUX MPOLEAYP, TIOPUIHIX METOJB TIarHOCTHKH
Ta MHUTaHb PAJiallifHOTO 3aXHUCTy IIiJ] Yac MeJUYHOro omnpomiHeHHs (European
Commission, 2014; IAEA, 2021; Byrne et al., 2023).

© Hocuk Ouibra, 2024
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Ha cporomui Oinpmiicte (axiBumiB i3 Mean4Holi (i3uKH, MO MPALIOTb Y
Jiep KaBHUX OHKOJIOTTYHUX HEHTpax YKpaiHu, 3aiMaroTh ocaan iHxkeHepiB-(i3uKiB
Ta IHXKEHEePIB-pPaioNoriB 1 MalOTh JUIJIOMHU CIICIIATICTIB / MaricTpiB y CyMDKHHUX
ramy3sx ¢isuku Ta imkeHepil. IlutaHHS y3romkeHHs mocaau, KBaigikarii,
o(iiiiHOro BU3HAHHA Ta CTaTycy MEAUYHUX (DI3UKIB Yy CUCTEMi OXOPOHH 370POB'S
VYkpaiHu € BIAKpUTHM HE OJIMH PiK.

Uepes moBHOMacmiTabHE BTOPTHEHHs pocii Ha Tepuropito Ykpainu Oarato
CHeialicTiB pi3HUX mpodecii BUMYIIEHI Oylu BHUIXaTH 3a KOPJOH. Y IJIOMY
MUTAaHHS HOCTpHUQiKalii yKpaiHChKUX JUIIIOMIB 1 TpodeciiHOro BU3HaHHS (axiBIliB
CTaJlo CYTTEBUM Jyisi 0araTboX CHEIaIbHOCTEH uepe3 HEey3rOKeHiCTh
YKPaTHCHKOT'O Ta €BPOMEUCHKOr0 3aKOHOaBCTBA. OCOOIMBO TOCTPO CTOITH MUTAHHS
HocTpudiKaii Ta KOHKYPEHTOCIIPOMOXXHOCTI 3 €BPOMEHCHKHMMH KOJETaMu JUIs
(axiBIiB i3 MeAMYHOT (I3MKH, OCKUILKA B MTOBHOMY 00CS31 HE BUPIIIEHO MUTAHHS
BHM3HAHHS ITi€T CIIEI[IaJIbHOCTI B Y KpaiHi.

Meta po0oTHM — aHaNi3 aNTOPUTMYy Ta BH3HAYEHHS IUIAXIB HOCTpHQiKamii
MeIMYHUX (I3UKIB BIAMOBITHO 0 BUMOT €Bpocoto3y. [IpoaHanizoBaHo METOMYHI
1 3aKOHOJIaBUi aKTU €BPOINEHCHKUX OpraHizamii mojao mnpodeciifHoro BU3HAHHS
(daxiBIiB 13 MeIu4HOI (i3MKM. Y3arajbHEHO PE3yJIbTaTH BJACHOTO JOCBiAy Ta
HaBEJCHO aJrOpuTM HoCTpu(ikamii CHeiamcriB BIAMOBIAHO 10 odimiiHOT
MpoIeaypd Ha TPUKIAIl aBCTPIMCHKOrO0 3aKOHOAABCTBA, 3a3HAYEHO NUISXU 3
BH3HauUeHHS KBamidikaiii MeauuHoro ¢isuka 3rigHo 3 sumoramu €C.

Amnani3 3akoHOomaBuMX akTiB €C mokaszas, IO IS TPOMaIsH €BPOIEHCHKOr O
Corozy abo €Bpomeiicbkoi €KOHOMIYHOI 30HHM, a TakoX rpomasnsH llIBeimapii,
JIOCTYIl 10 peryaboBaHux Tpodeciii perymoe HupektuBa 2005/36/EC mpo
npodeciiine Busnanus (European Parliament, 2005). JlokymeHT mependavae
TpaBujia B3a€EMHOTO BU3HAHHS TTpodeciiHuxX KBamidikalliit, mo 3ade3mneuye BUTbHAN
JOCTYII IO PUHKY TIpari AepkaB-wieHiB. HeoOXiMHO 3a3HAYNTH, IO MTEPETYMOBOIO
st TipobeciifHOTO BU3HAHHS YKpAIHINB y KpaiHax €C Mae cTaTh BiAIOBiTHUIN
npodeciifamii 3ak0H B YKpaiHi.

Biamosigao o JupexktuBu 2005/36/EC icHyroTh aBa NLJISAXW BHU3HAHHS
OUTIOMIB. [lepwum 1 HAUTPOCTINIAM MDISXOM OIIIHIOBAHHS € CIIPOIIEHA
Ipoleaypa BHU3HAHHS IUIJIOMAa, 3a SKOI HAJAae€Thesd OQIIiHHMA BHCHOBOK 13
MOPIBHSIHHS JUILIOMA 3aKOPJIOHHOIO 3pa3Ka 3 BIANOBITHOIO cremianbHicTIo B €C,
iH(hopMarIiiro Mpo HaBYATBLHUHN 3aKiad, OCHOBHY Kiach(ikailito (piBeHb, 00CST
ocsitu Tomo) (European Parliament, 2005). Heo6xigHO 3a3HaYUTH, IO 3 JEIKMMU
KpaiHamu, ski He € wieHamd €C, iCHYIOTh IBOCTOPOHHI yTOmu, SIKi TapaHTYIOTh
€KBIBaJICHTHICTh JIUTIJIOMIB ITPO BUIILY OCBITY.

Jpyruii 1unisax BU3HAHHS JWIDIOMIB CckimamHimmwid. Ha BimMmiHy Big Oinmbimocti
IEKEHEepHUX HE PErjaMeHTOBaHMX Mocaj, 10 (axiBLiB 3 MequuyHOi (Gi3uKH, K 1 10
JKapiB, BHCYBAlOTh OUIBII BHCOKI BHMOIH, OCKUIBKH ISl Kareropis QaxiBIiB
Oe3nocepeHpO 3aTydeHa JI0 TPoIecy TIarHOCTHKH Ta JIiKyBaHHA mamieHTiB. [locama
MEIMYHOro (hi3rKa € BU3ZHAHOI MEIUYHOIO Iipodeciero B kpainax €C. ko mequaamit
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(i3UK Mae IUIUIOM KpaiH, IO HE BXOIATH J0 €BPOCOIO3Y, 1 Ma€ HaMip OTPUMATH
BiINOBiTHY €BPOIENHCHKY cepTr(iKaLliro, HE0OX1IHO MPOUTH MPOLEAYPY HOCTpUdiKarii
— BU3HAaHHS IHO3EMHOrO JWIUIOMAa SK TIOBHOIO €KBIBaJCHTAa BiAMIOBIHOIO
eBporieiicbkoro crymens. [licns HocTpudikamii IUIIIOMa, IO MOXE TPUBATH Bif
KUTBKOX MICSINB JI0 POKY U OLIbIle, HOMIHAHT Ma€ PIBHOMPABOBI HACTIIKH, SIK 1
CTIemiaJTicT, M0 OTpUMaB AUIUIOM Kpainm €C, 30kpema, MpaBo 3aiiMaTHCs IEBHOIO
peryiboBaHOO podeciero abo Matu HaykoBHi cTyminb (Byrne et al., 2023).

3a mporec HocTpudikailii BiIIOBIIAIOTh YHIBEPCHTETH, TEXHIYHI KOJESDKI Ta
npodeciiiHi opraHizaiiii, SKi MPOMOHYIOTH BIATIOBIMHUN KypC HABYaHHS 1 MaIOTh KOMICIIO,
1110 YIIOBHOBaYKEHA ITPOBOIUTH OL[IHIOBAHHS KOMITETEHTHOCTI (haxiBiis. OCKiIbKY podoTa
MeIMYHUX (I3UKIB BUMarae crelu@iqHiX MPaKTUYHUX 1 TEOPETHYHUX 3HAHB, SIKi
BUXOJISTH 32 MEXI HaBYaIBHOI TIpOrpaMu Kypcy (izuku, To Menunuauii (izuk norpedye
BIIMIOBIHOT MIC/IS/IMIVIOMHOI OCBITH, MIIBUINCHHS KBaTi(ikaiii Ta Oe3repepBHOIO
npodeciiinoro po3sutky (IAEA, 2021; (European Parliament, 2005).

Bignosinno no pekomenpanii EFOMP Ta €Bponeiicbkol paMku KBasidikariii
(European Qualifications Framework, EQF; http://ec.europa.eu/eqf/home_en.htm)
MenuuHui (i3UK MMOBUHEH MaTH MOBHY BHUIIMY OCBITY (kBasmidikamis "Marictp”) i3
¢izuku, MmenuuHoi (hi3uku abo GioMeanYHOT iHXKeHepil Ta OTPUMATH IOHAHMEHIIe
300 kpenutie 3a cuctemoro European Credit Transfer System (ECTS). 3a
BiaCyTHOCTI (haxoBoi OCBITH 3a creriayibHicTiO "Menuuna ¢izuka” ceprudikart
MeauuHoro ¢izuka B kpaiHax €C Takok MOXKe OTpUMaTH (axiBellb, IO Mae
€KBIBAJICHTHY BHUIIY OCBITY B CYMDKHHUX TaJIy3sX HAYKH, 30KpeMa siiaepHoi (i3ukH,
(hi3uKH pagioHyKIIITIB TOIIIO.

JIsi  BHITYCKHHKIB MaricTpaTypd 3a HAyKOBO-TEXHIYHMM HAIPSMOM, III0
OMM3BKUA 10 MemuuHOi (i3WKHM, TpHW BHU3HAHHI EKBIBAJCHTHOCTI IUIIOMa Ta
JOIMYCKY 10 Tporecy HocTpudikarii (Ui BUITYCKHUKIB KpaiH, 0 HE BXOIITH 10
€Bpocoro3y) abo ceprudikamii (i BUTyCKHUKIB €BPONEHCHKIX YHIBEPCUTETIB, IO
MaloTh CHOpPiTHEHY CHeialbHICTh), O0OB'SI3KOBUM € YCITIIIHE 3aKiHYEHHS TaKHUX
I(prlB (Birkfellner et al., 2020), sx:

* BCTyI J10 Gi3uku abo Kypc 3araiphoi Gizuku (ue mentre 20 ECTS);

» saepHa (dizuka Ta ¢izuka izoromis (10 ECTS);

* JIEKIIil Ta MPaKTHYHI 3aHATTS 3 METOMIB po3paxyHKy y ¢izuti (5 ECTS);

* JIEKIii Ta MpaKTH4HI 3aHATTS 3 npukiagHoi Matemaruku (7 ECTS);

* JIEKIIii Ta TPAKTUYHI 3aHATTS 3 METOMIB MaTeMaTtuaHoro MozentoBanus (8§ ECTS);

* JIeKIIii Ta HaBYaIIbHI 3aHATTS 3 TeopeTnaHoi izuku (10 ECTS).

HominanT MOke mojaTu 3asBy Ha JIOIYCK J0 Tporiecy IpodeciitHoro BUSHaHHS
Yyepes3 Jep KaBHI OpraHd Ta HAIliOHAJIBHI acolliallii MeandHuX (i3UKiB, SIKIIIO BOHU
MaroTh Bi/IMOBIIHI OBHOBasKeHHS Ta BimmoBigHy ceprudikarmito (Birkfellner et al.,
2020). ExBiBasieHTHICTH TpodeciiiHoi ocBiTH (haxiBI[iB 3 IHIIMX KpaiH mepeBipse
OKpeMa KOMICis, 0 SKOi BXOASTH BiJf TPHOX JIO IT'SITH €KCIIEPTIB 3 MEAMYHOI (hi3UKH.
3a HeoOXiHOCTI KOMICiS BCTAHOBIIOE BINMOBiMHI yMOBH Jjsi 3a0e3leYeHHS
JOCSITHEHHSI eKBIBAJIEHTHOCTI Ta MpHUiMae pillieHHs Npo piBeHb kBaidikamii. 3a
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HASBHOCTI aKaJeMi4HOl pi3HUII (axiBeub 3 MEAUYHOI (i3UKH Ma€ 3MOTy MPOHTH
aKpeAUTOBaHI Kypcu 3 MeANYHO1 (hi3uku Oe3 BiApHUBY BiJl BUPOOHULITBA 3 HETOBHUM
pobounM aHEM, cepTU(IKOBaHI OCBITHI Ta HaBYAJIbHI 3aXOjM, NUCTaHIIHE abo
OHJIaliH-HAaBYaHHS, 110 MAalOTh BINNOBiAHY akpeautaniro. [Ipodeciiine BU3HaHHS
¢daxiBUiB i3 KpaiH, IO He BXOIATh A0 €Bpomeiicbkoro Coro3y, MPOBOAATH
BiAMOBIHO 10 KepiBHUX npuHimnie EFOMP (Byrne et al., 2023).

[Iporpama nepekparnidikaiii adbo ceprudikamii daxiBusg 3 Menu4HOi (Hi3UKK 32
HASBHOCTI MiATBEPKEHOT0 €KBIBaJICHTHOT'O AUTUIOMA Tiepeadadae ayalbHy OCBITY
— OTpUMaHHS K TCOPETUYHHX, TaK 1 MPAKTHYHHX KIIHIYHUX 3HaHb. 3100yBady
HEOOX1THO TPOACMOHCTPYBATH JOAATKOBO InoHaimMeHIie 360 roj TeopeTuuHOl
MiIrOTOBKH, cepel skux mioHaiimenme 150 rox y takux chepax (Birkfellner et al.,
2020): amaromist; (isiomorist; 6iodisuka; dGiomaTeMaTrKa; OIOMEIHYHI TEXHOJIOTI;
MEHEDKMEHT MEIAMYHOI0 3aKJIajly; pajiaiiliHa 010JI0ris; paialidHuil 3aXUCT.

3100yBay MOBMHEH TAaKOXK MaTH IioHaiMenIe 210 rof cremniaaizoBaHUX KypCiB
3 MeOuYHOi (BI3UKH 3 MOMNIMONEHUWX 3HAHb 1 MPAKTUYHOTO JIOCBIy B KIIHIYHO
3HAYYIIIH CyOqUCIUIIIIHM MEAUYHOT (PI3UKH, 3HAHHS OCHOB 1 3arajibHUX MPUHIINIIIB
JBOX (MakCHMyM TPhOX) THIINX CYOUCIUTUTIH METUYHOI (i3UKH.

daxoBuil TPAKTUYHUIA Kypc TMICISITUTUIOMHOI OCBITH 32  CHEIialIbHICTIO
"Memuuna ¢isuka" mae go mectu cemectpi (60 ECTS) i € anagorom opanHaTypu
mikapiB. Y ngeskmx kpaimax €C, 30kpeMa B ABCTpii, HIiCISAAIUIOMHHN Kypc
"Memnuna ¢isuka" BimOyBaeThcs Ha 0aszi  KIHIYHUX Kadeap MEAWIHHUX
YHIBEPCUTETIB a00 IemapTaMEHTIB PadioNIorii YHIBEPCHTETCHKHX JIKapeHb 1 Mae
nekimpKka HampsaMie crertiamizaiii (European Commission, 2014; IAEA, 2021; Byrne
et al., 2023; http://ec.europa.eu/eqf/home_en.htm): paxiamiiina onKooriss; MeaUYHA
Bi3yastizaris; saepHa MEIUITNHA ; padiallifHIi 3aXUCT; OITHKA; ayIi0IOTis.

[TincymyeMo BuIIe3a3HadeHe: ISl OTPUMAaHHS CepTHU(IKaTa MEmUIHOro (Qizuka
€BPOMEICHKOro 3paska HEOOXiTHO TMPOHTH TpoIeAypy HocTpudikaiii IuruioMa, 3a
HasIBHOCTI aKa/IeMIYHOI PI3HHUII TIPOUTH CITEIiali30BaHi TEOPETHYHI Ta MPAKTHYIHI KypCH
3 MEAWYHOI (PI3UKH, a TAKOK OOOB'SI3KOBO OTPUMATH HONAJIBITY KIIHIYHY CITEIiai3allifo.
TakuM yWHOM, IS MOYATKY TMpPAKTUYHOI IISUTHHOCTI Ha ITOcai MeOu4HOro (hi3uka
(haxiBerrb Ma€ poeMOHCTpyBaTH cymMapHO He MeHie 360 kpemutiB ECTS.

Ax 1 ¢axiBumi BHIOOI MeTUYHOI JAHKA MeAWdHI (i3WKH TOBWHHI MaTH
OesnepepBHUIA TPodeCciitHII PO3BUTOK 1 MPOXOIUTH cepTU(iKallifo MoHAHMeHIIe
pa3 Ha st pokiB (European Commission, 2014; Birkfellner et al., 2020). ITepen
MTOYaTKOM POOOTH HAa HOBOMY THITI PEHTTEHOJIarHOCTHYHOTO YX PaliOHYKITTHOTO
oOmagHaHHS a0o0 amapaTi MPOMEHEeBOi Teparrii HeoOXiTHO HacamIiepes OTPUMATH
BiIMOBiIHY crierianizamiro. Takui miaxia crupuse NOKPaIIeHHIO SKOCT1 TPOMEHEBOT
Teparii Ta AiarHOCTHUKH, OTPUMaHHIO HOBUX 3HaHb Y Taiy3i MeIu4Hoi (i3ukw,
3MEHIIIYE PU3UKHU JUIS TAIi€HTa, 10 MOB'sA3aHi SK 3 (i3UYHOI O0e3MeKoro, Tak i 3
OilonorivHUMH epeKTaMu i0HI3yIH0OUOr0 BUIIPOMiHEHHSI.
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Jduckycis i BUCHOBKH

Jns mominuieHHs ctaTycy MeaudHoi ¢i3uku B YKpaiHi, oQiniiHOro BU3HAHHS
MeINYHUX (i3UKIB Ta iX KOHKYPEHTOCIIPOMOKHOCTI 3 €BPONEHCHKHUMH KOJEeraMH
HEOoOXiIHO:

* TapMOHI3yBaTH HaBYaJIbHI MPOTrpaMH SIK y Taily3i MeIW4HOI (i3UKH, TaK i B
CYMDKHHUX JUCIUILIIHAX;

* YKJIACTU IBOCTOPOHHI YTOMH (32 MOXKIIMBOCTI) 3 €BPOIEHCEKUMU KpaiHaMHU, 10
rapaHTyIOTh €KBIBAJICHTHICTh BUIIOI OCBITH;

* PO3POOUTH KypCU HICIISATUIUIOMHOI OCBITH MEAWYHUX (DI3MKIB, SIKI HE MAIOTh
Oe3nocepeanbo auioMu 3a ¢axom "MennuHa dizuka';

* PO3pOOMTH MpOrpaMH crenianizanii MeanyHux (Qi3uKiB (aHaJIOT OpAWHATYPU
JiKapiB);

* YKHTH 3aXOJiB IIONO TPUBEICHHS INTATHOrO PO3KIAAy MEAMYHUX 3aKIajiB
BimmoBiAHO 10 €Bpormeiickkoi pamkn kBamidikariin — EQF  (http://ec.europa.eu/eqf
/home_en.htm).

[MoninieHHs MCASAUIIIIOMHOT OCBITH, MIABUINEHHS KBaTi(ikalii, Oe3nepepBHUI
npodeciii po3BUTOK 1 IPOBEICHHS HaJIexHOI cepTrdikailii BiqmoBiaHo 10 BuMor €C
i kepiBHUITB MAI'ATE 3a0e3neunts KOMILIEKCHE, Oe3leuHe Ta SIKICHE HaJaHHs
MEJIMYHOT JIOTIOMOTH MaIliEHTaM.
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The analyses of methodological and legislative acts of European organizations regarding
the professional recognition of medical physics specialists was carried out. The result of own
experience is summarized. The algorithm of nostrifications is given and the ways of
determining the qualification of a medical physicist in accordance with EU requirements are
indicated. In order to improve the status of medical physics in Ukraine and to officially
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physics diplomas, develop specialization programs for medical physicists, to take measures
to bring the staffing schedule to the European Qualifications Framework.
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CURRENT DEVELOPMENTS IN MEDICAL RADIATION PHYSICS
AND RADIATION PROTECTION

The paper reviews current trends and future directions for diagnostics and therapy with
ionizing radiation. Recent advances in medical physics applied to radiation therapy, diagnostic
radiology, nuclear medicine, MRI, and radiation safety are summarized. Today, much of the
development is concentrated on providing conditions for individualized diagnostics and
therapy for the patient, which requires increased precision and accuracy in both radiological
diagnostics and radiotherapy. Areas of active development are the use of artificial intelligence
(AI) for improved and more efficient diagnostics and therapy, theranostics, radiomics and
dosiomics. All these approaches are parts of the so-called precision or personalized medicine.
The ongoing revision of the ICRP's radiation protection recommendations is also commented
on. For dose and risk estimates in diagnostic applications (X-ray imaging, CT, interventional
radiology, diagnostic nuclear medicine) a change from population-based average phantoms,
calculation methods and risk figures to patient-specific calculation methods, phantoms and
risk figures (as is done in radiotherapy) is proposed.

Keywords: radiotherapy, diagnostics, dosimetry, safety, CT, PET, MR-Linac, Al

Introduction

Radiation diagnostics using X-rays and nuclear medicine methods are of crucial
importance for the correct diagnosis of various disease states and for follow-up of
treatments. The development of the technologies is going very fast. The use of CT is
increasing dramatically in many countries. At the same time, the diagnostic methods
based on non-ionizing radiation, such as MRI and ultrasound, are also developing
rapidly. The improved diagnostics provide conditions for an improved and more
individually tailored treatment of various diseases, including cancer, for which
radiation therapy retains its place as an important treatment method alone or most
often together with surgery, chemotherapy and now also immunotherapy. While it is
important to fully exploit the potential of ionizing radiation for improved medical
diagnostics and therapy, the side effects of the radiation must be under control. This
applies to deterministic tissue effects as well as stochastic (mainly cancer) effects.
This review article intends to highlight the ongoing development in medical radiation
diagnostics and therapy. It is an update of earlier reviews in the field, e.g. (Mattsson,
& Adliené, 2013; Mattsson, Adliené, & Laurikaitiené, 2023). At the same time, the

ongoing revision of society's radiation protection standards will be highlighted.
© Mattsson Soren, 2024
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Materials and methods

Diagnostic methods. Since 2010, there has been a new imaging technology using
ionizing radiation on the market every five years (IAEA, 2024; compare Fig. 1).
After introduction, it has shown to take in average 10-15 years for a more
widespread implementation in clinical practice (IAEA, 2024).

is

X-ray guided !ntuvenhom New

f chnology
g igital radiology
: CTS"ECQB SPECT/CT
DIAGNOSTICS < == L PEICT PEYMR
Xerays  NM-—= MR guided RT
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— hlrvfis Bage planning ~Individualized RT |
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Radlophumaceuucal therapy = Molecular therapy

1964 1984 2004 2024

Fig. 1. Schematic description of developments in medical physics for diagnostics
as well as radiation therapy since the 1960's.

IMRT=intensity modulated radiation therapy, VMAT=volumetric modulated arc therapy,
IGRT=image guided radiation therapy, SBRT=stereotactic body radiation therapy,
NMz=nuclear medicine, US=ultrasound, CT=computed tomography, SPECT=single photon
computed tomograpy, PET=positron emission tomography,
MR(I)=magnetic resonanse (imaging), Al=artificial intelligense

The most common types of new imaging techniques implemented in diagnostic
and interventional radiology are photon-counting CT, dual-energy CT and cone
beam CT (CBCT) scanners, and breast tomosynthesis systems. The use of CT has
been instrumental in the improvements of radiation therapy dose planning. Using
CBCT for image-guided radiation therapy ensures a more precise delivery of the
absorbed dose than was previously possible, but it will also cause an increase in the
patient dose outside the treated volume.

Whole body PET/CT scanners have become more and more common in clinical
practice. Recently, a new image reconstruction method that enables simultaneous
imaging of two PET substances at the same time (Pratt et al., 2023) has been
developed. One can be labelled with a pure p*-emitter (e.g. *°F) and the other with a
positron emitter which also simultaneously emits a gamma-photon (e.g. ***1). With
the help of this "multiplexed PET", the amount of information is increased during a
single scan. Also the use of SPECT/CT has increased in the managing of chronic
diseases. The use of other so called hybrid imaging technologies combining
anatomic (ultrasound, CT, and/or magnetic resonance (MR) imaging (MRI) and
molecular imaging modalities (SPECT and PET) is also increasing.

Therapeutic methods. The use of multi-modality imaging in radiation therapy is
increasing significantly. It is an important task to optimise these images — for improved
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target volume definition, treatment planning, for image-guided radiotherapy, for
monitoring the motion during treatment and for response evaluation.

External radiation therapy. Computed tomography (CT) has, as mentioned above,
revolutionized external beam radiation therapy by making it possible to visualize and
segment tumors and organs at risk in a three-dimensional manner. However, CT has
some limitations in terms of tissue characterization and delineation. Over the last
decade there has been an increased clinical use of both MR1and PET to enable accurate
delineation of the target volume (Decazes et al., 2021). The radiotherapy workflow
does however still depend on CT information as the treatment planning softwares
require attenuation data to be able to perform accurate dose calculation and to generate
reference images for positioning. It has been shown that it is possible to generate CT
equivalent information based on MR data, and with this technology it will be possible
to abandon the CT for those diagnoses where MR is the modality of choice for target
delineation (Nyholm, & Jonsson, 2015).

Three-dimensional conformal radiotherapy, intensity-modulated radiotherapy
(IMRT), stereotactic body radiotherapy (SBRT), and image-guided radiotherapy
(IGT) have facilitated tumour delineations and dose delivery. Today modulated
radiation treatment techniques are used for both photon and particle beam
irradiations. The most common technique today is volumetric modulated arc therapy
(VMAT) delivered with high energy photon beams (Koka et al., 2022). The
introduction of modulated treatment techniques has for some patient groups been
revolutionising, e.g. for those with head and neck cancer and cancer in the pelvic
region (Béck et al., 2017). The modulated techniques are however associated with
an increased treatment complexity and a larger uncertainty in the delivered dose
distribution to the patient compared to the conventional treatment technique (Back
etal., 2017). An important task is therefore to evaluate and reduce the absorbed dose
uncertainty for modulated radiation therapy. A reduced dose uncertainty makes it
possible to improve the quality of the treatments to enable a higher degree of
individual adaption and optimisation and to increase the quality of clinical trials
(Gotstedt, Karlsson, & Back, 2023). There is still a need to improve target volume
definition and also to explore the possibilities of artificial intelligence (Al) and
automation (Fromherz, & Makary, 2022). The recent combination of MR scanners
with treatment machines (MR-Linacs) has pushed the integration of treatment and
imaging further, enabling simultaneous visualization and treatment of the target (Liu,
Li, & Yin, 2023). Recently an on-line ionising radiation acoustic imaging system has
been developed, which directly images the absorbed dose distribution inside the
patient without interfering with the treatment delivery (Zhang et al., 2023).

Proton therapy is a promising treatment technique especially for patients whose
tumors are close to sensitive organs in the head, chest, or abdominal cavity. A proton
beam can be controlled more precisely than traditional photon radiation, which can
reduce the risk of side effects. The energy in a proton beam can be varied so that the
radiation dose almost entirely ends up at a certain predetermined depth. Therefore,
radiation with proton therapy can be almost completely concentrated on the tumor itself,
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thus the absorbed dose can be increased, while maintaining a low dose to the surrounding
normal tissues. Proton therapy is particularly suitable for children and adolescents since
fewer long-term side effects are expected than from conventional therapy. Ina few places
in the world, therapy is also done with heavier ions, usually carbon ions. Compared to
protons, the carbon ion beams add to the geographical precision also a higher biological
effectiveness for treatment of some specific types of cancer.

FLASH radiotherapy is defined as an ultra-fast delivery of radiation at absorbed
dose rates several orders of magnitude greater than those used in conventional
radiotherapy (40 Gy/s versus 0.5-5 Gy/min). Recent animal studies have shown that
FLASH radiotherapy can reduce radiation-induced damage in healthy tissues
(Giuliano et al., 2023). Before FLASH can be used routinely in the clinic, the
biomedical mechanisms behind the FLASH effect must be understood,
demonstrating that it indeed reduces normal tissue toxicity, and its impact on medical
personnel and instrumentation characterized.

For proton therapy, FLASH treatments may also prove beneficial by significantly
increasing patient throughput, while improving treatment outcomes and reducing
side effects.

Laser-driven accelerators. In the future, laser-driven accelerators may be an
alternative to providing compact and cost-effective particle and photon sources. The
accelerating field is a plasma, driven by intense laser pulses, and is typically several
orders of magnitude larger than that of radiofrequency (RF) accelerators, while
control of plasma media and intense laser pulses is very demanding. Therefore, many
efforts have been directed towards developing compact, high-quality particle beams
and radiation sources based on intense laser-plasma interactions, with the goal of
paving the way for these new sources to be used in a variety of applications (Kojima,
& Hata, 2023). Using a laser-driven ion source could mark a radical new approach,
reducing the transport and delivery costs of the particle beam.

Avrtificial intelligence in the medical use of radiation. Artificial intelligence
tools that can help with patient dose optimization and image-recognition and
interpretation, automatic merging of images and digital mobile radiography,
treatment planning, and response assessment, leading to more precise and
individualized imaging and treatments are being introduced at high speed. However,
the instantaneous image interpretation is the ultimate ambition of Al. Although Al
technology has not yet achieved this ability in a broad sense, some examples of
applications involve image segmentation, reconstruction, and disease registration.
Al segmentation has the ability to automatically delineate structures and provide
measurements such as organ volume or the surface area of a tumour. Taken a step
further, these Al algorithms can hopefully be specialized to stage tumours and
provide pre-interpreted read-outs such as scores for cancer staging. Automated
segmentation and pre-interpreted read-outs may be maximally utilized in areas that
have the most amount of data, such as screening imaging studies.

Theranostics. The concept or expression theranostics (alt. theragnostics) is
defined as a combination of molecularly targeted imaging and therapy in which

ISSN 3041-1491 (Print) 83



PaaianiiiHuii 3axucTt

imaging provides information that enables new or more effective therapies, with the
purpose of delivering treatment to each health condition, focusing on tailoring the
approach for each patient (Pini, Gelardi, & Sollini, 2022). In nuclear medicine, the
same radiopharmaceutical is used both for finding cancer cells and delivering
targeted radiation to Kill those cells.

Radiomics. Radiomics refers to the extraction of quantitative features from
medical images, thus converting the digital images into extractable data, which offer
unique biological information that can enhance our understanding of disease
processes and provide clinical decision support. (McCague et al., 2023). ("Omics" is
a new term that has emerged to describe the field of large-scale data-rich biology).
These features have the potential to uncover tumour patterns and characteristics that
fail to be seen by the naked eye and converts them into useful data. The driving
hypothesis is that these features reflect the underlying biology.

Dosiomics. Dosiomic means trying to extract a dose distribution in 3D using data
characterization algorithms to be able to predict radiation therapy response, both in
terms of tumor and side effects in the form of e.g. radiation pneumonitis (McCague
et al., 2023).

RADIATION PROTECTION FOR PATIENTS. There have been concerns
about the increase of dose to patients from some newer imaging technologies that go
against the prevailing impression that the newer technologies provide less patient
dose, e.g. (Rehani, & Nacouzi, 2020; IAEA, 2024).

The findings (IAEA, 2024) indicate that there are remaining challenges, such as:
missing policies, lack of guidelines, appropriateness criteria and audit programmes in the
new aspects of radiological imaging practices. The lack of human resources in the
medical imaging fields, inadequate training, and obsolete educational curricula are also
pointed out as problems for the implementation of the radiation protection requirements.

NEED FOR INDIVIDUAL OPTIMISATION IN DIAGNOSTICS.
Individual patient dosimetry is well established in radiotherapy treatment planning
where organ and tumour doses are patient specific. Recent developments that involve
the application of imaging data, anthropomorphic phantoms and Monte Carlo
calculations have led to real time treatment planning capability where tumour and
organ doses are accurately assessed prior to an exposure. Such techniques are equally
applicable to diagnostic image planning, whereby organ doses as well as accurate
virtual images of normal anatomy can be produced for every patient examination.

Reporting of images by means of Al algorithms will mean that diagnostic accuracy
as well as organ dose risk factors would be available for every patient, thus providing
the basis for true optimisation (Moores, & Mattsson, 2023; Rehani, & Xu, 2024).

RADIATION SAFETY FOR PERSONNELL. The annual effective dose limit
at occupational exposures is 20 mSv averaged over 5 years, with no single year
exceeding 50 mSv (ICRP, 2007). The same limits apply to the equivalent dose to the
lens of the eye (ICRP, 2012) while the equivalent dose limits for skin hands and feet
is 500 mSv per year (ICRP, 2007). For members of the public the annual effective
dose limit is 1 mSv per year on average.
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ONGOING REVISION OF THE ICRP RECOMMENDATIONS. The
current recommendations from the International Commission on Radiological
Protection (ICRP) are from 2007 and ICRP has now finished the first phase of its
work towards a review and revision of the recommendations. In the initial work,
ICRP has identified some areas of research to support the System of radiological
protection (Laurier et al., 2021). Views from inside ICRP (Clement et al., 2021) as
well as from people outside ICRP (Rihm et al., 2022) have been asked for and the
results have been reported and discussed.

When it comes to radiation risk assessments, the reviews point to the need for:
1) Better characterization of tissue reactions; 2) Stochastic effects and radiation
detriment; 3) Individual response of humans to radiation; 4) Radiation effects on
non-human biota. Other requirements are: 1) Dosimetry in emergency situations;
2) ldentification of dosimetric targets in organs and tissues, as well as 3) Dosimetric
targets and methodology for the protection of the environment; 4) Biokinetic models
for human tissues; 5) Development and use of radiation technologies (medical use
implications, veterinary practice implications, NORM, natural sources);
6) Ecosystem protection; 7) Research needs for the application of the system of
radiological protection (Al, social science, stakeholder involvement,
communication); 8) Ethics, and 9) Behavioral science.

EDUCATION, TRAINING AND RESEARCH. The development in medical
imaging and radiation oncology as well as in medical physics and technology is fast
and impressive. In order to take advantage of all the opportunities that are now
opening up, increased efforts from medical physics are needed. This means that there
is a need for sufficient staffing, an in-depth collaboration between personnel from
different areas and good training of new employees in the form of basic education
and training as well as active research. At its symposium in Vancouver in 2022
(Ruhm et al., 2023), ICRP called for action to strengthen expertise in radiological
protection worldwide through:

* National governments and funding agencies strengthening resources for
radiological protection research allocated by governments and international
organisations,

« National research laboratories and other institutions launching and sustaining
long-term research programmes,

* Universities developing undergraduate and graduate job opportunities in
radiation-related fields,

» Using plain language when interacting with the public and decision makers
about radiological protection, and,

« Fostering general awareness of radiation and radiological protection through
education and training of information multipliers.

Discussion and conclusions

The field of medical radiation physics is developing rapidly. The boundaries
between medical physics specialties disappear in step with the increased use of
imaging to guide the radiation therapy to obtain personalized and adaptive
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treatments. The use of Al will be an essential part of the future. The increasing use
of software and Al will change the role of medical physicists but the need for the
skills of medical physicists will increase. They are also needed for the development
of new technology and to ensure that the technology is understood and used
correctly. It can be expected that the developments towards more and more
individualised diagnostics and therapy will continue, which will require increased
precision and accuracy in both radiotherapy and radiological diagnostics.
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CYYACHU PO3BUTOK MEJANYHOI PAJIALIIIIHOI ®ISUKH
TA PAJIALIITHOTO 3AXUCTY

Po32as3Hymo cy4acHi meHdeHyii ma nepcnekmueHi Hanpsamu po3eumky diazHocmuku i
mepanii 3 6UKOPUCMAHHAM [OHI3yI04020 GUNPOMIHIOBAHHS. Y3A2a/1bHEHO OCMAHHI
docszHeHHs meduuHOT hizuku, sAKki enposadiiceHi y npomeHesiii mepanii, diazHocmuyHitl
padionaozii, sdepHiii meduyuni, MPT ma padiayiiiniii 6e3neyi. Cb0200Hi 8enukKky yeazy
CNpsIMOBAHO HA PO38UMOK CMBOPEHHS Y M08 0151 iHdugidyaibHoi diazHocmuku ma mepanii
nayienma, wjo sumazae nidguwyeHoi KopekmHocmi sk y padiooziuHiii diazHocmuyi, mak i
8 npomeHegiii mepanii. /lo chepu aKkmueHo20 pO38UMKY HA/AEHCUMb BUKOPUCMAHHSA
wmy4yHozo inmesaekmy (LI) daa nokpawjeHHsa diazHocmuku i mepanii, mepaHocmuku,
padiomiku ma 0doziomiku. Yci yi nidxodu € yacmuHolo mak 38aHoi npeyu3siliHoi a6o
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nepcoHazizoeaHoi meduyuHu. Takoxc KoMeHMyemMbcs1 NOMO4YHUll nepe2/1510 pekomeHdayiii
MKP3 ujodo padiayitiHozo 3axucmy. /I oyiHI08aHHA 03U ma pu3ukKy 8 diazHOCMu4HuUX
dodamkax (penmezeHieceka momoepadpis, KT, inmepeeHyitlina padiosozis, diazHocmuuyHa
sdepHa MeduyuHa) nponoHyeEmMuvcs1 nepexio 8id cepedHix ghaHmomie, Mmemodie po3paxyHKy
ma noKasHuKie pu3uky Ha ocHogi nonyasayii do memodie po3paxyHKy, hpanmomie ma
NOKa3HUKi8 pu3suKy 015 K0J}CHO20 hayieHma (51K ye po6umucs 8 npomeHesill mepanii).

Kinw4oBi cJoBa: npomeHesa mepanis, diazHocmuka, do3umempis, 6e3neka, KT,
IIET, MR-Linac, LII.
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OLIIHIOBAHHSI L(i€] CTATTi BIAMOBIAHO O MDKHAPOOHUX CTaHIAPTIB MyOnikaiitHoi eTnky. CrioHcopH He Opaym ydacti B
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TOWARDS GOOD PRACTICE IN PATIENT DOSE MANAGEMENT
IN PAEDIATRICRADIOLOGY

Introduction. Diagnostic and interventional X-rays represent a substantial
portion of radiation exposure from artificial sources, with pediatric patients being
particularly vulnerable due to their increased sensitivity to ionizing radiation. This study
aimed at assessing radiation exposure in children undergoing interventional radiology (IR)
procedures and computer tomography (CT) scans at Vilnius University Hospital Santaros
Klinikos (VUHSK), Lithuania's second-largest hospital, and to establish local Diagnostic
Reference Levels (DRLs) to ensure optimized dose management.

Methods. Data from pediatric IR and CT procedures conducted between 2021 and
2023 were analyzed, with local DRLs set at the 75th percentile of dose-related parameters
such as Dose Area Product (DAP), Dose Length Product (DLP), Entrance Surface Dose (ESD),
and Fluoroscopy Time (FT).

Results. The findings reveal that pediatric CT doses at VUHSK are consistently below
European DRLs, with reductions of up to 25 %, largely due to over a decade of ongoing
patient exposure assessment and protocol optimization. Optimization efforts included
adjustments to acquisition parameters. Despite the challenges of establishing separate local
DRLs for each IR procedure due to limited sample sizes, age-based DRLs were developed to
address the absence of routinely recorded patient weight.

Conclusions. This study highlights the importance of continuous research in dose
optimization and the need for local DRLs, especially for pediatric interventional radiology.
The findings demonstrate that individualized optimization is crucial for maintaining low
radiation doses without compromising diagnostic quality, and that establishing local DRLs
is an essential step in ensuring patient safety.

Keywords: DRL's, Radiation patient dose, Patient dose assessment, Pediatric
Computed Tomography, Pediatric interventional radiology, Pediatric radiology.
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Introduction

Diagnostic and interventional X-rays account for the largest portion of radiation
exposure from artificial sources to the general population. Over the past two decades,
the number of radiological examinations has risen significantly, leading to increased
radiation exposure among patients (United Nations Scientific Committee on the Effects
of Atomic Radiation, UNSCEAR) (UNSCEAR 2020/2021, 2021). Children are
especially vulnerable to the effects of ionizing radiation due to their developing tissues
and longer life expectancy, which increases their lifetime risk of cancer. As a result, it
is crucial to carefully monitor and optimize radiation exposure during pediatric
radiology, particularly in high-dose procedures including interventional radiology and
computer tomography scans (European Council Directive 2013/59/Euratom, 2013).
The heightened sensitivity of children to ionizing radiation makes dose management a
priority in ensuring the safety and efficacy of diagnostic imaging.

Dose optimization strategies in pediatric radiology are essential for minimizing
radiation exposure while maintaining diagnostic accuracy. These strategies include using
age- and size-specific protocols, employing advanced imaging technologies that reduce
dose (such as automatic exposure control and iterative reconstruction), and ensuring that
exams are clinically justified. Additionally, careful collimation, and limiting repeat scans
can further enhance dose reduction efforts. The integration of these methods ensures that
each pediatric patient receives the lowest possible radiation dose while obtaining high-
quality diagnostic images (European Council Directive 2013/59/Euratom, 2013).
Moreover, Diagnostic Reference Levels (DRLS) have been introduced as an invaluable
tool for monitoring and optimizing patient radiation exposure. DRLs are not strict dose
limits but rather upper reference values that guide healthcare providers in optimizing
patient doses without compromising diagnostic image quality (European Council
Directive 2013/59/Euratom, 2013). By comparing administered doses to established
DRLs, healthcare professionals can make informed decisions to reduce unnecessary
radiation exposure, thus mitigating the risks of potential adverse effects.

However, effective dose monitoring remains a challenge for many healthcare
facilities. Despite the critical importance of managing pediatric radiation exposure,
only a limited number of hospitals have published comprehensive data on patient dose
evaluations and the establishment of local DRLs. Many countries still lack DRLs for
a basic set of common pediatric examinations, leaving gaps in radiation protection
practices. In Lithuania, for example, despite legal requirements, there is an absence of
national DRLs addressing Pediatric Interventional Radiology (PIR) procedures. This
lack of national guidelines further complicates efforts to standardize dose optimization
and safeguard young patients from unnecessary radiation exposure.

At Vilnius University Hospital Santaros Klinikos (VUHSK), Lithuania's second-
largest hospital, a wide array of diagnostic, interventional, and nuclear medicine
procedures are performed annually. Given the significant volume of pediatric
radiology cases at VUHSK, implementing effective dose management strategies is
essential to safeguard the health of pediatric patients.

The aim of this study was to evaluate radiation exposure doses in children undergoing
interventional radiology procedures and CT investigations, set up local DRLs and check
compliance with national diagnostic reference levels (DRLs) when available.
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Methods

Data collection was conducted for computed tomography (CT) and interventional
radiology (IR) procedures performed between 2021 and 2023. Retrospective CT
datasets from head, thoracic, and abdominal-pelvic CT scans performed on children
aged 0-17 years were analyzed. CT dose data was categorized by weight interval for
thoracic and abdominal-pelvic procedures into the following groups: 5-14 kg, 15-29 kg,
30-49 kg, and 50-79 kg. While for head CT, data was grouped into age groups
following two different intervals: < 1,1-<5,5-<10,10 — < 15and 15 — < 18 years
as well as 0 — < 3 month, 3 month — < 1 year, 1 — < 6 year, 6 — < 18 years.

IR procedures were carried out using two angiography systems: the Shimadzu Trinias
B12 and the Philips Allura Xper FD20. The following IR procedures were evaluated:
Patent Ductus Arteriosus (PDA) closure (32 %), Pulmonary Artery (PA) balloon
angioplasty and/or stenting (21 %), Coarctation of the Aorta (CoA) balloon angioplasty
and/or stenting (19 %), Atrial Septal Defect (ASD) closure (14 %), Transcatheter
Pulmonary Valve Replacement (TPVR) (5%), Percutaneous Balloon Aortic
Valvuloplasty (BAV) (5 %), and Percutaneous Balloon Pulmonary Valvuloplasty (BPV)
(4 %). The dose data for these procedures were grouped by patient age into the following
intervals: < 1 year, 1 — <5 years, 5—< 10 years, and 10 — < 18 years.

Local DRLs were established as the 75" percentile of the distribution of dose-
related parameters, depending on the type of diagnostic procedure. These parameters
included Dose Area Product (DAP), Dose Length Product (DLP), Entrance Surface
Dose (ESD), and Fluoroscopy Time (FT), in accordance with recommendations from
the European Commission and the Radiation Protection Centre in Lithuania.

Results

It is recommended to compare established local DRLs against both national and
European DRLs to assess the level of patient radiation protection at each hospital.
However, Lithuania DRLs are not currently established for all radiological
procedures included in this study, such as interventional procedures. While for
some procedures, like thorax and pelvis CT, Lithuanian DRLs are categorized by
age groups rather than weigh groups, further complicating direct comparisons.
Despite these challenges, CT dose for head, thorax and pelvis-abdoman procedures
were established (Table 1) and the data indicates that pediatric CT doses are
generally low, with most falling well below European DRLs (Fig. 1) (European
Commission, 2018).

The results can be attributed to over a decade of continuous efforts in patient
exposure assessment and dose optimization at the hospital. Optimization measures
included adjusting acquisition protocols for various procedures, such as reducing the
X-ray source voltage, adjusting tube current time product (mAs), modifying pitch,
and implementing iterative reconstruction techniques. For example, in routine CT
head exams and thorax imaging for deformities, the X-ray tube voltage was reduced
from 120 kVp to 100 kVp, and the tube current time product was optimized for each
specific indication. As a result of these efforts, CT doses have steadily decreased,
with head CT doses for the youngest patients reduced by approximately threefold
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since 2010. Additionally, continuous training of practitioners and technicians in
radiation protection has been instrumental in achieving these dose reductions and
ensuring ongoing optimization of patient safety.

Table 1
CT doses reported as maximum, median, 3" quartile values of DLP (mGy-cm)
Weightgroup | Numberofscans | Max | Median | Q3
Head
<1 27 - 119 158
1-<5 55 215 265
5-<10 55 - 232 280
10-<15 51 - 275 327
15-<18 25 - 297 335
0—<3m 6 111 117
3m-—<1ly 21 - 140 175
1-<6y 75 - 228 270
6-<18y 111 - 269 323
Thorax
5-14kg 13 58.7 34.7 38
15-29kg 43 91.4 49.3 60
30-49kg 71 163.3 85.9 107
50-79kg 75 420.1 139.1 153
Abdomen—Pelvis
5-14kg 21 100.6 51.5 80
15-29kg 33 239.7 131.6 159
30-49kg 21 358.5 97.7 201
50-79kg 30 595.5 261.8 353
600
500
—
400
&
€ 300
© 200 — —E%
—
o - - B
—
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5-14 kg 15-29 kg 30-49 kg 50-79kg
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Fig. 1. Comparison of median DLPs with European DRLs
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Due to limited number of pediatric IR procedures, it was challenging to establish
separate local DRLs for each procedure since European Guidelines on DRL for pediatric
imaging recommend a sample of >20 patients. Nevertheless, this issue is common
across healthcare facilities and countries, contributing to the scarcity of published DRL
data in pediatric interventional radiology and cardiology, making comparisons difficult
(Fig. 1). Toaddress this, all available data were combined to obtain a more representative
sample. Radiation dose-related parameter reported as median, minimum and maximum
value of ESD (mGy), DAP (Gy. cm?) and FT (min) for each procedure are summarized
in Table 2. In this study, pediatric IR DRLs were stratified by age rather than weight, as
patient weight and height are not routinely recorded at the hospital. It should be noted
that ICRP Publication 135 recommend categorizing pediatric DRL by weight, while
suggesting the use of age-based categorization as an acceptable alternative when weight
data are unavailable (Vafi6 et al., 2017).

Table 2
Dose indicators for combined IR procedures stated
as the median, minimum and maximum value
ESD(mGy) DAP(Gy.cm?) FT(min)
Patient S S S
Procedures 8 = = 8 | c % 8 < x
Number | TS S S S
g = = g = = g b =
Total 168 66.21 | 3.17 | 3341.6 | 4.40 | 0.26 |326.0| 8.25 | 1.90 | 79.2
<1 35 31.00 | 9.30 | 415.1 | 1.35 |0.26| 17.3 | 9.09 | 2.75 | 79.2
1-<5 59 72.40 | 11.55| 526.8 | 4.57 | 0.70| 29.3 | 10.12 | 1.90 | 58.9
5 <10 32 59.12 | 9.50 | 224.8 | 3.70 | 0.58] 12.8 | 7.18 | 2.21 | 34.1
10—<18 42 241.19| 3.17 |3341.6|13.00| 0.30 |326.0| 7.46 | 2.20 | 68.4

Discussion and conclusions

Setting DRL can be a complex and time-consuming process, as it requires
covering a wide range of diagnostic procedures across different hospital
departments. At the European level, there are relatively few publications on pediatric
DRLs, highlighting the pressing need for the establishment of national and local
DRLs. These benchmarks are essential for identifying inconsistencies in radiation
exposure between different equipment and ensuring that patient doses are kept as
low as reasonably achievable. The radiation exposure values obtained from CT
imaging in this study showed that optimization practices resulted in doses up to 25 %
lower than European DRLs. This underscores the importance of individualized
optimization for each piece of equipment and procedure type. For interventional
radiology, the results revealed greater variation between procedures due to
differences in case complexity and physicians experience, thus further complicating
the task of dose monitoring and optimization. Overall, our findings demonstrate the
critical role of continuous research in patient dose optimization. Establishing new
national DRLs for Lithuania and developing local DRLs within hospitals should be
an ongoing effort to ensure patient safety and maintain consistent radiation
protection practices.
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BcTyn. PenmeeHigcbke onpomiHeHHs1 nid yac diazHocmu4Hux ma iHmepeeHyiliHux
npoyedyp cmaHosumes 3HA4YHy 4YAcmuHy padiayiliHozo onpomiHeHHs1 6i0 wmy4Hux
dyicepen, npu yvomy nediampuyHi nayieHmu € 0co64u80 8pa3AUeUMU 4Yepe3 iXHIO
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nideuwjeHy uymsugicme Ao iOHI3ylO4020 eunpomiHweaHHsa. lle docaidrceHHs 6Y10
cnpsiMoeaHe Ha OYiHIOBAHHA padiayiliHozo onpomiHeHHs1 dimeill, sAKi npoxodsmb
npoyedypu inmepegeHnyitinoi padioaoeii (IP) ma komn tomepHy momoezpadpiio (KT) y aikapHi
BinvHiocbkoz20 yHieepcumemy Caumapoc Kainikoc (/IBYCK), sika € dpyzoio 3a 8e/u4uHOI0
sikapHeto Jlumsu, a makodic ecmaHosumu micyesi diaznocmuyHi pedhepenmni pieni (/]PP)
0151 3a6e3ne4yeHHs onmumizayii do3u.

MeTo au. Bysno npoananizoeaHo daui nediampuynux IP ma KT npoyedyp, nposedeHux
3 2021 no 2023 poku, 3 micyesumu /JIPP, ecmaHoe/ieHUMu Ha 75-my npoyeHmuii
napamempie, nog8's1I3aHuUxX 3 003010, MAKUX sk d06ymokK niouja-do3a, 006ymok 0083 CuHa-
do3a, exioHa nosepxHeaa do3a i uac gh.1100pockonii.

PesyabTaTu. OmpumaHi pe3ysbmamu nokasyioms, ujo nediampuuHi do3u KT y
JIBYCK cma6inbHo Hudcdi 3a egponelticoki JIPP, 3i 3HUMCeHHAM 30 25 %, 201086HUM YUHOM
yepe3 decamuaimms nocmiliHoi oyiHKu onpomiHeHHs1 nayieHmie ma onmumizayii
npomokoy. 3ycuaas 3 onmumizayii 6K/1104a1U KOpU2y8aHHs hapamempie HAKONUYeHHSL.
He3sadicarouu Ha mpyoHOwi 8CMAHOB/1€eHHS OKpemuXx wmicyesux /PP 045 KojcHOi
npoyedypu IP uepe3 o6mesiceHi po3mipu suGipku, 6y1u po3po6.aeni /[PP Ha ocHO8I 8iKy, Wjo
YCYHYJ10 8idcymHicmb pe2yAsipHUX 3anucie eazu nayieHma.

BucHoBKHU. lle docaidynceHHs 8KaA3ye HA 8ajxcaugicms nocmiliHuX 00caiddceHs 3
onmumizayii do3u ma nompeay 8 1okaavHux JJPP, 0co6.1u80 011 oums4oi inmepeeHyiiiHoT
padiosozii. Pe3ysbmamu demoHcmpyloms, ujo iHdugidyasivHa onmumizayia mae
supiwa/ibHe 3HA4YEHHS 015 3a6e3neYeHHs1 HU3bKUX 03 ONpOMiHeHHs 6e3 WKodu 0415
AKocmi diazHOCMUKU, a 6CmMaHo8/1eHHs J0KaabHux /PP € eajxcausum KpokKom y
3a6e3ne4eHHi 6e3neKku nayieHmis.

Knw4yoBi canosa: DRL 0do3a onpomiHeHHS1 nayieHma, OYIiHIO8AHHS 003U
nayienma, dumsya Komn'lomepHa momozpadpis, dumsaya iHmepeeHyiiiHa padiosozis,
dumsua padionozis.
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iHTepeciB. CrioHcopu He Opaity ydacTi B po3po0JIeHH] JOCIIKEHHS; y 300pi, aHai31 4M iHTeprpeTanii JaHnuX; y HalucaHHi
PYKOIIHMCY; B PillIeHH] IO MyOJIKaLlil0 pe3yIbTaTiB.
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A FOLLOW-UP STUDY ON THE LEAD EQUIVALENCE AND INTEGRITY
OF PERSONAL PROTECTIVE EQUIPMENT USED IN CLINICAL PRACTICE

Introduction. Personal radiation protective equipment (PRPE) means such vests and
skirts, aprons, thyroid collars and other means reduce radiation exposure of personnel working
with X-rays and gamma ray sources. The composition of PRPE worn by X-ray personnel to shield
against secondary radiation is changing. Lead is being replaced by either lead-free or composite
(lead with other high atomic numbered elements) materials. In clinical practice, PRPEs with
different lead equivalents are used. PRPE from lead or lead-equivalent material (LEM) are
essential in providing necessary shielding from secondary radiation exposure to workers.

Methods. Quality assessment of the PRPE was performed evaluating integrity and
lead equivalence of more than 800 units, 0.25, 0.35, 0.5 and 1 mm LEM provided by ten
manufacturers in the period 2022-2024.

Results. Siemens Luminos dRF MAX 3D radiography, Philips Incisive CT computed
tomography, Philips BV Endura mobile C-arm, and FLOWD 8020 mobile protective clothing
testing X-ray units were used for obtaining images of PRPE for checking the integrity and
lead equivalence. A calibrated solid-state meter Piranha R&F/M 657 with RTI Dose Probe
was used for checking the radiation attenuation. In order to check the integrity, PRPE were
categorized into four categories: I (good quality), II (small cracks), 11l (large cracks not in
critical areas and smaller than 5 cm2), IV (very large cracks, cracks in critical areas, bigger
than 5 cm2). PRPE lead equivalence deviations were analysed and grouped into three
categories: DI (less than 5 %), DII (less than 10 %), DIII (more than 10 %).

Conclusions.Theresults of the integrity tests showed that about 85 % of the PRPE were
in good quality. The analysis of lead equivalence deviations showed that about 76 % of the PRPE
met the criteria for category DI. The aim of the study was to evaluate the lead equivalence and the
integrity of the PRPE used in clinical practice with different screening methods.

Keywords: personal radiation protective equipment, lead protective equipment,
radiation protection.
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Introduction

The total number of diagnostic and therapeutic procedures worldwide is
constantly increasing (United Nations Scientific Committee on the Effects of Atomic
Radiation, UNSCEAR) (UNSCEAR, 2021) and it may result in higher radiation
exposure for interventional radiologists and other related medical staff. Personnel in
departments equipped with X-ray modalities are required to wear personal radiation
protective equipment (PRPE) to ensure adequate shielding from scattered radiation.
Typically, PRPE including lead aprons, vests, skirts, and thyroid shields are made
using lead powder-loaded sheets or lead-oxide on vinyl (McCaffrey et al., 2007;
Peters et al., 2017). A typical 0.25 mm lead-impregnated apron weighs
approximately 3.25 kg, while a 0.5 mm apron weighs around 4.95 kg, with some
reaching up to 7 kg (Kim, Choi, & Jeon 2016; Warren-Forward et al., 2007; Zuguchi
et al., 2008). This substantial weight can hinder efficient movement and performance
of tasks, and prolonged use can lead to musculoskeletal pain and injuries, particularly
affecting the spine (Goldstein, 2015; Klein, 2009; Moore et al., 1992). Due to these
weight issues as well as environmental concerns, there has been a shift towards
lightweight, non-lead or lead-composite materials incorporating elements such as
cadmium, tin, iodine, barium, antimony, or tungsten (Aral, Duch, & Ardanuy, 2020;
Klein et al., 2018; Yaffe et al., 1991). These composite materials offer the same level
of attenuation as traditional lead aprons for X-ray energies ranging from 50 kVp to
125 kVp, but with a significant weight reduction of 20-30 % (Webster, 1966).

To assess the viability of employing PRPE, many hospitals and other
organizations use W. Stam and M. Pillay (Stam, & Pillay, 2008) method which gives
criteria to aid in determining when lead aprons should be discarded. The rejection
criteria proposed by Lambert and McKeon can also be used (Lambert, & McKeon,
2001). However, there is a lack of uniform, specific, and actionable guidelines which
can lead to inconsistencies in inspection practices. Therefore, institutions and
hospitals develop their own procedures with regulation, such as rejection criteria,
based on the literature and frequency of quality checks (Kellens et al., 2022).

It is important to test the integrity and the lead equivalence of every newly
purchased apron before it is used by personnel. Common defects to look for include
material non-uniformity, cracks, tailoring flaws, and discrepancies in the specified
lead equivalence provided by manufacturers. Moreover, during usage, aprons are
subject to normal wear and tear, as well as occasional mishandling or improper
storage. PRPE can be inadvertently damaged when folded or dropped, causing sharp
bends in the vinyl that result in deterioration, such as cracks or holes in the shielding
material. Periodic inspections of PRPE are essential because the health and safety of
both X-ray workers and patients rely on the integrity of this equipment. The aim of
the study was to evaluate the lead equivalence and the integrity of the PRPE used in
clinical practice with different screening methods.

Methods

General information: Quality assessment of 0.25, 0.35, 0.5 and 1 mm lead and
lead-free PRPE from thirteen manufacturers was performed. X-ray units were used
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for inspecting the integrity and lead equivalence: digital radiography Siemens
Luminos dRF MAX 3D, computed tomography Philips Incisive CT, mobile C-arm
Philips BV Endura and mobile apron screening system FLOWD 8020. The protocol
parameters and modes used for the inspections are shown in Table 1. A calibrated
solid-state meter Piranha R&F/M 657 with RTI Dose Probe was used for checking
the radiation attenuation.

Table 1
The protocol parameters and modes used for inspections of PRPE
The
Manufacturer Protocol kv mA | Field of view size attenuation
evaluation
method
Siemens Luminos Standard 100 100 {420 mm x 420 mm | Solid-state
dRF MAX 3D radiography (radiography), meter; pixel
and 290 mm values
fluoroscopy (fluoroscopy)
Philips Incisive CT | CT scout view | 100 50 500 mm HU
(Hounsfield
units)
Philips BV Endura | Fluoroscopy | 100 20 210 mm Solid-state
meter
FLOWD 8020 Standard | 80-100]1,2-1,0| 240 x 870 mm Automatic

PRPE categorization and rejection criteria: In order to check the integrity,
PRPE were categorized into four categories: | (good quality), 1l (small cracks),
11 (large cracks not in critical areas and smaller than 5 cm?), 1V (very large cracks,
cracks in critical areas, bigger than 5 cm?). PRPE lead equivalence deviations were
analysed and grouped into three categories: DI (less than 5 %), DIl (less than 10 %),
DIl (more than 10 %). Pieces with a total defect area bigger than 5 cm? (I category)
in critical areas were rejected. An internal institutional rule allows to reject the PRPE
that have breaks, tears and cracks in non-repairable areas.

Image and statistical analysis: Images were processed using ImageJ program
packages. Data analysis was performed using "Microsoft EXCEL 2019" and "SPSS
Statistics 2019" software.

Results

The inspection of PRPE is a multifaceted process essential for ensuring that
protective gear continues to offer adequate protection against ionizing radiation. More
than 800 units of PRPE were evaluated over two years. In particular, 278 thyroid collars,
194 vests, 190 skirts, 58 customized covering means, and 89 aprons were inspected. The
results of the integrity tests showed that about 85.3 % of the PRPE were of good quality
while the remaining had tears/cracks and were assigned to category 1l (9.8 %),
111 (3.8 %), and IV (1.1 %), respectively. The analysis of lead equivalence deviations
revealed that 75.6 % of the PRPE met the criteria for category DI, 11.9 % for category
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DIl, while 12.5 % of the measured PRPE exceeded the lead equivalence amount
specified by the manufacturers by more than 10 %. Detail results of PRPE integrity
and lead equivalence are presented in Table 2 and Table 3. Moreover, the results
indicated that all the X-ray units used for investigating the integrity and lead
equivalency of PRPE had similar accuracy and could be used interchangeably.
However, specialized apron screening system stood out for its practicality, large fields
of view, automatic inspection protocol generation, reduced scan times, and close to the
background dose rate exposure near the operating machine. Moreover, on-site PRPE
inspections allow to minimize the disrupting the clinical work of departments where
such PRPE are used. Depending on the PRPE units' number, the inspection of
protective equipment takes about a couple of hours (including the handling and
transportation to the inspection place). The risk of additional contamination of PRPE
is also reduced, as inspections take place on the hospital's territory.

Table 2
Results of PRPE integrity deviation evaluations
Categories of PRPE integrity Number of PRPE units | Percentage (%)
Category | (good quality) 690 85,3
Category Il (small cracks) 79 9,8
Category Il (large cracks not in critical 31 38
2 '
areas and smaller than 5 cm
Category IV (very large cracks, cracks in 9 11
i ; > ,
critical areas, bigger than 5 cm?)
Table 3
Results of PRPE lead equivalence deviation evaluations
Categories of PRPE integrity Number of PRPE units | Percentage (%)
Category DI (less than 5 %) 612 75.6
Category DIl (from 5 to 10 %) 96 11.9
Category DIII (more than 10 %) 101 12.5

Since the PRPEs were first visually inspected, damages, tears and cracks were
found in most cases during these inspections. During usage, aprons are subject to
normal wear and tear, as well as occasional mishandling or improper storage. This
included inspection of buckles, loops and magnets, as well as inspection of the outer
fabric. After this process, the PRPE were validated by inspection methods presented
in Table 4. These techniques are essential for identifying cracks, voids, or
inconsistencies within the protective material not visible to the naked eye. In
addition, advanced inspection methods, as shown in Figure 1, play a crucial role in
identifying hidden flaws that could compromise the protective function of the
equipment, ensuring that only safe and effective PRPE remain in use.
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Fig. 1 Examples of cracks or tears in PRPE
(A — FLOWD 8020, B — fluoroscopy, C — CT images)

Table 4

Comparison of equipment use in PRPE inspection

o Always check the pixel
resolution of the scout
view, manufacturers
have different pixel
resolutions for the
scout/planning view
which can be lower than
the stated scan
resolution. In some
cases, it reduces as the
length of the scout view
increases. A pixel
resolution of 5mm may
not demonstrate a tear
<5 mm.

e Recommended
exposure — 80 to 100 kV
and a low mA setting to
help protect the tube and
lower the dose to the
inspector.

in the X-ray room
during exposure,
thereby reducing
personal dose
exposure.

e Speed of scans.

e Having a permanent
digital record of each
apron.

e The possibility of
performing multiple
aprons with a single
scan.

¢ No need of the
calibrated solid-state
meter.

Equipment | Inspection parameters Advantages Disadvantages
Computed o Perform a topogram e Eliminate the need |e Unavailability of a
Tomography |scan (scout view). for inspector presence |scanner to perform

testing as most
facilities that have
very busy schedules.
e The scanning table
might be too narrow
and thus care must be
taken to spread the
apron on the table in a
proper way.

o CT resources

(as the tube and
detectors) are used.

e HU must be
analysed.

100
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Equipment

Inspection parameters

Advantages

Disadvantages

Stationary
X-ray and
fluoroscopy

o Use fluoroscope's
manual settings and low
technique factors (e.g.
70-100 kVp).

o Use remote controllable
fluoroscopy unit.

e Use maximum focus-
film or focus-detector
distance

o Take a radiograph with
manual settings and low
exposure parameters
(e.g. 70-100 kVp).

e Easily accessible in
the hospitals.

e Selection of
different parameters.

¢ Additional radiation
dose to the inspector
(if there is no remote
control).

e Many fluoroscopy
systems only work
within pre-
programmed protocols
making it challenging
to set optimised
exposure factors for
crack detection.

equipment.

e Have larger fields
of view and much
lower scan times.

o Speed of scans.

e The possibility of
performing multiple
units with a single scan.
¢ No need of the
calibrated solid-state
meter.

e Produce reports and
might include an PRPE
management system.

C-arm o Use fluoroscope mode |e Easily accessible in |e Additional radiation
settings and low the hospitals. dose to the inspector.
technique factors o Small field of view.
(e.g. 70-100 kVp). e Usually located in

the operating room.

PRPE e Direct performing of | Reduce the need to |e Must be purchased

screening the PRPE inspection. have dedicated separately.

systems personnel and

Discussion and conclusions

Personal radiation protective equipment is crucial for the safety of hospital
workers, and regular inspections are essential to ensure its effectiveness. It is
recommended that PRPE integrity be checked after the purchase using computed
tomography, fluoroscopy, radiography or dedicated protective clothing testing
machines. Due to prolonged use of heavy PRPE during clinical procedures, the
personnel often report physical strain, thus if LEM exceeds the declared value, PRPE
weight may be higher. Special protective clothing testing machines enable to
perform LEM QA in an efficient way. Calibrated radiographic, CT, C-arm
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equipment could be used for acquiring images of integrity and lead equivalence,
however, only qualified personnel can perform the evaluation. Dedicated personnel
should ensure that both visual inspections and inspections by touch are performed
regularly for signs of damage or prior misuse.

To maximize LEM PRPE life, personnel should hang PRPE correctly between
the use, wear them correctly, ensuring that the workers wear the correct size,
transport and clean the PRPE in correct way, as it recommended by the manufacturer.
The repair of PRPE does not guarantee a long-term solution for prolonging the
lifespan of the protecting mean.
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NOJAJIBLIE AOCAIA?KEHHA EKBIBAJIEHTHOCTI CBUHIIIO
TA IIVIICHOCTI 3ACOBIB IHANUBIJIYAJIBHOI' O 3AXHUCTY,
10 BUKOPUCTOBYIOTbHCA B K/ITHIYHIN ITPAKTHULI

B cTyn. IHdugidyanvHi 3aco6u padiayiiiHozo 3axucmy (313) - ye scusemu ma cnidHuyji,
dapmyxu, Komipu ma iHWIi KOMNOHeHMU, Wj0 3HUJCYIOMb padiayiliHe onpomiHeHHs
nepcoHany, Akuil npayioe i3 dxcepesamu peHmMz2eHi8CbK020 ma 2amMma-eunpomMiHIO8aHHS.
Cknadosi 3I3, akuil Hocsamb padiosoziuHull nepcoHan 048 3axucmy 8i0 6MmMOpPUHHO20
8UNPOMIHIOBAHHS, 3MiHIOeEMbCA. CBUHeYb 3aMiHIOIOMb Ha 6e3c8uUHYe8i mamepiairamu a6o
Komno3umu (ceuHeys 3 iHWUMU es1leMeHmMamMu 3 8e/IUKUM AMOMHUM HOMeEPOM). Y KAIHIMHitl
npakmuyi eukopucmoagyiomucs 3I3 3 pisHum exkeisasenmom ceunyro. 313 3i ceuHylo aéo i3
Mamepiasy 3 ekeigasneHmom caunyio (MEC) maioms eadic/iuse 3Ha4eHHs 0151 3a6e3neveHHs
Heo6Xi0H020 3axucmy 8id 8MOpUHHO20 ONPOMIHEeHHs npayieHUKiIs.

MeTo au. BusHayeHHsa 3damHocmi 313 6y./10 nposedeHo wAAXOM OYiHIOBAHHS CMAHY
yisicHocmi ma ceuHyegozo ekgieasieHmy 0151 nonad 800 3aco6ie 3 MEC 0,25, 0,35, 0,5 ma
1 mM, HadaHux decambma supo6HUKamu npomsizom 2022-2024 pokie.
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PesyabTaTtu. /Jaa ompumaHHsa 306payxceHb 3I3 i nepesipku yinicHocmi ma
eKeieasieHma ceuHY0 8UKOPUCMO8Y8aaU MOGi/IbHY 8UNPO6Y8aA/IbHY MAWUHY, NPU3HAYEHY
0151 KOHMpPO/1I0 pi8HA 3axucmy eid peHmezeHi8cbko20 eunpomiHoeaHHs, FLOWD 8020,
cucmemy 04 xipypeiuHoi sizyanaizayii Philips BV Endura mobile C-arm, komn'tomepHuii
momoczpadh Philips Incisive CT i yugppogy penmezeniecoKy cucmemy Siemens Luminos dRF
MAX 3D. IlepegipKy ocaa6/1eHHs1 SUNPOMIHIOBAHHSI BUKOHyea.u 3a 0onomozoio
Kanibpoeano2o meepdominbHo20 eumipioeaya Piranha R&F/M 657 i3 306HiwHimM 30HdOM
RTI Dose Probe. Ilepegipky yinichocmi 3I3 6y.s10 3dilicHeHO 3a yomupma Kamezopiamu:
I (xopowa sikicms), II (Hegeauki mpiwyunu), 111 (eeauki mpiwjuHu He 8 KpUMUYHUX JiASAHKAX
i nmowero meHue 5 k8. cm), IV (dystce seauki mpiyyuHu, mpijuHu 8 KpumMuYHUX Micysx,
mpiwuHu niowero 6irvwe 5 ke. cm). BidxuseHHs1 3HAYeHHS eKgisa/1eHMHOCMI C8UHYIO
6yau npoaHasiizosani ma 313 32pynosani 8 mpu kamezopii: DI (meHwe 5 %), DIl (meHwe
10 %), DIII (Ginvwe 10 %).

BucHoBKU. Pesysbmamu eunpo6yeaHv Ha YinicHicms nokaszaau, o 6/1u3bkKo
85 Y% 313 matomb HasedcHy AKicmb. AHAI3 8i0XU/1eHb eKgiea/1eHMHOCMI CBUHYI0 NOKA3as,
wo 61u3bko 76 % 313 gidnogidaau kpumepisim kamezopii DI. Memorw docaidxnceHHsA 6y10
OYyiHUMu pi3HUMU MemodamMu CKpUHIH2y eKkeiea/s1eHmMHicmb ceUHYI0 ma YinicHicms 313, wjo
8uUKopucmosyembucs 8 KAIHIuHill npakmuyi.

KnwuyoBi caoBa: 3aco6u iHdusidyasbHozo padiayiiiHozo 3axucmy, ceuHyesi
3axucHi 3aco6u, padiayitiHuii 3axucm.

Astopu K. CkoBoponko, A. Hpeie, 1. Aunpiynesiuiyre, JI. Kpunke ta b. I'pilieHe 3asBsr0Th PO BiICYTHICTH
koHuikTy iHTepeciB. CrioHcOpH He Opaim ydacTi B po3po0iieHHi JOCIiPKeHHS; y 300pi, aHali31i uM iHTepIpeTanii JaHux;
y HalMCaHH1 PYKOITHCY; B PILLIHH] ITPO MyOJIKaLilo pe3yIbTaTiB.
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the writing of the manuscript; in the decision to publish the results.
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SIGNIFICANCE OF BRACHYTHERAPY TREATMENT IN ADVANCED
CANCER OF TRANSVERSE COLON (CASE REPORT)

Introduction. Colorectal cancer, including cancer of the transverse colon, is known
for its potential to metastasize to distant organs. Although the liver and lungs are common
metastatic sites, metastasis to the vagina is rare and poses unique challenges for treatment.

Meth ods. This case report details a rare instance of vaginal metastasis in a 58-year-
old patient with advanced transverse colon adenocarcinoma. According to our experience,
intracavitary brachytherapy of metastasis into the vagina is not effective, especially in cases
of volumetric tumors.

Results.As arule, we use interstitial brachytherapy with an intracavitary applicator
of maximal diameter. Over a 24-month follow-up period, there was no local recurrence or
progression of the disease, along with improved quality of life for the patient.

Conclusions. This case highlights the importance of personalized treatment
approaches and underscores the need for further research to optimize brachytherapy
protocols for the effective treatment of rare metastatic sites in colorectal cancer.

Keywords: brachytherapy, transverse colon cancer, metastasis, intratissue
irradiation.

Introduction

For advanced colon cancer, a special approach is required, which involves
doctors of different specializations in oncology. Radiation therapists working in the
field of external beam radiation therapy and brachytherapy usually take an active
part in treatment. The result of treatment usually depends on the well-coordinated
work of the team. The main task of radiation therapists was to eliminate vaginal
metastases using interstitial brachytherapy after combined treatment of a patient with
transverse colon adenocarcinoma.

Methods

In 2020, a 58-year-old female patient was diagnosed with stage I1A transverse colon

cancer, T3NOMO, adenocarcinoma G1. We obtained written informed consent from the
© Fedorenko Hanna, Romanenko Serhiy, Oksana Kozak,

Romanenko Lyidmila, Rodak Oksana, 2024
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patient to present this clinical case. She underwent a right-sided hemicolectomy
combined with an atypical resection of the left liver lobe. A few months later, the disease
progressed with secondary involvement of both ovaries and the iliac lymph nodes. She
underwent further surgery: a type Il panhysterectomy with selective lymph node
dissection. Additionally, she received multiple courses of chemotherapy (8 courses with
oxaliplatin and capecitabine and 6 courses with irinotecan).

In 2021, disease progression was again diagnosed, presenting as secondary
involvement of the retroperitoneal and mesenteric lymph nodes, along with the
discovery of a metastasis in the vagina. Surgical intervention was performed,
including retroperitoneal lymph node dissection, followed by 6 courses of
chemotherapy (leucovorin, irinotecan, 5-FU), and combined radiation therapy.
39,6 Gy (2.2Gy*18 fractions) to pelvis with concomitant intracavitary
brachytherapy 7 Gy*4, total dose 28 Gy with normalization 5 mm from mucosa was
delivered (Kwon et al., 2020).

In three months, volumetric lesion in vagina right wall was confirmed at CT scans
and visually. Intratissue brachytherapy with rigid needles was decided to use. Dose
distribution and needle location is shown at the Fig. 1. Needle insertion was done by
freehand under anesthesia. Doses amounted to 30 Gy (1 time per week, 10 Gy fraction).
Treatment was carried out at Microselectron 30 channels on the base of CT scans
(Marchal et al., 2006). The radiation reactions (burning and profuse discharge) observed
were consistent with Grade 2 criteria according to the Common Terminology Criteria
for Adverse Events (CTCAE). These reactions lasted one month approximately.

|

Fig. 1. Dose distribution and needles location in the first fraction
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Results

Following the initial intratissue brachytherapy treatment, the patient's positive
clinical outcomes were reflected in the three-month contrast-enhanced CT scans,
which showed no pathological lesions and no signs of tumor recurrence in the
vagina. This early response is indicative of the therapy's efficacy in targeting and
controlling localized disease. Intratissue brachytherapy's ability to deliver precise,
high-dose radiation directly to the tumor while minimizing exposure to adjacent
healthy tissues is a significant advantage. This targeted approach not only enhances
the effectiveness of the treatment but also reduces potential side effects, thereby
improving the patient's overall quality of life.

Long-term follow-up at the two-year mark further affirms the success of the
intratissue brachytherapy approach. The sustained absence of disease progression over
this period demonstrates the durability and effectiveness of the treatment in managing
vaginal metastases. This extended period of disease control is particularly noteworthy,
as it underscores the potential for intratissue brachytherapy to provide long-lasting
results compared to more traditional treatment methods. The reduced likelihood of
disease recurrence or progression suggests that this technique could be a viable option
for patients requiring localized treatment with minimal systemic impact.

Furthermore, the observed benefits of intratissue brachytherapy extend beyond
disease control to include significant improvements in patient well-being. The
precision of the treatment not only ensures targeted tumor destruction but also
minimizes damage to surrounding healthy tissues, leading to fewer complications
and a better quality of life. This favorable outcome highlights the technique's
potential for broader application in managing similar conditions. The promising
results from this case advocate for continued research and consideration of
intratissue brachytherapy as a preferred modality for localized tumor management,
potentially offering improved patient outcomes and enhanced therapeutic efficacy.

Dicussion and conclusions

This case underscores the importance of brachytherapy in achieving local control
in patients at advanced stages of cancer, supporting a multidisciplinary approach to
cancer treatment. Intratissue brachytherapy proves to be an effective method for
managing vaginal metastases in colorectal cancer patients, as evidenced by successful
disease control and absence of progression during a two-year follow-up period.

In addition to the positive clinical outcomes, the patient experienced minimal side
effects during the course of treatment. The precision of intratissue brachytherapy,
particularly with the use of rigid needles, allowed for targeted radiation delivery that
spared healthy surrounding tissues, reducing the likelihood of severe radiation-
induced complications. The management of any mild side effects, such as temporary
local irritation, was effectively handled through supportive care, ensuring the
patient's comfort throughout the treatment period.

Furthermore, this case highlights the potential of intratissue brachytherapy as a
valuable component in the multidisciplinary management of complex oncological
cases. By integrating this approach with other treatments, such as surgery and
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systemic therapies, we were able to achieve a high level of disease control. This
underscores the importance of ongoing research and clinical trials to further refine
intratissue brachytherapy techniques and establish standardized protocols that can be
widely adopted in clinical practice, ultimately improving outcomes for patients with
advanced or recurrent cancers.
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3HAYEHHSA BPAXITEPAIII B JIIKYBAHHI IIOIIIMPEHOTO PAKY
MONMEPEYHO-0B50/10BOI KUIIIKH (KJAIHIYHUH BUIIAZOK)

Bcryn. KoaopekmaavHuii pak egidomuii ceoe€lo 3damHuicmio memacmazyeamu y

giddasieHi opzaHu. Ale memacma3su y eaziHy 3ycmpiuaiomuscsi documsb pidko, momy ye
CMeopIo€ Ne6Hi BUKAUKU 01 8U3HAYEHHSA MAKMUKU JAiKyeaHHsA. Xouemo nokasamu Haul
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ycniwHuil doceid suKopucmaHHsA 8HympiwHbOMKAHUHHOI 6paximepanii daa eaimiHayii
8dziHa/IbHUX Memacmasie K0/10peKma/1bHOoi a0eHOKapyuHoOMU.

MeToaAHu. YHIKaIbHiCMb onucaHo2o eunadkKy 6 3acmocy8aHHi Ybo20 .memody
JiKy8aHHA nicis1 npogedeHo20 Kypcy ducmaHyitiHoi npomeHegoi mepanii Ha maauii ma3s i
8HYyMpIiWHL0NOPOHCHUHHOI 6paximepanii (uepe3 3 micayi KT-docaidswceHHs i 2iHeKo102iuHUTl
021510 niomeepou/1u Hasi8HicMb 06'€EMHO20 ypaxceHHs npasoi cmiHKu eaz2iHu).

PesyabTaTHu. Byjso npuiiHamo piweHHsa 3acmocysamu xcopcmki 2oaku. CymapHa
802HuUwe-do3a cmanosuia 30,0 Ip, pazosa - 10,0 I'p. O6cmediceHHs1 4epe3 3 micsayi
niomeepduiu nosHy pezpeciio ymeopeHHs. KonmpoasHe KT-0ocaidxceHHs, hizukarsHuil
021150 Yepe3 2 poKu nokasaau 8idcymHicms 03HAK NPOA0BHCEHHS X80PO6U.

BUCHOBKHU. OnucaHuii sunadok 6Ka3ye€ HaA eajxc/ausicmb nepcoHanizo8aHo20
nioxody 00 KO0JXCHO20 nayieHma, a makoxc 3Ha4eHHs 6paximepanii 0451 /10KA/1bHO20
KOHMpoilo nowupeHux ¢HopmM Ko/10peKmaabHo20 paKy. BHympiwHbomKkaHuHHa
6paximepanisi Mae 8e/qUKy nepesazy Ha0 SHYMpiWHLONOPOMCHUHHOW Gpaximepanieio,
0c06/1U80 3a HAsABHOCMI 06'eMHUX HoeoymeopeHb. Tomy eadicaueo npodosicysamu
pO3pO6GKYy npomoko.siie ma nposedeHHs nodaqbWux docaidxceHb 'y chepi
8HYMpIWHLOMKAHUHHOI 6paximepanii 0.5 nokpawjeHHs1 pe3yabmamie JAIKYy8aHHs |
8UKOPUCMAHHSA MAKCUMA/IbHO20 NOMeHYyia/y ys020 memody JAiKy8aHHs.

Kinw4dyoBi ciaoBa: 6paximepanis, pak nonepe4yH0-0600080i KUWKU, 8a2iHAAbHI
Memacmasu.

Astopu I'. denopenko, C. Pomanenko, O. Kozak, JI. Pomanenko ta O. Posak 3asBJIs10Th PO BiICYTHICTh KOHQIIIKTY
iHTepeciB. CrioHCOpH He OpaJii ydacTi B po3po0JIeHHi I0CIiIKEHHS; Y 300pi, aHaIi3i UM iHTeprpeTawii JaHuX; y HallMCaHHi
PYKOITHCY; B PillIeHH] PO MyOJTKallil0 Pe3yJIbTaTiB.
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JIEP?KABHUM IJIAH 3AXO/IB 1110/10 PAJIOHY -
METO/IMYHE 3ABE3NEYEHHS HOT0 PEAJII3ALL

BcTyn. 32i0H0 3 yKpaiHCbKuM 3aKOHO0a8cmeoM micyegi op2aHu 8UKOHA84oi 6.1adu
ma opzaHu micyeso2o camospsidysaHHs gidnogidaomv 3a 3a6e3neveHHs padiayiiiHozo
3axucmy HaceseHHs, iHfhopmyesaHHs npo padiayitiHi pusuku, 3anpoeadiceHHs 8i0no8idHUX
npozpam ma ix giHaHcysaHHs. Came yYysa desezoeaHa 8idnogidansHicmb 3a npakmu4yHy
peanizayilo naaHy 3axodie i komnemeHyii sumazaroms 8i0 depicasHUX opzaHie enadu
3a6e3neyeHHs1 mepumopiaibHUX 2pomad 8idnogidHuMu iHCmpymeHmamu, SKi
do3zeosa10meb peasizyeamu yi eumoz2u Ha npakmuyi 8i0nogioHuUMu HOPMamMueHo-
npagosumu doKymeHmamu. Memolo po6omu € OGIpyHMy8aHHs ma po3po6Ka
HOpMamueHuUX ma Memoou4yHuUX dOKyMeHmie uyodo padoHy 8ionoeioHo Ao MidCHaApOIHUX
cmaHdapmie das peaaizayii [Lnany 3axodie.

MeTtoau. Y npoyeci po6omu 6yn0 nposedeHO nOpiBHAAHUII aHANi3 BUMO2
MIiNCHAPOOHUX ma 8iMYU3HAHUX peziamMeHmMie 3 numaHb padiayiiiHozo 3axucmy
Hace/1eHHA Wj0do onpoMiHeHHS NPUPOIHUMU dcepeaamu 6UNPOMIHIOGAHHS.

PesyabTaTu. Y po6omi HagedeHO OCHO6HI pe3y/sbmamu SUKOHAHHSA NEpuIo20
emany padoHo08020 0epicasHO20 N/1AHy 3ax0die y KoHmekcmi po3po6Ku Memodu4Ho20
3a6e3nevyeHHs1 0CHOBHUX Hanpsimie peasizayii npoepamu. OcHO8HuUll akyeHm po6omu 6y/10
3po6/1eH0 Ha O6GIpyHMY6aHHi ma 6umo2ax YUX HOPMAMUEHUX OJOKYyMeHmMie ujodo
sumipioeaHb padoHy 8 nogimpi xcumaosux i 2pomadceKux 6youHkie, cucmemi zapanmitl
AKocmi yux eumipioeaHb ma npoyedypax 36ipeHHs], OYiHI08AHHSA 003 ONpoOMiHeHHs ma
padiayitinux puzukie moujo.

Bu cHoBKkU. HadaHo inhopmayito npo iHwi memooduuHi pekomeHdayii, aAKi cb0200Hi
nepe6ysaioms Ha cmadii 3ameepadiceHHss MO3 YkpaiHu i cmocylomubcs o0kpeMux acnekmis
peasizayii 3a80aHb n1aHy 3axodie ma 3mMeHuleHHs1 d03 OnNpoMiHeHHs Hace/1eHHA YKpaiHu
8id npupodHux dxcepeu.

Knw4yoBi csoBa: padoH, niaH 3axodie, HaceneHHs, NpupodHi padioHykaidu,
MemoduyHi pekomMeHIayil.

Beryn

VY mucronani 2019 poxy KabGiner MinicTpiB YkpaiHu 3aTBepauB AepKaBHHUN
IJIaH 3aX0AiB MIoA0 panoHy (mami — [lmaH 3axofiB), SKUH 32 CBOEI 3MICTOBHOKO
4acTHHOIO Bignosinae Bumoram JupektuBu Pamm 2013/59/Euratom Big 5 rpyaHs

2013 p. Ta OcHOBHMX CTaHAApTiB Oe3nekn MiKHApPOIHOrO areHTCTBa 3 aTOMHOI
© INaBnenko TetsHa, Ppusrok Mupociaasa, 2024
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eneprii (MAI'ATE) (KaGiner MinictpiB VYxkpainu, 2019; Council Directive
2013/59/Euratom, 2013; IAEA Safety Standards, 2014; IAEA SSG-32, 2015).
Amnani3 cutyanii B YKpaiHi 1100 PiBHIB ONPOMIHEHHS HAcEJIEeHHS! BCTAaHOBHUB, IO
roJiasibliia ycrimHa peaiizaiis [I1any 3axo/iB 3aeXUTh HacaMIIepe/ Bijl HAsIBHOCTI
BiJMOBiIHOT HOPMATHBHO-TIPABOBOi 0a3W Ta YITKOrO PO3IMOJiTYy OOOB'SI3KIB 100
BHKOHAHHS OKpEeMHX HOro 3aBaaHb. Y ceprHi 2023 poky no 3akony Ykpainu "[Ipo
3axHCT JIIOAWHYM Bil BIUIMBY iOHi3yrouoro BumpomiHioBaHHs" (BepxoBna Pana
VYkpainu, 1998) Oynu BHeCeHI 3MiHM BIiAMOBIAHO JO BHMOI HOBOI CHCTEMHU
pajiaiiifHoOro 3axXucty Ta pedopM aereHTpatizallii, iki Oysiu 31iiCHEH] B onepeaHi
poku. Crarts 10 1bOro 3aKkOHY BifHECTAa JI0 KOMIIETEHI[T MICIIEBUX OpraHiB
BHKOHABYOI BIIQJM Ta OpPraHiB MiCIIEBOT'0 CaMOBPsAYBaHHS (YHKIIIT 3a0e3MeYeHHs
pajianiifHOro 3axWcTy HaceleHHs, iH(OPMYBaHHS MpPO pajialliiiHi PU3UKH,
3aMpPOBAKEHHS BIAMOBIIHUX MpoOrpaM Tomo. Taki KOMIETEHII BUMararTh Bij
Jiep’)KaBHUX OpTaHiB Biaau 3a0e3ledeHHs] TEPUTOPIATbHUX TPOMaJ] BiIIOBITHUMHU
THCTpYMEHTaMH, IO JO3BOJSIFOTh Peali3yBaTH I[i BUMOTH Ha TMPAKTHII, a came:
HU3KOK0 HOPMATHBHO-TIPABOBUX  JIOKYMEHTIB  (METOMMYHUX PEKOMEHJAIIIMH,
BKa3IBOK, IHCTPYKIIIH TOINO), fAKI MICTATh QJITOPUTMH i 100 BUMIPIOBAHHS
paJoHy B TOBITPI Ta OLIHIOBaHHS pPaJOHOHEOE3MEUHOCTI TEPUTOPIH, MEperiK Ta
MOSICHEHHST MOYJIMBUX 3aXMCHUX 3aXOJiB TOIO. Hampukia, 3 METOr0 BU3HAUCHHS
pajianiifHuX pU3NKIB JJIs1 HACEIIEHHSI BiJl paJIoHy HE0OXiTHO TPaBUIIBHO CIUIAHYBATH
JOCII/DKCHHSI, 3a0e3MeUnTH HOro penpe3eHTAaTHBHICTh (BUOIpKa, JOIUTHHA
KUTBKICTh BUMIPIOBAHB TOIIO) IS MTONAJBIIIONO OIIHIOBAHHS PiBHIB OMPOMIHEHHS,
MaTH METOMUKH BCTAHOBJICHHS-3HATTS PaJOHOMETPIB, TPOBECTH IHTErpabHI
BUMIPIOBAHHS, BU3HAYMTH BiNMOBiAHI €(pEKTHBHI J03HM, PO3PaxXyBaTH BEITHUUHY
PH3HKIB, TATH pEKOMEHAAITIT 00 MTPOTUPATOHOBUX 3aXO/IIB.

Memorw podomu € OOTpyHTYBaHHS Ta PO3POOKA HOPMATHUBHHX T4 METOJUYHUX
JOKYMEHTIB IIOJI0 paJiOHy BiIMOBIAHO 0 MKHAPOAHUX CTAHIAPTIB JUTS pearizamii
[Tnany 3axomiB.

Metonun

[IpoBeneHo TMOPIBHSAUIPHUN aHaNi3 BHMOI MDKHAPOOHMX Ta BITYH3HSIHHUX
periIaMeHTiB 3 MHTaHb paJiallifHOTO 3aXUCTy HACEJIeHHS MIOAO0 OIMPOMIHEHHS
MPHUPOJAHUMU JDKEpENaMd BHUIPOMiHIOBaHHSA. J[ns OOIpyHTYBaHHS OKpEeMHX
TIOJIOYKEHb JOKYMEHTIB OYyJIH IpoaHalli3oBaHi pe3ynbTaTH BUMIPIOBaHb pajioHy 0a3
nmaHux mabopatopii pamiamiitHoro 3axucty Y "IHCTUTYT TpoMaachbKOro 3/I0pOB's
im. O.M. Mapzeea HAMH VYkpainu" (1Y "II'3 HAMHYVY") mono kKoHmeHTpamini
aKTUBHOCTI PaJIOHy B MOBITPi MPUMIIIEHb Ta BMICTY MPUPOIHUX PAdiOHYKIITIB Y
OyaiBenmpHUX MaTepianax i cHpoOBHHI. BuMiproBaHHS pajoHy MPOBOIMIHNCH 32
€IMHUMHU TPOTOKOJIAMH METOJZIOM TMACHBHOI TPEKOBOI pPaJOHOMETPIi 3 YacoM
excnio3umii He Merme 30 mi0 B omamroBanbHUN ce30H. CHCTeMa TapaHTid SKOCTI
BHMipIOBaHHs 3a0e3medyBaiacs KariOpyBaHHSIM TPEKOBUX JIETEKTOPIB Y PaJOHOBHIA
atMocdepi, sSKa Mae craTyc poOOYOro erajoHa, Ta MPOIEAypaMu TOPIBHIHB 3i
[IBeAChKOMO areHITIEr0 3 MUTAHD PAiallifHOrO 3aXUCTY.
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HocmimxenHs BMicTy npupoanux panionyknigis (I[IPH) y OyniBensHHX
MaTepiajax Ta CHPOBHHI TNPOBOJWINCH CIIEKTPOMETPUYHUM METOAOM i3
3aCTOCYBaHHSIM TamMa-cnekrpomerpuuyHoi cucteMu ORTEK (CHIA)  3i
cruHTHsAHUM nerektopoM Nal (T1). [ns kaniOpyBaHHS raMma-CIeKTpOMeETpa
BHUKOpPHUCTOBYBasoch ctangaptae mkepeno AMERSHAM (Himeuunna).

Pe3syabraTtu

Ha mepmomy erami peamizamii [Inany 3axomiB nabopaTopiero pamiaiiiiHOro
zaxucrty Y "II'3 HAMHYVY" Oynu mpoananizoBaHi BiacHi 0a3u JaHHX IIOJO
KOHIIGHTpAI[il aKTUBHOCTI paJOHy B TOBITPI JKUTIOBHX MNPHUMINICHb Ta
3aKOHOMIPHOCTI iX ()OpMYyBaHHsI, a TAKOXK pe3yNbTaTH BUMipioBaHb Bmicty [IPH y
OymiBeNbHUX MaTepiaigax Ta CHPOBHHI, MiHepaJlbHUX noOpuBax,
BifIxozax / 3aiuInKax MpoMHUCIOBHX mianpuemMctB Ykpainu (Pavlenko, et al., 2010,
S06-P06; TTaBnenko Ta iH., 2015, ¢. 21-24; Pavlenko et al., 2014, p.213-216;
[NaBnenko Ta iH., 2020, ¢. 220-229; INaBnenko ta in., 2021, ¢. 14-20). [IpoBenenuit
aHali3 J03BOJIMB BHM3HAYHATH OCHOBHI BUMOTH JI0 TEPBUHHOTO OOCTEXKEHHS
HACEJIeHUX MYHKTIB, OOTPYHTYBATH i chOpMYITIOBATH BIIIOBIIHI TOJOKEHHS PSTY
HOPMATHUBHUX JOKYMEHTIB, sIKi O€3I0cepe/THbO CTOCYIOThCS MOJAIBIIOT YCIiITHOT
peanizanii [Tnany 3axomis, a came:

® po3poduTH caHiTapHUH periiaMeHT "OCHOBHI CTaHAAPTH OE3IIEKH MOBOKECHHS
3 MaTepiajamH, SIKi MiCTSTh PaJliOHyKIIiIA IPUPOITHOTO TTOXO/HKEHHS'";

® PO3pOOWTH METOMWYHI peKoMeHaamii "MeToauka MpoBeIeHHS MOHITOPHHTY
panony";

® po3poOMTH METOMWYHI pekoMeHAarlii "Bu3HadeHHS Ta  OIIHIOBaHHS
KOHIIEHTpAIliif aKTUBHOCTI paJIOHy Ha POOOYIMX MicIrsix'".

Canitapuuii permament (CP) "OcHoBHI craHmapTh O€3MEKW TOBOIKCHHS 3
MarepialamM#, fKi MICTATh PaXiOHYKIIIA TPUPOJHOTO ITOXOMKEHHSI" MICTHTH
3araibHi BUMOTH MO0 3a0e3MedeHHs padialiiiHOr0 3aXCTy HACeTIeHHs BiJ] BIUTUBY
MIPUPOIHUX JHKEPEN 10HI3YI0UOr0 BUIIPOMIHIOBAHHS Y JKUTJIOBUX MPUMIMIEHHSX, HA
poboYMX MiCIIX, Y TPOMAACHKAX 1 BUPOOHHUYUX OymiBIsX / ciopymax, a TaKoX
BCTaHOBIIIOE€ 0a30Bi MEIMYHI BUMOTH 3aXHCTy Ta OE3MEeKH B ICHYIOUHX CHTYAaIlisiX
OIPOMIHEHHS IIONO PAMIONOTIYHUX PHU3WKIB Y CEPENOBHINI IKUTTEISITEHOCTI
JIIOAWHY Ta BUMOTH O€3MEKH ISl JIFOJUHH, HEIOTPUMAHHS SKHX CTBOPIOE 3arpo3y il
3II0POB'TO 1 JKUTTIO.

CP 3zampoBamkye pedepeHTHI piBHI IIOAO OMPOMIHEHHS MPUPOTHUMU
JDKepenaMu ISl Pi3HUX CIIeHapiiB OMPOMIHEHHS, a caMe: JJIS BMICTy pajoHy-222
(razy) y TOBITpi KHUTIOBHX, TPOMAJCHKAX Ta O(ICHUX MNPHUMIIIEHb 3arajJbHOTO
IPU3HAYCHHS Ta HEIOB's13aHKX 3 BUpooHHUITBOM — 300 BK/M?; BMicTy pamoHy-222
(razy) [uist IpUMIIIEHb JUTSYUX 3aKIaiB (AUTAYI CaIOYKH, ITKOIH Ta iHII OCBITHI
3aKIIaju), JTiKyBalbHUX Ta 03710poBunX ycranoB — 100 br/m®,

Jns BU3HauYeHHS paJlOHOHEOE3NIeYHOCTI OyaiBeNb 1 CIOpYZ Ha eramax BHOOpY
3eMeNIbHOI IUISIHKM JTOKYMEHT Iiepedadae NPOBOAMTH JIOCTIDKEHHS KOHILIEHTpaLiil
AKTHBHOCTI PaJIOHY B IPYHTOBOMY ITOBITpi. SIKIII0 BU3HAYEH]1 KOHIIEHTpAIlil aKTHBHOCT1
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IPYHTOBOTO PajloHy B MeKaX KOHTYpY 3a0yMOBH CTaHOBIATH moHan 30 000 Bx/n’,
MPOEKT CHIOPYIH Ma€ MepeadavyaT CUCTEMY IPOTUPAIOHOBOTO 3aXHCTY.

OKpiM IIbOTO TOKYMEHT TAKOK MICTHTB:

® BHMOTH JI0 BMICTy MPUPOTHUX PadiOHYKIiAiB y MiHEpalbHUX NOOpHBax Ta
arpoximikaTax;

® BUMOT'M IIOAO 3a0e3MeueHHs pajiaiiifHol OC3MeKH IiJ 4ac TMOBOJKCHHS 3
MiHEpaJILHOIO CHPOBHHOI 1 MaTepialaMy 3 MiABHIICHUM BMICTOM HPHUPOAHUX
PaiOHYKITIIB;

® BUMOI'M IIOA0 3a0e3MeUeHHs pajiaiiifHol Oe3MeKH IiJ 4ac TMOBOJKCHHS 3
BUPOOHWYHMMH 3aJTUIIKAMHU 3 MiJIBUIIEHUM BMIiCTOM MPUPOJHHUX PaliOHyKIiIiB;

® BUMOTM JI0 MaTepiajiiB, II0 BHUKOPHUCTOBYIOThCS IIiJi 4ac OyJIiBHUIITBA
(peKOHCTPYKIIii, KamiTaJIbHOMY PEMOHTI) YKUTIOBHX 1 TPOMAJICBKHX OyIiBeNb Ta
CTIOpY/]I TOIIO.

lomo ompomiHeHHs HAa pOOOYMX MICHSAX JTOKYMEHT 3alpoBajKye OOMEKEHHS
CyMapHOi JIOaTKOBOT PiuyHOi e(QEeKTUBHOI J103M ONPOMIHEHHS IMpaIliBHUKA BiJ
MIPUPOIHOrO Pai0OaKTHBHOIO MaTepiany Ha pobodoMy MicIli 6 M3B 3a KajeHIapHUH
pik Ta MiCTUTH pedpepeHTHI piBHI OO0 BMICTY paJjOHy Ha POOOUYHX MICISX.

AJITOPUTMH TIPOBEICHHSI BUMIPIOBaHb 1 MOPSJIOK BU3HAYCHHS W OI[IHIOBAHHS
piBHIB ompomineHHs1 mpaiiBHuKiB Big [IPH 3 pamoHOM BKIIOYHO ISl Pi3HUX
CIICHApiiB ONPOMIHEHHS MICTATh METOIWYHI pekoMenaamii "BusHaueHus Ta
OLIIHIOBAHHS KOHIICHTpALlid aKTUBHOCTI paJoHy Ha poOoumx wmiciax". Ilei
JOKYMEHT HacamIepes CTOCYEThCS TMIANPHEMCTB Ta BHIIB IiSUTBHOCTI, SKi
BIZIITOBIMAIOTH ICHYIOYIH CHTYaIIil OIPOMIHEHHS, TOOTO THX POOOYHX MICITh, Ha SIKUX
ompominenHss IIPH, BximoyHO 3 pamoHOM, € HEBII'€MHOIO YacCTHHOIO
TEXHOJIOTIYHOTO Tporecy. Takuit TUm poboYMX MicHb, y TPy depry,
MpUTaMaHHUH MIAMPUEMCTBAM 3 BUIOOYTKY Ta MepepOOKH KOPHCHHUX KomaiuH. J{ist
IIBOT'O CIICHAPIIO OIIHIOBAaHHS piBHIB onpoMineHHs Bif [IPH Ha pobounx micmsax ms
OUTBIIOCT] MATIPHEMCTB OYIyTh TMOB'sI3aHI 13 30BHIIIHIM OIMPOMIHEHHSM MOOIH3Y
MICIlb CKJIQJyBaHHS CHPOBHHH Ta B MICISX PO3TAIIyBaHHS 3aJIUIIKIB / BiIXOIiB
BUPOOHHUITB 3 migBuiieHuM BMicToM [IPH. [lpyruii crienapiii onpomMineHHS — 1ie
3BUYAiHI poO0Ui MICIS B IPUMIIIEHHSIX TPOMAJICHKUX OyIiBeNb, /Ie ONPOMIHEHHS
MPAIliBHUKIB BU3HAYAETHCS KOHIEHTPAIIIMH aKTHBHOCTI paZioHy B TIIOBITpi, a
JDKepenoM HOro HaIXOMKEHHs Y IPUMIIIIEHHS € MiACTeNSI0qi IPYHTH.

VY 2023 p. MO3 VYkpainu 3aTBepaniIo TaKOX METOTUYHI peKOMEHAaIii om0
BHMIPIOBaHb PAJIOHY B IMOBITPI KUTJIOBUX Ta TPOMAJCHKUX OYAMHKIB y KOHTEKCTi
MIPOBEJICHHS TIEPBHHHOTO OOCTEeXKEHHA HaceleHuX myHKTiB. Lli MeromgmuHi
pEeKOMEHJaIlil MICTSTh aJITOPUTM il MOJ0 BU3HAYECHHS KOHIICHTPAIId aKTHBHOCTI1
panoHy B OyIMHKaX, TPOMAJICBKHUX CIIOPY/AaX Ta 3aKijajax, alrOpUTMHU aHANI3y [UX
JaHUX, 32 YMOBH, III0 BOHU PENPE3EHTATUBHI, METOANKHU OLIHIOBAHHS paJialliifHIX
pPHU3HKIB HaceleHHs Tomo. PekoMeHIamii 3ampoBa/UKYIOTh €IMHI TPOTOKOJIH
OpoLenyp BUMIPIOBaHHS  KOHLEHTpAllii  pajoHy, TNpaBHia IIPOBECHHS
MDKJIA0OpPaTOpPHUX TOpPIBHSHb, BHUMOTH JIO0 €KCITO3HIll paJlOHOMETPIiB TOIIO.
3acrocyBaHHS X MPAaBHJI Ta BAMOI CTBOPIOE YMOBH JJIs TIOAAJIBIIOI PO3POOKH Ta
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(GyHKLIOHYBaHHS JIep>KaBHUX 0a3 NaHHUX MO0 PIBHIB paIoHy B MPUMILIEHHSX Ta HA
poboUnX MiCISIX, @ TaKOXK 3ampoBaKEHHS €IMHOrO iH(opMaliifHOro mpocTopy
LI0/I0 padiallifHUX PU3HKIB, CHCTEM aHajli3y AaHUX JJIs OLiHIOBaHHS e()eKTUBHOCTI
peamizauii [Inany 3axoiB Ta MATPUMKH MIPUAHSATTS MOJAJBIINX PillleHh MiCLIIEBUMH
OpraHaMd BHMKOHABYOI BJIAaJW IIOJ0 HEOOXIAHOCTI BTPYYaHHS 1 pajialiiHoro
3axX¥CTy HAaceIEHHs OKPEMHX TPOMaJl TOIIO.

JlaGopaTopisi MPOOBKY€E MPALIOBATH HAJ METOIUYHHUM 3a0e3neucHHsIM [Inany
3aXOfiB 1 IUIaHY€E B MOJATBIIOMY PO3POOUTH MPOEKTH METOAMYHHUX PEKOMEHAALIN
IIOJI0 OI[iHIOBaHHSA €()EKTUBHOCTI TMPOTUPAJAOHOBUX 3aXOIiB, OIIIHIOBAHHS
OyJiBe/IbHUX MAalJIaHYMKIB, BU3HAYCHHS IHJEKCIB SKOCTI il OYIiBEIbHUX
MaTepiajiB 1 MiHepaIbHOI CHPOBHHHU.

Juckycis i BUCHOBKH

1. Anamiz ykpaiHCBKOTO 3aKOHOJABCTBAa CBIqUUThH, IO 0€3 METOJUYHUX Ta
THCTPYKTHUBHHX JIOKYMEHTIB JIJIsl MICIIEBHX OpraHiB BUKOHABYOi BJaJd Ta OpPTaHiB
MICIIEBOI'0 CAaMOBPSIYBaHHs peatizaliis 1ep)KaBHOI MOJITHKH Yy cdepi paiamiiiHoro
3ax¥CTy HaceleHHs 3a OpakoM (haxiBIliB Ha MICIIEBOMY PiBHI HEMOXKITHBA.

2. Po3pobneHi HOpPMAaTHBHO-METOJMYHI JIOKYMEHTH HE TUIbKA TIOBHICTIO
BiJIIOB11al0Th BUMOTaM MDKHAPOJHUX HOPMATHBHO-TIIPABOBUX JIOKYMEHTIB, alie i
BpPaxOBYIOTh BITUM3HSHUN JOCBIA IIOJ0 OOMEKEHHS OINPOMIHEHHS HacCeICHHS
MPUPOJIHUMHU JDKEPEIaMHU.

3. Po3pobseni Ta 3arBepmkeni MO3  VkpalHM METOAMYHI JIOKYMEHTH
cTaHOBIATh He Oumpmie 20 % Big 3arampHOl MOTpeOM MIOAO METOAMYHOTO
3a0e3nedueHHs] BAKOHAHHS 3aBJaHb IePKaBHOI0 PaJIOHOBOTO IIaHY 3aXO/B.

Buecok aBTopiB: Tersna [TaBneHKo — KOHLENITYaJTi3alisl, METO0JIOTisl, HAMCAHHS — OPUT'iHAJIbHA
yepHeTka; Mupocinasa Opu3I0K — METOIOIOT IS, HAITMCAHHS — NEePerIs 1 pefaryBaHHs.

Monsikn, mkepena ¢iHancyBaHHs. ABTOPH BHUCIOBJIIOIOTh LIMPY MOMSIKY KaHA. OioN. Hayk
M.B. AKCbOHOBY — KOJIMIITHBOMY HPOBIIHOMY CHIBpOOIiTHHKY Jabopatopii pamiawiiiHoro 3axucry Y
"I HAMHY" Ta kauxg wmen. Hayk A.IL Omepuyky — 3aBiayrodoMy BiJUIUIOM  emifiemiosorii
HeiH(peKUIHHUX 3aXBOPIOBaHb Ta (haKTOPiB HaBKOMHUIIHBOro cepenoBuiia Y "LlenTp rpomancbkoro
3n0poB's MO3 Ykpainn" 3a Baromuii BHECOK y po3poOKy CaHITapHOrO perjiaMeHTy Ta METOAUYHHUX
peKOMEeH ALl

Po6ora Bukonana B pamkax HJIP "3a0e3mnedeHHs: HAyKOBO-METOIMYHOIO CYIIPOBOLY ACPHKABHOIO
IUIaHy 3aXO/iB MIO/I0 3MEHIIICHHS PiBHIB PaOHY B MOBITPI XUTJIOBHX Ta TPOMAACHKHUX OyIUHKIB" 3a
¢inancyBanns HationansHol akaseMii MeIMYHUX HayK YKpaiHH.
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STATE ACTION PLAN FOR RADON -
METHODOLOGICAL SUPPORT FOR ITS IMPLEMENTATION

Introduction. According to Ukrainian legislation, local executive authorities and
local self-government bodies are responsible for ensuring radiation protection of the
population, informing about radiation risks, implementing relevant programs and
financing them. It is this delegated responsibility for the practical implementation of the
action plan and competences that require state authorities to provide territorial
communities with appropriate tools that allow these requirements to be implemented in
practice by relevant regulatory and legal documents. The purpose of the work is to
substantiate and develop regulatory and methodological documents on radon in accordance
with international standards for the implementation of the Action Plan.

Methods. In the process of work, a comparative analysis of the requirements of
international and domestic regulations on radiation protection of the population regarding
exposure to natural sources of radiation was conducted.

Results. The work presents the main results of the implementation of the first stage
of the radon state action plan in the context of developing methodological support for the
main areas of program implementation. The main emphasis of the work was placed on the
justification and requirements of these regulatory documents regarding radon
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measurements in the air of residential and public buildings, the quality assurance system
for these measurements and verification procedures, assessment of radiation doses and
radiation risks, etc.

Conclusions. Information is provided on other methodological recommendations
that are currently at the stage of approval by the Ministry of Health of Ukraine and relate to
individual aspects of the implementation of the tasks of the action plan and the reduction of
radiation doses to the population of Ukraine from natural sources.

Keywords: radon, action plan, population, natural radionuclides, methodological
recommendations.
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11y "IHCTMTYT rPOMaACBKOTro 340poB's iMeHi 0.M. Map3eeBa HAMH Ykpainu",

Kuis, Ykpaina

2HanjionanbHuii MegnyHuil yHiBepcuTeT iMeHi 0.0. Boromoabng, KuiB, Ykpaina
3HanjionanbHUI yHiBepcuTeT ¢pi3sMYHOro BUXOBaHHA i cnopTy YKpainuy, Kuis, Ykpaina

CIIBNPALA BITYN3HAHOI HAYKH I MEJUYHOI IIPAKTUKH
Y ®OPMYBAHHI KYJIbTYPH BE3INEKHW B MEJUYHIU I'AJIY31

BcTtyn. Memoi nyé6aikayii cmae aHasi3 pe3yabmamie Hawoi JdisabHocmi 3
YOOCKOHA/1eHHs KyAbmypu 6e3neku 6 MeOu4Hill 2a/ny3i ma oyiHIBaHHs1 enausy yYux
HanpayoeaHs HA 8IMYU3HAHY MeOU4HY NpaKMukKy.

MeTtoau. Y xodi po6omu eukopucmosyeanucsi Hawi nonepedHi memamu4Hi
nyé6aikayii, Mmemodu4Hi po3po6Ku, HopmamueHa 6a3a i 36imHi Mamepiaiu yeHmpaabHUX
opzaHie depiicasHoi 81adu ujodo NnUMAaHsL 6e3neKu 8 0XOpPOHI 300po8 ‘51 YKpaiHu.

Pe3ysbTaTu.Hamu ecmaHos/1eHo, ujo npo6iemu 6e3neku y 6imyusHsaHil cucmemi
OXOpOHU 300p08's € Had36u4allHO aKmMyaabHuUMu 6 MeOUYHOMYy ma CcoyianrbHO-
eKOHOMIYHOMY acnekmi. BoHu eumazaromso 3 60Ky depiicasu HegidKk/1a0H020 6MPYYAHHA.
3okpema, HamMu ece6iYHO OYiHEHO cmaH Ky/abmypu 6e3neku y 6im4u3HsHiill cucmemi
0X0pOoHU 300po8 s i 8 Yyiziomy eusHaHo ii peakmueHuii xapakmep. Y MiHicmepcmei oxopoHu
3dopoe’ss YKpaiHu 3po6/1eHO0 neeHi cnpoGu po3susamu Ky/abmypy 6e3neku Juuie 3d
OKpemMuM HanpsamoMm (Ky/abmypa 00mpuMaHHA 2izieHu pyk), y moii uac ik makuii nioxio He
0Xxon/10€ iHWux 6e3neKo8ux npo6.iem, sKi icHyioms 6 303.

BucHOBKM. €JuHuil cnoci6 po3nouamu He380pomHuil nocmyn Ha wasxy 00
po36ydosu 6e3nevyHo20 AIKaApHAHO20 cepedosuuya noaszaey micHill cnisnpayi Medu4Hoz20
MeHedxcMeHmy, Medu4Hoi 2pomadcbkocmi i Medu4HOi HaQyKuU.

Knw4yoBi caoBa: Kyabmypa 6e3neku, 3axknadu OXOpPOHU 300p08's, medu4Hi
npayieHuKku.

Beryn
Bupuaroun iHTepHET-cTOpiHKM MiXHApOIHOI acoriamii pamiaiitHoro 3axucry
(IRPA), Anbsancy MiKHApPOAHOTrO PajioNoriyHOro TOBAPHCTBA 3 AKOCTI Ta Oe3meKu
© Cxanenbkuii I0piii, iBopoBcbkuii Osiekcanp, BpyxHo Pomas,

Puran Muxaiino, KpaBuenko Cepriii, 2024
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(ISRQSA) i 1i perioHagbHUX Ta HaIlIOHAJILHWX IPEACTABHUITB, MiXXHapOIHOI
opranizamii meauuHoi dizuku (IOMP), MixknaponHoro ToBapuctsa pamiorpadis i
pamionoriuanx TtexHonoriB (ISRRT), BcecBitHboi ¢enepanii ympTpa3ByKy B
MeauuHi Ta 6ionorii (WFUMB) Toimo, y yeproBuii pa3z yrBepKyeMocs B AyMIIi,
mo caMme QaxiBii 3 MEIUYHOI pajJioNorii, i Hacammepe] MeOUUHI (QI3UKH MOXYTh
CTaTH OCHOBHOIO PYIIIMHOIO CHJIOI s TIOKPAIeHHS KYyJIbTypH O€3leKu B
memuiHi 3aranoM. |OMP mpakThuHO 3 [OHS CBOro 3acHyBaHHS BHCTYIIA€
rmocepegHukoM 1 ydacHmkoM cmiBopami Mik BOO3 i MAI'ATE y po30ymosi
MO3UTHBHOI KyJbTYPH pajialiiHol Oe3neKu B MEIUUHIN Trany3i. PesymbraToM 1riei
CHIBIpalll cepe]| iHIIOrO € BHJAHHS LLOI'O POKY IHCTPYKIi JUIsS MOCTA4abHUKIB
MEIWYHUX TOCIYT 3 MiABHMINCHHS KyJIbTypH pajialiiiHoi Oe3nekun B OXOpOHi
smopos's (WHO et al., 2024).

[Ipobnemamu KynbTypH Oe3nekn MU TepeliMaeMoch rmounHarouu 3 2015 poky.
Ha namy aymky, yxe € norpeba MiBECTH MIJICYMKH I1i€i poOOTH Ta OLIHUTH Tl
e eKTUBHICTb.

Memoro nybaikauii ctaB aHalli3 pe3yJIbTaTIB HAIIOI AisJIHOCTI 3 YAOCKOHAICHHS
KyJIbTYpH O€3MeKH y MeIMYHIN ramy3i Ta OlliHIOBaHHsI BIUTUBY IIUX HAIPAI[IOBaHb Ha
BITYM3HSHY MEIUYHY TPAKTHKY.

Metoau

3a3HavaeThCsl TMepeik MarepiaiiB 1 oOJlaHaHHS, BHKOPUCTaHUX Yy pOOOTi, 3
KOPOTKHM OITUCOM IXHIX TEXHIYHHX XapaKTEPUCTHK; OIMC METOIB / METOIUK
BUKOHAHHS JOCIIDKEHHS / eKCIICPUMEHTY, Y TOMY YHCII METOIB CTATHCTHYHOL
00poOKHM HAyKOBUX MaHUX. MartepiasoM AOCITIIKEHHS CIIyT'yBaJIM HAIlli TOTEepeaHi
TeMaTHYHI yO0JIiKaIlii, ornparbOoBaHi METOANYHI Ta HABAJIBHO-METOIUYHI PO3POOKH,
HOpMaTHBHA 0a3a 1 3BITHI MaTepialn LEHTPAIbHUX OPraHiB JSPKaBHOI BIIaIU IO/I0
MUTaHb OC3IEKH B OXOPOHI 370pOB's. Y po0OTiI OyJI0 BHKOPHUCTAHO TaKi METOIM
TOCITIKEeHB: 6i0miorpadiyauil, aHATITHIHIHN, OTUCOBOI CTATHCTHKH.

PesyabTaru

Y1pomoBsx 3a3Ha4E€HOT0 BHIIE IMEePioay 3a 0e3MeKOBO0 TEMATHKOI0 MH BUKOHAJIH
TpH HAyKOBO-AOCHiAHI pobotn i oqHa H/IP Hapasi mepebyBae Ha erari 3aBepIIieHHS.
JIBi i3 mux pobit nmpodinancoBani HAMH VYkpainu, a m8i MO3 Ykpaian. Y xomi
HAyKOBUX JOCII/PKEHD 3 BUKOPUCTAHHIM TPUAHTYJISIIHHOTO Mixxoay Oyno BceOiaHO
OLIIHEHO CTaH KyJIbTypH O€3IeKH Y BITUN3HSIHINA CHCTEMI OXOPOHU 3/IOPOB'S 1 B IJIOMY
BU3HAHO ii peakTuBHUI XapakTep (SIBopoBchkuii Ta iH., 20233, c. 4-10). IIpu upomy
i1eHTH(IKOBaHO OCHOBHI HEIONIKH KyJIbTYPH O€3MEKH y BITYN3HIHOMY JIIKApPHIHOMY
CEepEeNOBHII, Cepel SIKMX: BH3HAYEHO HEIOCTATHIO YBary KEpiBHOI JIAHKU Taly3i J0
mpobneM Oe3lmekn METUYHOrOo TIepCOHANy Ta TMAIli€HTIB;, HEHaJNeKHHH OOJiK
IHIMIEHTIB O€3MeKH Yy IKapHAHUX 3aKjaNaX; HEIOCTATHIO IOiH(QOPMOBaHICTh
MEIMYHOTO TIEPCOHATY PO OE3MEeKOBi MpodieMu Ha POOOUUX MICIISIX; HEIOCTATHIO
MIJITOTOBKY MEAMYHOTO TEPCOHAITYy 3 MHUTaHb OE3IEeKH MAIli€HTIB; MPEBAIOBAHHS B
MEIWYHIA Tamy3i KyJIbTypH pearyBaHHS Ha TIOMHIIKOBI Jii MEIUYHOrO TepCOHAIY,
3aCHOBAaHOI Ha TPUHIMIN "CHiiMaTH Ta IOKapaTH — TaK 3BaHy HECHPABEIJINBY
KynbpTypy Oe3nexu. OcraHHs npobieMa y IbOMY IEpeniky € kirodoBoto. Ha Hamie
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MepeKOHaHHs, caMe 4Yepe3 TaKy HEeCIpaBeAuBY (PENpecHBHY) KyIbTypy Oe3rmeKd
6mm3pko 80 % BITUM3HSHMX MEIMYHHMX MPaliBHUKIB MOOOIOIOTHCS 3BITYBATH MPO
HECTIPUATIAMBI MOIT Ta IHIUACHTH OC3MEKH.

Y Xomi HayKOBUX JOCTIDKEHb Cepell IHIIOr0 HaMHM HAyKOBO OOIPYHTOBAaHO
napagurMy O€3MEeYHOro JIKAPHSHOTO CEPEAOBHINA, OMUCAHO HOTro CTPYKTYpPHY
MOJIeNb, KOTPa MICTHTB BCi OE3MEKOBI CKIIAJIOBI, a came: Oe3NeKy NaiieHTiB; Oe3neKy
Ta TiTi€Hy mpami MeJUYHUX MPaliBHUKIB; 3aXUIIeHICTh mkepen Hebesnekn 303,
MaTepiaJbHUX I[IHHOCTEeW, TIepCOHaNy, WAIi€HTIB y MOBCAKICHHUX YMOBaX;
ctiiikicth 303 10 HAA3BUYAMHUX CUTYaIlil; ekojoridyHy Oesmneky (Ckanenbkui Ta
iH., 2019, c. 82-85).

VY nammx pobOorax (SABopoBchkuit Ta iH., 2021a, c. 23-33) Takox HaOymu
MOJANTBIIOT0 PO3BUTKY METOAOJOrIYHI Minxoan 10 (opMyBaHHS Oe3MedHOoro
JIIKAPHSIHOTO CEPeOBHINIA Yepe3 JIJAEPCTBO MEPIIUX OCi0 y MUTAHHIX OC3MeKH,
3aIliKaBJICHICTh CIIBPOOITHUKIB Yy OC3MEUHUX MOMACIAX IOBEMIHKH 1 BIIKPUTHX
JUCKYCIIX 3a OE3IEeKOBOK TEMAaTHUKOIO, OINTHMI3allil0 HAasSBHUX CHJ 1 3aco0iB
0e3IeKOBOro CIpSIMyBaHHs, GOpMYBaHHS JeTAILHOTO 1H(QOPMAIIHHOTO M IPYHTS
JUIsl 3aMPOBaJHKEHHS PU3HK-OPIEHTOBAHOrO Miaxony (SIBopoBchkuit Ta iH., 2021b)
THIIUX Cy4acHHX IHCTPYMEHTIB e(EeKTUBHOIO YIPaBIiHHS OE3MEeKOI0 Mallie€HTIB Ta
MeAuYHOro mepcoHany (SIBopoBcekuii Ta iH., 2022). Takox Ha miAcTaBi
y3araJlbHEHHs pe3y/IbTaTiB JOCIIIKEHb 1 PO3POOOK 3aITPOIOHOBAHO KOHIIENTYaIbHI
migxoau o popmyBarHs Ctpaterii monepemkeHHs nedeKTiB HaTaHHS MEIUIHOT
JIOTIOMOTH Y BITYM3HSAHIN cucTeMi oxopoHu 310poB's (Cepmrok, Ckanenpkui, &
Puran, 2020, c. 4-11). bynu Hagani mpono3uIlii B YaCTHHI KyJIbTYpPH OC3IEKH 10
npoekty 3akoHy VYkpainum "lIpo Oe3meky mpaili Ta 370poB's TparliBHUKIB'".
[TinroroBieHo Takox mpoekT Ykazy llpesmmenta Ykpaiam "lIIpo meHp Oe3meku
TaIie€HTIB", SIKUW 3a MIATPUMKHU TpodinsHOro KoMiteTy BepxoHoi Pann Ykpainu
HaOyB ynHHOCTI B 2019 p.

3arajom 3 MUTaHb OE3MEKHM B OXOPOHI 370pPOB'sl Oys0 OIMyOJIiKOBAaHO MOHAX
50 HaykoBHUX TIparlb, i3 HuX Outbmie 10 — y HaykoBUX BumaHHsx Scopus / WoS, a
TakoX iHGOpPMAIIfHIX Ta METOAMYHUX JOKyMeHTax. OKpemi HampaifoBaHHS
allaliTOBAaHO Yy HABYAIBHO-METONMYHHMX MaTepiasiaX Ta MiJpyYHUKaX 3a HaIlUM
aBTOPCTBOM. 3a MaTepiaiaMH JOCIiIKEHb IArOTOBIEHO Ta 3axuineHo y 2024 p.
JWCEPTaIiio Ha 3J00yTTS HAYKOBOTO CTYIEHS JOKTOpa MEAWYHUX HAYK HA TEMY:
Menuko-comianbHe  OOTpYHTYBaHHS  (YHKIIOHAJIEHO-OpTraHi3amiiiHoi  Momeni
CHCTEeMH OE3MEeYHOrO0 JIKAaPHIHOTO CEPEIOBHIIA.

Jns oOroBopeHHST pe3ynbTaTiB HAIMX JOCIDKEHb pa3oM 3 BceykpaiHchbkoro
paoro 3axXKCTy MpaB Ta Oe3MeKH MAIliEHTIB OYyII0 OpPraHi30BaHO i MPOBENEHO OIM3BKO
10 HaykoBO mpakTHYHUX KoH(epeHiid. Citi OKpeMo 3a3HAYUTH HAYKOBO-TIPAKTUYHY
koH(pepermito B M. Juimpi y 2017 p., ska BHUKINKaJa 3HAYHUNA PE3OHAHC Y
npodeciiiHoMy MemuuHOMY cepemoBuili. HaykoBo-mpakTnyHa KoH(epeHIis B
HarionamsHOMyY MennaHOMY yHiBepeuTeroM iMeHi O.0. boromonsirs mo JlHs Oe3mexu
MALIEHTIB CTaja MIOPIYHO0, a KOJIO 11 YYaCHUKIB 3 KOXXHUM POKOM PO3IIHPIOETHCSL.
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OpnHak pe30iromnii TeMaTHYHUX KOMYHIKATUBHUX 3aXO0/iB, MepeBakHa OLTBLIICTh
IHIIMX HaIIMX HAampauloBaHb Ta NPOMO3MLIKH II0A0 (opMyBaHHS Oe€3MEYHOrO
JKapHSHOTO CEpeJOBUIIa 3aJMINAIOThCA TOKM IO MMo3a yBarow MiHicTepcTBa
OXOpOHU 3110poB's YKpainu. Ha Hatn npoekT BuIe3a3HaueHoro Ykasy [Ipesuaenra
VYkpainu, skuii Mu moganu cBoro yacy Ao MO3 VYkpainu, Oyna migroroBieHa
Bi/IIOBi/Ib, CYTh SIKOT 3BOJMIIMCH JI0 TOTO, IO MPpoOIeMy Oe3neKn He Ha Yaci.

[eBHOIO Mipor0, SIK peakilisi Ha HAaIly HAYKOBY aKTUBHICTh y Oe3nekoBiil cdepi,
Hentp rpomaacekoro 3a0poB'ss MO3 Vikpainu B 2021 p. mpoBiB BHU3HAYCHHS
OJTHOMOMEHTHOT PO3MOBCIOJDKCHOCT] 1H(MEKIIHHUX 3aXBOPIOBaHb, IOB'A3aHUX 3
HaJaHHsIM craiioHapHoi meauunoi goromoru (ITTHMJI) (ILlentp rpomanchkoro
310pOB's..., 2021). BeranosieHo, mo craHoM Ha 2019 pik moKa3HUK MOMIAPEHOCTI
ITTHM/] cranoBuB 0,035 %, a BusiBUIIOCH 3a qaHuMU 11iel podotu — 5,7 %. ToOTo B
VYkpaini npobieMy HEITOOIIHEHO, OCKLTbKH ODIlliifHO peecTpyeThCs JIMIIE OAMH i3
160 BunankiB takux iHdeknid. He Oyae rpyOo0 MOMHIKOIO CTBEP/UKYBATH, IO
aHAJIOTIYHE CITIBBIHOIICHHS iCHYEe MDK OQImiHHO 3apeecTpoBaHMMHU  Ta
(aKTUYHMMH PIBHSMHU 32 IHIIUMH JeheKTaMH METUIHOT JOTTOMOTH.

3Bakaroud Ha aKTyalbHICTh MpodiaemMu, MO3 YkpalHu orniepaTHBHO BHJIAB HAKa3
"[Ipo opranizaniro npodinakTrku iHPEKIiH Ta iHPEKIIIHHOTO KOHTPOJIIO B 3aKJIaJ1ax
OXOPOHHM 37I0pOB'St Ta yCTaHOBaX / 3aKiajax HaJaHHS comiaapbHuX mocayr” Ne 1614
Big 03.08.2021. V 11bOMy HOPMATHBHOMY JIOKYMEHTI HaBITh 3pOOJICHO CIPOOy
(dhopMyBaHHS KyJIbTYpPH TITIEHH PYK Y JIKapHIHUX 3aKiIagax. AJie mpo KyJIbTypy
TITIEHH PYK 3TaayeThes JIMIIEG B OAHOMY 13 JONATKIB JOKyMEHTa, a HE B Horo
OCHOBHIN YacTuHi. [le cBimUUTH TIpoO Te, IO aBTOPH JOKYMEHTA CTBOPEHHS TaKOi
KyJIbTYpH JEIETYIOTh HE KEPIBHINA JIaHIlI, Bi SKOI B OCHOBHOMY 3QJICKHUTH YCIIIX Y
IiH CTIpaBi, a pSIOBUM BUKOHABITSIM, MOXKJIMBOCTI SIKMX BITUBATH KYJIbTYPY O€3IeKn
BKpaii oOMexeHl. Y IMbOMY X JTOKYMEHTI IPABIIBHO BKa3y€ThCS, IO ''KYJIbTypa
JOTPUMAaHHA TITi€EHU PYK € Jjuuie (aBT.) CKIAJOBOIO KyIbTypH O€3leKkH 3aKiamy
OXOpOHH 370poB's”. [HIMMMH clToBaMH, HE MOYKHA 3MIHUTH CTaBJICHHS J0 OKpEMOi
0e31eKoBOi CKIIaI0BO1, HE MePeHMAar0OunCh KyIbTYPOIO OE3MEKH B JIIKAPHI 3arajioM.
I 3pemuToro, Y1 MOKE MO3UTHBHO BILUIMHYTH Ha YaCTOTY BUHMKHEHHS IOCIITaIbHUX
iH(eKIIii KyIpTypa Tiri€Ha pyK, SKIO HaBiTh Y BITIM3HAHUX CTONNYHAX KITIHIYHUX
JKapHIX BEHTWIALISA He GyHKIiIoOHYe (SIBopoBChKHit Ta iH., 2023a, c. 4-10). TobTO
Ma€eMO OYEBUIHHUH (POpMabHUI 0€3CUCTEMHUH MiXi A0 pearyBaHHS Ha BAXKIIUBY
0e3meKoBy mpooIeMy.

3a manumu [lep:kxaBHOI iHCTIeKIii saepHoro perymoBanas Ykpainu (AISIPY) y
niepioxn 3 2014 mo 2018 pp. B Ykpaini Oyno odiniitHo 3apeecTpoBano 59 BUMaaKiB
MpoMeHeBUX ypaxkeHb oHKomamieHTiB ([lmaukos, 2019). 3a anamoriero 3 [ITHM/],
00 BCTAHOBHUTH peallbHY KUTBKICTh TAaKUX BUTAJKIB, TOMHOXXUMO IIi 59 BHITaJIKiB
HaBiTh He Ha 160, a Ha 100. Otpumaemo udpy, sfka nokasye, mo YopHOOUILCHKA
karactpoda Ha TIIi CUTYyallil y MpOMeHeBill Tepamii — He3HauHa MoAis. | 11e 3HOBY &
Takd He OyJe mepeOUTbIIEHHSIM, OCKIIbKH 3a JaHUMH [HCTUTYTy MemHyHOL
pamionorii im. C.II. I'purop'eBa HAMH VYxkpainu, sixuii y cniBnpaui 3 BOO3 Tta
MAT'ATE 3 1998 poky 3miliCHIOE HE3aleKHUW ayIduT SKOCTI JO3HMMETPHUYHOTO
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KaJmiOpyBaHHA raMMa-TEepaneBTUYHUX CTPYMEHIB METOAOM TEpMOIIOMIHECIIEHTHOT
J03UMETpii, B OKpeMi POKHU IOJIOBUHA YYaCHUKIB ayIUTy TOKAa3ajH, 10 BOHU 0
MyXJIMHU-MILIeH] T0BOAATH 03y abo BHIIly, 00 HUX4y 32 ONTHMalbHY. | MacmTabu
HACIIAKIB Takoi SIKOCTI MPOMEHEBOI Teparii MU OI[IHIOBAJIM Yy CBOIX IMOMEpeaHiX
nyomikarisx ([Munmunenko ta iH., 2015, c¢. 204-214). OnmHak HaBITH Michs ITi€l
myOuTikalii Hiuoro MPUHLIMUIIOBO B HAIIIN MPOMEHEBIH Teparii He 3MiHUIJIOCh, OKpPIM
SIK PO3MIOYATO BITPOBA/KEHHS Y MPAKTUKY 3aCTOCYBAaHHSA MI>KHAPOTHOTO TPOTOKOTY
MAT'ATE "Absorbed Dose Determination in External Beam Radiotherapy:
An International Code of Practice for Dosimetry based on Standards of Absorbed
Dose to Water (TRS-398)", 1o cripusTHME 3apOBaKEHHIO €WHOTO IMiAXOLY 10
BH3HAUCHHS TOTJIMHEHOI JJO3M NPHU JUCTAHIIIHHIN MPOMEHEBIN Teparrii Ta MOXKJIUBO
MIJIBUIIUATG TOYHICTh KaaiOpyBaHHs anapaTiB. AJie K JOBEICHHS JI03H JI0 MyXJIUHH -
MIIIICH] — 11 JIUIIIe OJWH 13 ToHaJ 10-TH erariB IpOMEHEeBO1 Tepaltii, 1110 BIJIUBAIOTh
Ha ii sikicTs. JJIAAPY cTBepmkye, Mo 3ax0au pagialiiifHOro 3aXucTy OHKOXBOPHUX MPH
TEPaNeBTUYHOMY ONPOMIHEHHI BXXKMBAIOTHCS IMOBUIBHO, 1 TO JIMINE ITiJi HATHUCKOM
JepxaToMperyioBaHHs Ta ii TepUTOpiaIbHUX OpPTraHiB NIISIXOM BUa4l IPUTHCIB 1
BCTaHOBJICHHSI JTineH3iitaux ymoB (I[Traukos, 2019).

3peliToro 3anpoBajuTH KyJIbTypy pajiamiiHol Oe3eKu B MEIUYHINA pasioiorii,
CIHUPAIOYMCh Ha BuIleBKasaHy iHcTpykiiro BOO3 (WHO et al., 2024), taxox
HaBPSAJ YM BJACTHCS, SIKIIO HE Oy/e MONITUYHOT BOJI IOJ0 3MiHU CTaBIICHHS JIO
Oesmeku y MeauuHiil cdepi 3aragoM. OfHAK i3 YOroch MOTPIOHO PO3MOYHMHATH.
[Ticas 2020 poky, koiu 30irmm TepMinu aii KoHIenii yrpapriHHS SKiCTIO METUIHOT
JIOTIOMOTH B TalTy3i OXOPOHHU 31OpOB's B YKpaiHi (Hakaz MO3 Ykpainu Ne 454 Bin
01.08.2011) Ta BignoBimHoro Ilmany 3axomiB, TUTAHHS SKOCTI 1 O€3MEKH METUIHOL
JIOTIOMOTH CHOTOJHI 3aJIUITHINCS 1032 CHUCTeMHOI0 yBaroro MO3 VYkpainm. Lle
MATBEPKYE 1 BIICYTHICTH peakiii MiHicrepersa Ha 3akiuk BOO3 monmyautucs o
"I'mobanpHOrO TUTaHy il 13 3a0e3medenns Oe3neku namieHTiB Ha 2021-2030 pp.".

[Tonpu Te o Meaw4Ha cdepa BU3HAHA Cepell BCIX chep eKOHOMITHOI MisITBHOCTI
OITHIEIO 3 HAMHEOE3MEUHINTNX 32 HECMEPTEIIEHAM TPaBMAaTH3MOM cepel iHmmX chep
eKOHOMIYHOI AismThHOCTI, y MO3 Ykpaian HopMaTHBHA 0a3a 1Moo Oe3MeKy i ririeHu
Mpali OXOpPOHW Mpalli MEIWYHWX TPAIiBHUKIB OE3HAAINHO 3acTapiina, a TakoX Y
MIHICTEPCTBI BIACYTHIN MigpO3ALL, SKUA OW OMIKyBaBCS CTBOPEHHSM OLTBII
0e3MeYHrX Ta 370pPOBHX YMOB Ipalli MEIUYHUX MpaIliBHUKIB (SIBOpOBCHKHI Ta iH.,
2021a, c. 23-33). Crnix HaragaTH, o TeMoro BcecBITHROTO JTHS Oe3MeKH MaIli€HTiB y
2020 p. 6yna: "be3nexka MeqMIHAUX TIPAI[iBHUKIB — IIPIOPUATET 1715 OE3EeKH MAIlie€HTiB .

[IpoBeneHe HaMKM TIOBTOpHE OIIIHIOBAHHS KYJIBTYpH O€3MEeKH TAIli€HTIB 1
TIepCoHAITy Yepe3 7 pOKiB Bijl po3ModaTux JOCHiIKeHb (SIBopoBchkmii Ta iH., 2023b,
c. 113-120) He BusBMWIO Xo4ya O SIKUXOCHh IMO3UTHBHHUX 3PYIIECHb Y JIKAPHSIHUX
3aKJIajiaX y CTaBJICHHS aJMIiHICTpaIlii Ta MEMYHOrO MEPCOHANTY JI0 TUTAHb OC3MEeKH.

Jduckycist i BUCHOBKH

1. IIpobnemu Ge3rekn y BITYM3HSAHIN CHCTEMI OXOPOHHU 3/I0OPOB'S € HAI3BUYAHHO
AKTYaJIbHUMH B METUYHOMY Ta COIIAIbHO-CKOHOMIYHOMY acnekTi. BoHn BUMararoTh
3 OOKY Jiep>KaBU HEBIKJIAJHOTO BTPYJYaHHS.
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2. Y MO3 Ykpainu 3po0iieHo MeBH1 cpoOH pO3BUBATH KyJABTYPY O€3MEKH JIMIIIe
32 OKPEeMHUM HampsMOM (KylIbTypa JOTPUMAaHHS TiCi€HU PYK), Y TOH Yac SK TaKHi
IIJIX1]] HE OXOILTIOE THIIMX Oe3MeKoBUX MpoliieM, sKi icHytoTh B 303.

3. €muHuil crocid po3novaTd HE3BOPOTHHUH MOCTYN HA ILIAXY J0 pO30ya0BU
0E3MEYHOro JIIKAPHAHOIO CEPEJOBUINA TOJNATAE B TICHIA CHIBIpAml MEIUYHOIO
MEHEIDKMEHTY, MEIIUYHOT TPOMAICHKOCTI Ta MEIUYHOI HAYKH.

Buecok aBTopiB: IOpiit Cxanenpkuii — nepeBipka, KOHIENTYasli3alis, METOJOJIOTis, HAITHCaHHS
npoekty; Onekcanap SIBOPOBCBKMI — BEIEHHs, aJMiHICTpyBaHHS NPOEKTY, Kypamis naHux; Poman
BpyxHo — Bi3yami3amis, HalMCaHHs, peIeH3yBaHHS Ta pejaryBaHHs; Muxaitno Puran — Hammicanus —
Bisyauizauis, penaryBanus; Cepriit KpaBdeHko — HamvcaHHs — pOpMaJIbHUH aHAII3, peJaryBaHHI.

Monsikn, mxepena dinancyBannsa. CTaTTs € YaCTHHOIO HAayKOBO-AOCTITHOI poOOTH, sKa
¢inancyerscs MO3 Ykpainn "HaykoBe 0oOIpyHTYBaHHS METOIOJIOTIYHOTO MIAIPYHTS Ta pO3poOKa
aJITOPUTMY 3 OLLIHKH KyJIbTYPH O€3IIEKH y MEIMUYHHX 3aK/Ia/ax B yMOBAaX HaJ3BHYaHUX CHTYyaIlii"
(HepxaBuuii peecrpaniiiaunii Homep: 0123U101056).
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COOPERATION OF DOMESTIC SCIENCE AND MEDICAL PRACTICE
IN FORMING A CULTURE OF SAFETY IN THE MEDICAL INDUSTRY

Introduction. The purpose of the publication was to analyze the results of our
activities to improve the safety culture in the medical field and assess the impact of these
developments on domestic medical practice.

Methods. In the course of the work, we used our previous thematic publications,
methodological developments, regulatory framework and reporting materials of central
state authorities on security issues in health care of Ukraine.

Results. We have established that safety issues in the domestic health care system
are extremely relevant in medical and socio-economic terms. They demand urgent
intervention from the state. In particular, we have comprehensively assessed the state of
safety culture in the domestic health care system and generally recognized its reactive
nature. In the Ministry of Health of Ukraine, certain attempts have been made to develop a
safety culture only in a separate direction (the culture of observing hand hygiene), while this
approach does not cover other non-specific problems that exist in health care facilities.

Conclutions. Theonly way to begin irreversible progress towards building a safe
hospital environment is through the close cooperation of medical management, the medical
community, and medical science.

Keywords: safety culture, health care facilities, medical workers.

Astopu 1O. Ckaneupkuit, O. SIBopoBcbkuii, P. BpyxHo, M. Puran ta C. KpaB4eHKO 3asBISIOTH PO BiICYTHICTH
koHdutikTY iHTepeciB. CrioHCOpH He Opaii yJacTi B po3po0iieHHi JOCILKeHHST; y 300pi, aHai3i uM iHTepIpeTanii JaHuX;
Y HaIKCaHHI PyKOMKCY; B PIILIEHH] PO MyOJIIKALIiI0 Pe3yJbTaTiB.
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3lleHTpasibHA iHCHEKLiA 3 AAEePHOI Ta pajianiiiHoi 6e3neky, JHinpo, YkpaiHa

C-AYTHU - KOPUCTb, IKOJA, OCOBJINBOCTI BUKOPUCTAHHA

BcTryn. 36inbwieHHsa nayienmie 3 @02Hena/abHUMU ma MIHHO-8UGYX08UMU
mpaemamu Ha mai gilicbkogux 0Jili npu3eesno 0o Heo6XxidHOocmi 6iAbW WUPOKO20
sukopucmaHHsA C-nodi6HUx peHmzeHiecbKux cucmem. Memoio 00c/1idx#ceHHs € BUSHAYEHHS
oco6ausocmeil efiekmueHo2o ma 6e3ne4HO20 ukopucmaHHs C-nodi6HUx cucmem y
peHmeeHonepayitiHux i3 miHimizayiero 003068020 HABAHMANCEHHA HA MeAUYHULI NepCoOHA.

MeTo gu. lIpogedeHo do3umempudHi BUMIPIOBAHHSA 3 BUKOPUCMAHHAM 39 00UHUYb
C-nodi6HuUX peHmeeHiecoKux cucmem 15-mu pizHux modudgpikayiti. BumipsiHo nomyxcHocmi
003U ONPOMIHIO8AHHS NEPCOHAJTY HA PO6OYUX MICYSIX.

PesyabTaTu. IllpoaHanizoeaHo pe3yaemamu 3a makKuMu XapaKkmepucmuKamu:
nomyscHicme 003U, Wo OMPUMYEMbLCA HA PO6OHOMY Micyi nepcoHay, Ha pieHi 20.108U, 2pydeti,
20HA0 i Hiz; cniggiOHOWIEHHS pexcuMy ekcno3uyii do padiayiliHozo euxody ma ompumaHoi
nepcoHa/10M A03u; pi3HUYS MidHC NOMyHCHOCMAMU 003, AKI GyaAu euMipsiHi Ha pieHi pi3HUX
YyacmuH mina nepcoHasay 6i0nosioHo 00 HANPAMKY ny4ka 6UunpoMiHIO8AHHS; aHAI3
pe3y/sismamie padiayiiiHozo KOHMPO.J110, GUMIPSIHUX 3HAYEHb NOMYyX¥CHOCMi 003U, HagedeHUX
00 3HaYeHHs1 CMAHAApPMHO20 Po604020 HABAHMAXCEeHHS 32idHo 3 /]CaulliH 6.6.3-150-2007.

BUCHOBKHM. 3a ompumaHumu eumipamu Gy/g10 064UC/AEHO NOMyxMcHocmi do3u.
Pe3yaomamu 6yau nopieHsHi 3 peaaamenmosaHumu (13 mk38/200) i epasuiu ceoe€r
He6e3nekow - 6 OKpeMux sunadkax donycmuma nomydcHicmb 0o3u 6yaAa Ha pieHi
32.8 MKk38/200. Takum YUHOM, 68aXMHCAEMO, Ujo hid yac po6omu 3 C-nodiGHUMU
peHmeeHiecbKumMu cucmemamu ma peHmeaeH-onepayiliHuMu 3aco6amu nepcoHany
Heo6Xi0HO sukopucmosgysamu iHAUgIdyaAbHUIl 3aXUcm ma peHmaeHo3axXucHi wupmu.

Knw4yoBi cimoBa: C-nodi6Hi peHmeeHiecbKi cucmemu, d0308e HABAHMAMCEHHS,
nomyscHicmes do3u ONPOMiHIO8AHHS.

Beryn

HasBHiCT, BEIMKOI KIIBKOCTI ITAII€HTIB 3 BOTHEHAJIBHUMH Ta MIHHO-
BUOYXOBMMH TpaBMaMH 3Ha4yHO 30inbpmmmia cdepy BukopucTaHHs C-momiOHHX
PEHTICHIBCHKUX CHUCTEM. 3a MHHYJI JBa POKH IepeBaXkHa OUIBLIICTh MICBKHX Ta

© Ocbmyxa AnTOH, KynikoBa ®aina, llapenko Jlapuca, Kaanymko Jlapuca, 2024
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oOmacHMX  JIKyBaJbHUX 3aKjaAiB 1 MpPakKTUYHO BCi pailoHHI JiKapHi
JHinmponeTpoBCchKoi 006J1acTi OTPUMAIH 1i cUcTeMH. J{HIMponeTpoBChKuii 00macHuiA
Lentp pagiamiiiHoi Oe3meKu Ta MEIUYHOI Pajaiofiorii MPOBOIUTH paiallidHU
KOHTPOJb B yCiX JIKyBaJbHUX 3akiazax JHimporerpoBcbkoi obmacti. Tox Ha
MiZICTaBl JOCIIKEHHST BEIHMKOI KUTbKOCTI C-MOMIOHUX PEHTTEHIBCBKUX CHCTEM
pi3HMX BHUPOOHHMKIB Ta POKIB BHITYCKY CTala HAasBHOIO HEOOXIAHICTH YiTKO
BH3HAYUTH YMOBH iX O€3MEYHOrO BUKOPUCTAHHS. Y IOCTYIHIN JIiTepaTypl MU HE
3HAUILIH Oy/Ab-SKUX aHAJNITHYHUX POOIT Ha 10 TeMy. Y ce, 0 Hapasi € y BUTbHOMY
JIOCTYIII CTOCOBHO BUKOpUCTaHHs C-TIOAI0HUX PEHTTeHIBCHKMX CUCTEM, — 1€ OLJIbIII-
MEHIII JIeTaJibHa 1H(OopMallis Ha caliTaX BUPOOHUKIB 00JIaTHAHHS 3 TUTaHb, JIJIS YOT0
came npu3HayeHi Ti uM iHmn C-nofi0Hi peHTreHIBChKi CHCTEMH.

MeToau

VY npotieci A0OCIiKEHHS OYJIO MPOBEACHO JO3UMETPUYHI BUMIPIOBAHHS ITiJ] Yac
MIPOMEHEBUX OOCTS)KEHb 3 BUKOPUCTAHHSAM 39-Tu omuHMIb C-MOAIOHMX Kepen
10HI3yIOWOr0 BHIIPOMiHIOBaHHS 15-T Momaudikaniii. OCHOBHHMH elleMEHTaMU
C-moni6noi cucremu (SYM_USO_EN_R14-Revision 14, 2022. User manual) e:
pPEeHTreHIBchKa TPYOKa, eNeKTPOHHO-ONTHYHHUN TIepeTBOPIOBAY 3 ITiJICHITIOBAYEM
PEHTIeHIBCHKOT0 300payKeHHS, TeHepaTOpHU npucTpii, C-mopiOHUI TaTUB, MYyJIbT
KepyBaHHS, poOoua CTaHIis JiKapsh 3 MOHITOpaMH JijIsl BHBEICHHS Ha EKpaH
OTpUMaHOro 300pakeHHs. OCHOBHOIO BIJIMIHHICTIO IHMX CHCTEM BiJ 3BHYAHHUX
TIePECYBHUX PEHTTCHIBCHKUX amapaTiB € TTOBOPOTHHUM B yci HampsiMku C-mmomiOHumit
ITaTUB, HAa SKOMY J>XOPCTKO 3aKpIiIUICHI PEHTIeHIBCbKa TPyOKa ¥ EIEKTPOHHO-
ONTUYHHWHA TIEPETBOPIOBAaY 300pakeHHs. lle mo3BONsIE 3pOOHUTH PEHTTEHIBCHKE
JOCIIDKEHHS IIBUAKO Ta 3py4YHO Maike B Oyab-sKi IUIOIIMHI Ta HANPSIMKY
BurnpomiHioBaHHs. OkpiMm rpadigHoro pexumy podotr C-momidHI cHCTEMH TaKOX
BHUTITHO  BIAPI3HSIOTHCS MOXKIIMBICTIO BHKOPHUCTaHHS  CKOIIIYHOTO  PEXUMY
JOCITIKEHB, SIK Oe31IepepBHOTO, TaK i 3 IMITYJICHIM 10HI3yIOUUM BHUIIPOMIHIOBAaHHSIM,
3aUT 3MEHIIIeHHS J030BOTO HABAaHTA)KEHHS Ha TIEPCOHANI Ta MAIliEHTA.

[1ix gac Hamoro mociimKeHHs OyIu IPOBENEHI BUMIPIOBAHHS MOTYXKHOCTI 031
OIPOMIHEHHS TEPCOHATy Ha POOOYMX MICIAX 3rigHo 3 Meroamkoro 3a J[CanlliH
6.6.3-150-2007 (MiHicTepcTBO OXOpOHH 370poB's YKpainu, 2007). BumiproBanHs
BHKOHYBAJIMCS 32 BCIMa PEHTI€HO3aXUCHUMH OTOPOKYBATBHUMH KOHCTPYKIIISIMH,
10 OOMEXYIOTh 30HY BIUIMBY 10HI3YIOUOTO BUIIPOMIHIOBAaHHS, 2 TAKOXK Ha pOOOUHMX
MiCIsiX iepcoHaiy kareropii A. Iliq yac BukopucranHs C-mmoniGHUX cucTeM podode
MicIe JIikapsi OyJI0 po3TaloBaHe SIK B 30Hi il 10HI3YFOYOT0 BUIIPOMIHIOBaHHS, TaK i
B JEeAKMX BUMAJKaxX B3araii Oe3mocepenHbo Oums pkepena Ta mamieHTta. [licms
0araTopa3oBOro CIIKYBaHHS 3 XipypriYHAMH KOMaH/IAMH, 1[0 BUKOPUCTOBYIOTh Y
cBoiif mpaktuni C-nomiOHI cucteMu, 3'aCyBanmcs OCOOIMBOCTI 3aCTOCYBaHHS IUX
CHUCTEeM Yy pealbHUX yMoBax. JlOCHTh YacTO pPEHTreHONOTIYHI JOCIHIiIKEHHS
BHKOHYIOTBCS HE JIUIIEe B O€3MOCepeHiil OMM3BKOCTI IO JpKepena Ta Ialie€HTa, a
JKapsAM JOBOIUTHCS TPUMATH UM NMPUTPUMYBATH IMAaIi€HTa TPU AOCHimKeHHi. Lle
MPU3BOIUTH JIO TOrO, IO TIEBHUW TEpCOHAN TIepioAnYHO TiepedyBae B
HaWHECTIPUATIIMBININX paJiallifHUX YMOBax, ITiJl BIUTMBOM JI03M MaKCHUMAaIIbHOI
MTOTY>KHOCT1 PO3CISIHOTO, a TMOJIEKYAX 1 IPSIMOTO 10HI3YI0YOT0 BUITPOMIHIOBAHHS.
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JUIs 4MCTOTH METOAMKM MW HaMarajich CTBOPUTH MAaKCHMAJbHO 1IMEHTHYHI
YMOBH ]IS BCIX araparis, o OyJiH JOCII/PKEHI, a caMe: 3HAaYCHHS aHOIHOI HANpYTH,
(haHTOM, TI0 BUKOPUCTOBYBAaBCS (LMJIIHAPUYHUI BOJOHATIOBHEHUH (haHTOM
nmiamerpa 150 MM), BimcTaHp Big JpKepena  BUNPOMIHIOBaHHS, HAIPSIMOK
BUITPOMIHIOBAaHHS, BHCOTa BCTAHOBJICHHS (aHTOMYy HajJ piBHEM miajord. Mu
nocimum 15 mozaeneit C-nogiOHUX PEHTICHIBCHKUX CUCTEM, Pi3HUX Moaudikarlii
1 3aBOJIB-BUPOOHMKIB, IO HE IOBTOPIOBAIUCH. J[Jis OIIHIOBaHHS PE3YJIbTATIB
pajiamifHOro KOHTPOJIFO 3rimHo 3 1. 9.26 Hakazy Ne 294 Bix 04.06.2007 no
HCanlliH 6.6.3-150-2007 BuMipsiHi 3Ha4€HHS TMOTY>KHOCTI J03U MPOBOAWIH JIO

3HAa4YEeHHS CTAHJIAPTHOTO pOOOYOro HaBaHTAXKEHHS, MK3B/TOJI:
w

Dn = ————— * DBumip,
1800 = IBuMip

ne Dn — 3HayeHHS MOTY)KHOCTI 1034, MPHBEACHE JO CTaHIAPTHOrO POOOYOro
HaBaHTa)kKeHHsI arrapaTa; DBiMip — BUMipsiHE 3HaUeHHS TOTYXHOCTI 103u; W — poboue
HaBaHTaxeHHs (MA * xB/Tmxn.) (. 3.7 ta 8.1 Hakazy Ne 294 ig 04.06.2007 p. no
JCanlliH 6.6.3-150-2007); 1800 — wac pobotn TepcoHamy KaTeropii A, XB/THKIIL.;
IBEMIp — 3HAYEHHS CTPYMY, YCTAaHOBJICHE ITijl Yac BUMIPIOBaHHS, MA.

PesyabTaTtu

Jiist 3pyYHOCTI CIPUAHSATTS AaHi, miciist 00poOKu, OyiH BijoOpakeHi y 3BeeHii
Tabm. 1.

Tabnuysa 1
IToTy:kHiCTB 103M /151 IEPCOHATY KaTeropii A
nig yac BUKopucTaHHs pisHuX C-noai0HUX peHTreHiBCbKUX CHCTEM

Bumipsina noty:kHicTh 1031 Ha piBHi, Hoty:xHicTb 103U
3HaveHHs MK3B/ron MK3B/roa

Ne | eTpymy, Jomyctuma

MA roJIOBU rpyaei TOHAJY HIir Dn NOTYKHICTh
03U
1 20 151,6 250 230 154,8 1,4 13,0
2 5 13,2 116,2 94,4 76,8 2,56 13,0
3 7 292 283 197 202 4,64 13,0
4 10 434 548 427 416 6,09 13,0
5 10 444 556 439 426 6,17 13,0
6 4 233 305 271 112 8,47 13,0
7 7 594 613 413 4242 9,75 13,0
8 0,9 93 75 70 68 115 13,0
9 3 319 261 248 223 11,8 13,0
10 10 911 1150 897 874 12,65 13,0
11 14 152 163 145 67 12,88 13,0
12 2,7 379 386 350 275 15,93 13,0
13 15 219 228 215 187 16,2 13,0
14 15 542 610 466 224 16,94 13,0
15 2 490 590 440 293 32,8 13,0
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[Ticns posrmany HaBegeHUWX B TaOm. | JaHUX cTae 3po3yMmiluM, o podoTa 3
C-nomiOHMMH PEHTTeHIBCBKUMHU CHUCTEMaMH 3a YMOBU MOCTIHHOTO HIOAEHHOTO
BUKOPUCTAaHHSI HE IiTKOM Oe3meyHa Ais mepcoHany. | eauHor BimmoBigmo Ha
3amuTaHHs, AK mpamoBatd 3 C-TIOAIOHMMH PEHTICHIBCBKUMH cUCTeMaMH 0e3
HEraTUBHUX HACIIAKIB JUIS 37I0pPOB's IIEPCOHANY, €, Ha HAIIl MOTJIsII, BUKOPUCTAHHS
B pPEHTTeH-OIepaniiHuX 3aco0iB iHaMBinyansHo 3axucty (313) Big ioHI3yr04YOro
BHUIIPOMIHIOBAHHS Ta BEJTUKUX PEHTICHO3aXMCHUX IIHUPM.

313 po3pi3HIOKTH 3a IXHIMH 3aXUCHUMH BJIIACTUBOCTSAMH 1 MaTepiajlaMu, 3 SIKUX
BOHM BHTOTOBJIEHI. [y BUOOpy Martepiany Ta CBHHIEBOTO ekBiBaieHTa 313 ciix
TaKOXX BpaXxOBYBaTH OOMeXeH1 (Pi3nuH1 MOKIUBOCTI JTF0AHHA. UnM Kpamuii 3axucr,
TUM OUbIlIa Bara 3aXHCHOTO 3aco0y. 3BakalouW Ha Te, MI0 NepCOHall MOBHHEH
nepedyBaTy y nuX 3aco0ax roJrHaMH, BBAXKAEMO 3a JIOIUIbHE BUKOPUCTAHHS caMe
313 ma BigUIOBIH ocHOBI 31 cBuHIEBHM ekBiBameHToM 0,5 MMm. CBuHIEBHI
ekBiBajieHT 0,5 MM He 37aTHMH TIOBHICTIO YCYHYTH BIUIUB 1OHI3YHOUOI'O
BUITPOMIHIOBAHHS Ha TIJIO JIIOJMHU, alie BiH 3/aTEH y JECATKH pa3iB 3HU3UTH
MOTY)KHICTh OTPUMaHOi J03U. TakuM YHHOM, JOLUIBHUM TAaKHH aJroOpuTM i
MepcoHaly Kareropii A: jikap, II0 NPUTPUMYE MAIiEHTa ITiJ 4ac OOCTEXKEHHS,
ITOBMHEH BUKOPHUCTOBYBAaTH MaKCHMaJIbHUH HaOip HasBHUX 313, 110 BKPHBAIOTh
MaKCHMaJIbHY ILJIOIIY MTOBEPXHI Tijia, & BECh IHIIMHA MEPCOHA, 32 MOXKJIMBOCTI, i
Yyac BBIMKHEHHSI BUCOKOi HANPYTH, OKpiM BHKOpHCTaHHs 313, TOBUHEH 3aXWUCTHTH
cebe 3a JTOTIOMOTOI0 BEIMKOI 3aXHCHOI mupmu. CBHHIICBHI €KBIBaJICHT 3aXMUCHOL
NIUPMH Kpalie OOMpaTH MaKCUMaJbHO JOCTYIHUH, BUXOASYH 3 MOXKIHMBOCTEH
cy0'ekTa rocriogaproBaHHs, ajie He MEHII HK 1 MM.

Juckycist i BUCHOBKH

3Bakatoun Ha MEPEBUINECHHS MOTY)KHOCTI JI03HM 3HAYHOI KUTBKOCTI TIepEeBipeHUX
C-momiOHUX PEHTTeHIBCHKUX CHCTEM, BBKAEMO 332 HEOOXiITHE BUKOPHUCTAHHS B
pPEeHTTeH-ONepalifHuX MMUPM PEHTTeHO3aXMCHUX 3arajlbHOT0 BUKOPUCTAHHSA 3i
CBUHIIEBIM €KBIBAJIEHTOM HE MEHII HiX |1 MM Ta 3ac00iB iHIWBIyaTbHOTO 3aXHUCTY
Ha BIHIJIOBIH OCHOBI 31 CBUHIIEBUM eKBiBajeHTOM 0,5 MM.

Buecok aBTopiB: AnToH OchMyXa — KOHLENTYai3allis, METOAONOr s, Bamiaamis nanux; daina
KynikoBa — KoHILIeNTyasTi3allist, METOOJIOTis, HAIMCAHHS — OPHUTiHANIbHA YepHeTKa; Jlapuca [laperko —
KOHIICMITyaTi3allis, HAMCaH s — eperyisi i penaryBamst; Jlapuca Kanuyko — HanmMcaHHs — Heperisia
i pefaryBaHHsI.

Honsiku, mxepena ¢piHaHcyBaHHA. BHCIOBIIOEMO WIMPY MHOASKY T€HEPAILHOMY AUPEKTOPY
KIT " JxinponerpoBchka obnacHa KiiHiuHa JikapHs iM. Meunnkosa™ npodecopy Cepriro PXKEHKY
Ta BiANOBifaIbHOMY 3a panialiiiny Oe3neKy B JiKapHi MEAUYHOMY JUPEKTOPY, AOKTOPY MEIUYHHX
nayk Ceprito TUMUYKY 3a cnpusiiast po6oTi obnacuoro Lentpy pamiariiHol Ge3nexu ta MeIuaHol
panionorii i MOXITUBICTh BUKOHAHHS IOCIIIXKEeHb Ha 0a3i JTiKapHi.
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BENEFIT, DAMAGE AND FEATURES OF USE OF C-ARCS

Introduction. The increase in patients with gunshot and mine-explosive injuries
has led to the need for a significant increase in the use of C-shaped X-ray systems. And that's
the reason for studying the features of the effective and safe use of C-shaped systems during
surgical interventions with the minimization of the dose load on medical personnel.

M e th o ds. Dosimetric measurements were carried out during radiation examinations
using 15 different types C-shaped X-ray systems, measured radiation dose rates of personnel
at workplaces.

Results. The analysis of the results of dosimetric measurements was carried out
according to the following characteristics: the dose power received at the workplace by
personnel at the level of the head, chest, gonads and legs; the ratio of the exposure mode to
the radiation and dose received by the personnel; the difference between the doses that were
measured at the level of different parts of the personnel’s body, according to the direction of
the radiation beam; analysis of the results of radiation control, measured values of the dose
rate, reduced to the value of the standard workload, according to DSanPiN 6.6.3-150-2007.

Conclusions. Permissible dose rates were calculated based on the obtained
dosimetric measurements. The results of the comparison with the regulations and shows
ustheir danger (in some cases, the maximum permissible dose was exceeded by 2.5 times).
Based on this we consider it absolutely necessary to use X-ray screens and personal
protective equipment in operating rooms.

Keywords: C-shaped X-ray systems, dose load, radiation dose rate.

Astopu A. Ocbmyxa, ®. Kynikosa, JI. Lapenko ta JI. Kamymiko 3asBis0Ts npo BifcyTHicTh KoHGUIKTY iHTepeciB. CrioHcopu He
Opaym ydacri B po3po0iIeHHi JOCipKeHHs; y 300pi, aHa3l 4 iHTepHpeTaril JaHUX; y HAIMCAHHI PYKOIHCY; B PillIeHH] PO MyOiKailito
pe3yabTaris.
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1/lep>kaBHe MiANPUEMCTBO "/lep;KaBHU HayKOBO-TeXHIYHMI IEHTP
3 gAepHoi Ta pajianiiiHoi 6e3neku”, Kuis, Ykpaina

BU3HAYEHHA TOBIIIUHU
AECATUKPATHOI'O OCJIABJIEHHA BUITPOMIHIOBAHHA BUTOKY
BIJI MEJJUYHUX JITHIAHUX ITPUCKOPIOBAYIB 3 EHEPTIEIO 6 MEB

BcTyn. 3 docgidy npoeedeHHs1 depicasHuUX ekcnepmus 3 sidepHoi ma padiayitiHoi
6e3neKu npoeKmie y1awmyeaHHs1 MeOU4HUX AIHIIHUX npuckoploeayie 6y.10 nomiueHo, ujo
mosuwjuUHU 0ecAMUKpPAmHo20 0c/1a6/1eHHs 8UNPOMIHIO8AHHSA GUMOKY 8 6emoHIi 3Ha4HO
8i0pi3HAIOMbCA Yy 8I00MUX, MIXHCHAPOOHO BU3HAHUX MemMOJUKaxX po3paxyHKy 6i0/102i4H020
3axucmy 8 ducmaHnyiiiniii npomenesiii mepanii HayioHaavHoi padu 3 padiayiiiHozo
3axucmy ma sumiproseans, a makodc MAT'ATE.

MeToau. 3a donomozow memody Monme-Kapsio e po6omi Gy.a10 oyiHeHO 4ucs108e
3HA4eHHA MOSWUHU JecIMUKPAIMHo20 0¢/1a6/1eHHS] UNPOMIHIO8AHHSA 8UMOKY MeOU4YHUX
JIHITHUX NpucKoplosavie 3 eHepzield sunpomiHioeaHHs 6 MeB daa 6emoHy i nposedeHO
aHai3 po36ixcHocmi ompumaHoi ma HagedeHUX y MemoduKax ee/iu4uH.

PesyabTaTu. 3apesyssmamamunpoeedeHo20 aHa1i3y 3anPONOHO8AHO 3HAYEHHS
moswjuHU decAMUKPAmMHo20 0¢/1a6/1eHHS1 6UNPOMIHIOBAHHS 8UMOKY MedUYHUX AIHITIHUX
npuckopiosauie eseKmpoHie 3 eHepeielo 6 MeB, Hali6iibwl npuiiHssmHe 045 pO3PAXYHKY
cmayioHapHo20 6i0/102i4H020 3axucmy.

BucHoBKkU. JocaidxiceHHss niomeepadicye kopekmHicmb geauqyuHu TVL =279 mm,
AKa Modice 6ymu 8UuKoOpucmaHa nid 4ac po3paxyHkKy 6i0/102i4H020 3axucmy meoduqHUx
3aKaadie i3 JAIHIIHUMU npuckKoploea4yamu e/eKmpoHie ma 3acmocy8aHHs NPUHYyuny
onmumizayii padiayitiHozo 3axucmy.

KnwyoBi cJioBa: moswuHa decamukpamHozo ocaa61eHHs, AiHiliHull npuckoploeady,
padiayiiina 6e3neka, 6ios02iuHull 3axucm, memod Monme-Kap.io.

Beryn
OnHuM 3 eeKTUBHUX CY4aCHUX METOJIB JIKyBaHHS OHKOJIOTTYHHMX 3aXBOPIOBaHb
€ JUCTaHIifHA TPOMEHeBa Tepamis 3a JOMOMOrOK JIHIWHUX MPUCKOPIOBAYIB
EJIEKTPOHIB (MEANYHUX JIHIHHUX pHCKOopIoBadiB). CboroaHi B YKpaiHi TaKUi METOX
© Benux /imutpo, J/lurBuHcbKa TeTsaHa, llonyaHenko Bitanii, CitHikoBa OJibra, 2024
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JKYBaHHSI aKTHBHO PO3BUBAETHCA 1 BCE OlTbIlIe MEAMYHUX 3aKJIa/[iB BCTAHOBIIOIOTh
TiHIAHI TpUCKOpIoBayi. 3Me01MBIIOro MEMYHI JTiHiIHI MPUCKOPIOBaYi BCTAHOBIIOIOTH
B ICHYIOUMX OETOHHUX OyHKepax, Jie Oyiu po3MilleHi raMMa-TeparneBTHYHI anapaTH.
OcCKimbKM  JiHIMHI TPUCKOPIOBaYl T'eHEPYIOTh BUIPOMIHIOBAHHS 3  OUIBILIOIO
IHTEHCUBHICTIO W EHEpri€lo, HDK TaMMa-TepaleBTHYHI amapar, TO Il TaKhuX
OyHKepiB MOTPiOHO BHKOHATH OIIHIOBAHHS JOCTATHOCTI ICHYIOHOro OiOJOTiYHOTO
3axucTy. s BU3HAYCHHS OCTATHOCTI TAKOTO 3aXMCTYy HEOOXIJIHO 3aCTOCOBYBATH
MIPHUHIUIT ONTUMI3allii, Mo Tmepeadayae JOCATHEHHS OallaHCy MDK MPUHHSATHAM
piBHEM  ONpPOMIHEHHS  MEIOMYHOTO  TEPCOHATly  Ta  BHUTpaTaMH  Ha
MiICHIIEHHS / MOZIEPHI3AII0 ICHYIOUOr0 3aXWCTy. Y IbOMY CEHCI BaXKIUBY POJIb
BiJIIrpatoTh METOIOJIOTIi Ta METOMKH OLIIHFOBaHHSI O10JI0TTYHOTO 3aXUCTY OYHKEpiB
JIHIMHUX TPUCKOPIOBAYiB. 3a3HAauycHi OI[IHIOBAaHHS BUKOHYIOTH 3a BIJIOMHMH
meronukamu MAIDI'ATE (International Atomic Energy Agency, IAEA) Ta
HartionansHoi paau 3 pamiamiiiHoro 3axucty ta BumiproBanb CIILIA (IAEA, 2006;
NCRP Report 151, 2006). OpHiet0 3 OCHOBHHX CKJIAJIOBHX Y PO3pPaxyHKax
010JIOTTYHOTO 3aXHCTY € BUTIPOMIHIOBaHHSI BUTOKY. 3 JIOCB1/Ty BUKOPHCTaHHS METOJINK
(IAEA, 2006) Ta (NCRP Report 151, 2006) y mpoiieci BUKOHAHHS JepKaBHUX
SKCIIePTH3 3 SJACPHOI Ta PajialliiHOT OC3MeKH BUSBWIIOCS, L0 Y IIMX METOAMKAX
3HAYEHHs TOBIIMH JIeCATHKpaTHoro ociadnenHs (TVL) BUIPOMIHIOBAHHS BUTOKY B
0eToHI 3HauHO BiPi3HsIOTECS. [IpuToMy pi3HHI 3HaUeHb T VL crioctepiraeTbes mis
BCIX eHeprid BumpomiHioBaHHs. Llg pobGora mpucesueHa BuBYeHHIO VL
BHUIIPOMIHIOBaHHS BHWTOKY caMe JUIA JIHIHHAX TIPUCKOPIOBAdiB 3 EHEPTI€I0
BUITPOMIHIOBaHHSA 6 MeB, ockinbku BoHM HaiOuibin nommpeni. Meronuka (NCRP
Report 151, 2006) Bu3Hayae nepiny Ta piBHOBakHY | VL BUIIPOMiHIOBaHHS BHUTOKY,
sk 340 mm Ta 290 MM, BigmosigHo. Y cBoro uepry, y meroauiii (IAEA, 2006) TVL
3a3Ha4eHO 279 MM JUII BUITPOMIHIOBAaHHS BUTOKY.

Pisans y TVL BumnpoMiHIOBaHHS BHUTOKY 3HAYHO BIUIMBAE Ha Pe3ylbTaT
pO3paxyHKy TOBIIMHH 3axucTy. Hampuxman, s mocinaGieHHS BHUIPOMIHIOBAHHS
BuToKy B 1000 pa3iB HeoOXifHa TOBIMHA 3aXUCTY 3 O€TOHY cTraHoBUTHME 920 MM 3a
meromukoro (NCRP Report 151, 2006), a 3a metoaukoro (IAEA, 2006) ToBumHa Oyie
cranoputy 837 MMm. HasBHicTh 3Ha4uHOI pi3HMIN B 3Ha4deHHAX | VL y 3a3HaueHmMxX
METOAHKAX € TIPOOIEMOFO SK YT MTPOSKTYBAHHSI BiAMIOBITHOTO O10IOTTYHOT O 3aXHUCTY,
TaK 1 Iy TIPOBEICHHS JEp’KaBHHUX EKCIIEPTU3 3 SAJIEPHOI Ta pamialliiiHol Oe3nmexu
3a3HAaYeHUX MPOEKTIB BCTAHOBIICHHS MEMYHIX JIIHITHAX MTPHUCKOPIOBAYIB.

OTxe, MpoBeNeHHS TOCIIIKEHHS sl BA3HAYeHHS HalOUhII KopekTtHoi T VL Ta
aHai3 po30DKHOCTEH TyXKe BaKITUBE.

Memoto Oocniorycennsn € BusHaueHHs VL y OeToHI Ui BUIIPOMIHIOBAaHHS
BUTOKY MEIMYHUX JIHIHHUX NPHUCKOPIOBAYiB 3 eHepriero 6 MeB Ta mpoBeneHHs
aHaJi3y OTPUMAaHKX PE3yJIbTATIB i3 BijoMuMH BermurHaMu 3 Metoauk (IAEA, 2006)
ta (NCRP Report 151, 2006). 3a pesynbraTamMyd MpOBEACHOTO aHAJI3y
3alporoHoOBaHO BenmuwumHy 1VL, sKka, sk BBakawTh aBTOpH, € HAWOUIBII
PEANICTUYHOO ISl PO3PaXyHKY 3aXHCTY BiJl BUIIPOMIHIOBaHHS BUTOKY MEIMYHUX
JHITHIX TPUCKOPIOBadiB 3 eHepricto 6 MeB.
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MeTtoau

Busznauenns 3nauens TVL BukonyBanocs 3a gornomoror Merony Mounte-Kapiio
3 BUKOpUCTaHHM KoMt toteproro koxy PHITS (Sato et al., 2024) Bepcii 3.32.

IHepuwum xpoxom Oylo MOIENIOBaHHS JPKEpela BHIIPOMIHIOBAHHS — TONIBKU
JIHIAHOrO mpuckoproBaya. Jljii JOCSATHEHHS BIIHOIICHHS TOMVIMHEHOI JTO3H 3a
MeKaMH TPSMOTro IydKa JI0 TIOTJIMHEHOI 03U Ha MPSIMOMY YUKy, 10 JIOPiBHIOBAB
0,001, migbupanacs TOBIIMHA 3aXKCTy 3 BOJb(pamMy HABKOJIO MillleHi JiHIHHOTO
MpHCKOpIoBava. 3a3HaueHEe BiTHOIICHHS € MDKHAPOJHHM CTaHAAPTOM BEPXHBOI
MEKI BEIMYMHM  BHUIPOMIHIOBAaHHS  BUTOKY JJISI  MEOWUYHHX  JIHIHHUX
npuckopioBaviB. EHeprisi eneKTpoHiB, 10 HANITAIOTh HA MillleHb, Oyia MpUAHSTA
TaKol1o, 10 Jopistoe 6 MeB. Po3pobiieHy Mo 1e1b TOIBKY JIHIHHOTO IPUCKOPIOBaYa
300pakeHo Ha puc. 1.

40 . — —T
[epBuHHMIA KOTiMaTOp
Ta 3aXUCT HABKOJIO
mireni (Bonsgppam) 20

‘\\ BupiBHIOBATLHUIA

Miuens (UUITHIAPUYHA (hinsrp (Migp)
MimreHs i3 Bonbhpamy-20 '\
TOBIIIMHA — 2 MM, B .
pagiyc — 11 mMm) ‘ TlosiTps | TOpHHHIH
~40 = S — KOJTiMaTop
-150 -100 H™M  -50 (sombdpam)

Puc. 1. Monesnb royiiBku JiHiHHOTr0 NpUCKOpIOBaYa B KoM 'lotepuomy koai PHITS

Hpyeum kpoxom Oyno BU3HAYECHHS CIIEKTpa BHIIPOMIHIOBAHHS BUTOKY. 3Ba)KarO4un
Ha Te, 0 B OIONOTIYHOMY 3aXHCTi TONIBKM JIHIHHOTO MPHCKOPIOBada BinOyBaETHCS
OaraTokpaTHE pO3CIIOBaHHS BHUIIPOMIHIOBAHHS, MOXKHA BBaXKaTH, IO CIEKTP
BUTIPOMIHIOBaHHS BHUTOKY Ha BeNMWKHX Kyrax (Oimbmie 30°) Bim oci MEpBHHHOIO
BUTIPOMIHIOBaHHS HE 3aJIGKUThH Bl KyTa. Ha Manmmix KyTax HarpsMKy BATIPOMIHFOBaHHS
Bifl OCi ITEPBUHHOTO BUMPOMiHIOBaHHA (MeHite 30°) BUMOTH JT0 010JIOTTYHOTO 3aXUCTY
CTiH 3arajioM BU3HA4YarOThCS PO3CISIHUM BUIIPOMIHIOBaHHSM BiJ TIAIli€HTa, TOMY HEMa
CEHCY JIOCII/DKYBATH CIIEKTpP BUIIPOMIHIOBAHHS BUTOKY HA MaJIX KyTaX.

3BakaroyM Ha BUIIE3a3HAYCHE, JUI JOCIIUKEHHS CIIEKTpa BUITPOMIHIOBAHHS
BHTOKY OyB 0OpaHuil KyT 90°. AOCONOTHI CIIEKTPH TIEPBHHHOTO BUIIPOMIHIOBaHHS
(ms mormuHenoi mo3u 400 ['p/ron B i301eHTpi) Ta BUNIPOMIHIOBAHHS BUTOKY B KyTi
90° Bix oci IEpBUHHOTO BUIIPOMIHIOBaHHS 3a3HaY€HO Ha pHC. 2.

ISSN 3041-1491 (Print) 133



PaaianiiiHuii 3axucTt

Puc. 2. 3moznensoBani komn'orepaum kogoM PHITS cnexktTpu BunpominioBanns

Tpemim kpoxom Oyno Bu3HaueHHs 3HaueHHS TVL BUNpOMiHIOBaHHS BUTOKY B
Oeroni. Y xomm'torepHomy komi PHITS (Sato et al., 2024) Bepcii 3.32
MopnemtoBaiocs 10 tuactuH ToBmmHOK X = 100 MM kokHa. Sk HamiTaroue
BUIIPOMIHIOBaHHSI MOJICITIOBAJIOCS BUIIPOMIHIOBAHHS BUTOKY 31 CIEKTPOM, SIKHH
Oyno oTpuMaHo Ha japyroMmy kpori (puc. 2). KyT po3kpurTts Iydka
BUIIPOMiHIOBaHHS OyB oOpaHumii 5°. CrioyaTKy BCl IUIACTHHU OyJIH 3MOACTHLOBaHI 3
TIOBITPS 711 BU3HA4YeHHS edekTmBHOI mo3u 0e3 ocmabmenHs Do, Llsg BemmamHa
BHKOPHCTOBYBaJlaCh SK OIIOpHA, BIAHOCHO fAKOi Bm3Ha4datorhcs TVL. Jlami
MOYEProBO IUIACTHHM 3allOBHIOBAIMCS OETOHOM Ta BH3HAYANWCSA BIAMOBIIHI
epextuBHI 1031 Dj 3a 3axucToM. Yci e eKTHBHI 03 BU3HAYAIIUCS 32 JOIIOMOT' 00
koedimienTtiB nepepaxynky MKP3 (ICRP, 2010). 300pakeHHsI Mozieli BUSHAUCHHS
TVL Bkazano Ha puc. 3. 3nadgenns TVL obGunciroBanmcs 3a GopMyIor

x-i
TVL; = 55 (1)
&5,
Iie { — HOMEp OCTaHHBOI TUTACTHHH, KA 3aIIOBHIOETHCS OETOHOM.

Pe3yabTaru

Busnaueni 3a ¢opmynoro (1) 3nauenns TVL nHaBeneno B Tabm. 1 i Ha puc. 4.
Otpumani 3naderdss TVL mis Tomma 100 Ta 1000 MM OETOHY BapirOrOThCS Bif
181,77 mm 1o 239,63 mMm, BigmoBimHo. 3HaueHHs D; Bu3HaueHl 3 BIIHOCHUM
CTaHIApPTHUM BimxuiieHHsM MeHme 2 %. 30impmenHs 3HadeHHs TVL 3i
30LTBIIEHHSIM TOBIIMHA OETOHY OOYMOBIIOETHCS (DUIBTPAIIEI0 BUIIPOMIHIOBAHHS
(BHCOKI eHeprii 3aJMIIAlOTBECA B IMyYKy, a MaJli €Heprii MMOTIMHAIOTHCS TOBIIOK
0eToHy) Ta 30UTBIIEHHSM PO3CISHHS BHUIIPOMIHIOBAHHS B HAIPSMKY TONIMPEHHS
BUTIPOMIHIOBaHHS.
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o beronni
[UIACTUHU
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g
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=
g
xepeno p=y
BUIIPOMIHIOBaHHS =
_200 =

Jetexrop
(BusHaueHHs D)

0 100 200 300

X, CM

Puc. 3. MoneJan BU3HAYEHHS TOBIIMHHA
10-kpaTHoOro ocJiadJieHHsI BUIPOMiHIOBaHHSI BUTOKY (3reHeposano PHITS)

Tabnuuya 1
Busnaueni ToBummHu 10-kpaTHoOro ociadaeHHs

i ToBumHa 0eTOHY, i-X, MM Di, n3B TVL:, MM
0 0 2,36E-03 -

1 100 6,65E-04 181,77
2 200 2,15E-04 192,22
3 300 7,76E-05 202,34
4 400 2,87E-05 208,93
5 500 1,11E-05 214,69
6 600 4,44E-06 220,12
7 700 1,85E-06 225,48
8 800 7,95E-07 230,38
9 900 3,56E-07 235,49
10 1000 1,58E-07 239,63
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Puc. 4. I'padiune 300paxeHHs] pe3yabTaTiB PO3PaXyHKY TOBIUIMH
10-kpaTHoro oc;1ad/ieHHs BUNPOMiHIOBAHHS BUTOKY

3a pe3ynbpTaTaMy aHajily OTPUMaHUX JaHuX, QyHKIis 3anexHocti TVL Big
TOBIIMHU OCTOHY Ma€ JIHIMHUN BUTIISAL
TVL(x) = 0,0617 - x + 181,14 . )

3 iCHyI0UYOI TNpaKTHK{A TPOBEACHHS [EpKaBHUX EKCIIePTH3 13 SIOEpHOI Ta
paziamiiHoi Oe3MeKy MPOEKTIB BCTAHOBICHHS MEIUYHHUX JIIHIHHUX MIPHUCKOPIOBAYIB
BIJIOMO, III0 THUIIOBI TOBIIMHHU CTiH OYHKEpIB BiAMOBIAaIOTH Aiana3ony 1-2 M. OTxe,
JOLTBHUM Oyae Bu3HauuTH TVL 3a dopmysoro (2) s cepeaHbOi TOBIIMHH 13
3a3HaveHoro aiama3ony — 1,5 M. [y cepentboi TOBIIMHY CTiH OyHKepiB 1,5 M TVL
cranoputuMe 273,69 mm. Otpumana BenmnuuHa TVL y3romKyeThes 3 BETHYHHOIO
TVL mia BunpoMiHIOBaHHS BUTOKY B 0eToHi 3a Meronukoro (IAEA, 2006), y sxiit
1Ie 3HaYCHHS TOPIBHIOE 279 MM.

Ha aymky aBtopiB, 3nauenHss TVL y meromuri (NCRP Report 151, 2006)
BH3HAUEHI came i MaluX KyTiB (MeHmre 30°) MK HapsIMKOM BHITIPOMiHIOBAHHS
BHUTOKY 1 BiCCIO MEpBUHHOTO BHUIpoMiHIOBaHHs, xoda B Meroauii (NCRP Report
151, 2006) 3a3HaueHo, mo TVL BHITpOMiIHIOBAaHHS BUTOKY BH3HAYEHO caMe JUI KyTa
90° Bi OCi IEpBUHHOTO BHIPOMiHIOBaHH:. BinmosinHo mo crarri (Han et al., 2023),
y 4Kiii ommcaHO TIpOBEAEHE OCTiPKEHHS KYTOBOTO pO3IMOALTY CIIEKTpa
BHUITPOMIHIOBAHHS HABKOJIO MiIlIeH1 JIIHITHOT'0 IPUCKOPIOBaya, 31 3SMEHIIIEHHAM KyTa
HampsIMKy BHUIIPOMIHIOBAHHS BiJl OCi TEPBUHHOTO BHUIIPOMIHIOBAHHS YaCTHHA
CHEeKTpa 3 BHCOKHMH €HEpPrisiMd 30UTbITyeThCs. 3rafjaHuii  BUile eQekT
0araToKpaTHOTO  PO3CIFOBaHHS  BUIIPOMIHIOBAaHHA B  TONIBII  JIHIHHOTO
MPHUCKOPIOBAYa JUIsi MAllMX KYTiB HAMpSAMKY BUIPOMIHIOBAHHS € HE3HAYHUM 32
paxyHOK OUTBIIOI eHeprii BUIPOMIHIOBaHHA. TakMM YHHOM, Ha MajMX KyTax
BHITPOMIHIOBaHHS BUTOKY Ma€ OUTBITY eHepriro, a oTxke, i Ourenry TVL.

duckycist i BUCHOBKH

3a pesympTaTaMU TPOBEISHOrO JOCHI[PKeHHS Oyja BH3HAYE€HA TOBIMHA
JECATUKPATHOTO OCJIabiieHHs OSTOHOM ISl BUNPOMIHIOBaHHS BUTOKY MEIMYHOIO
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JMHIHHOTO TPHUCKOpIOBaya, ska CTaHOBUTH 273,69 Mm. OTpuMmaHa BelMYHHA
y3romkyeTrbes 3 HaBeneHuMm y meroauni MAIATE (IAEA, 2006) 3naueHHSM
279 mm. TakuM UYMHOM, pe3ynbTaTH LBOTO JOCTIKEHHS MiATBEPAXKYIOTh
KopekTHicTh BenmnuuHA TVL =279 MM, sika Moke OyTH BHKOPHCTaHa IIiJ 4ac
pO3paxyHKy OIlOJOTiYHOTO  3aXMCTy MEOUYHMX 3aKIagiB 13 JIHIKHUMHU
MPHUCKOpIOBAaYaMH  €JIEKTPOHIB Ta  3aCTOCYBAaHHS MPHUHLIMIY  ONTHUMI3amii
paaianiiinoro 3axucty. Bukopucranns 3nauenns TVL 3 meroguku (NCRP Report
151, 2006) MokHA BBa)XaTH IOUUIBHUM i OIIHIOBAHHS ''3BepXy" TOBIIUHU
3aXMCTy BiJ] BHUIPOMIHIOBAHHSI BUTOKY 3 TOYKH 30pY KOHCEPBATHBHOTO MiAXOAY
PO3paxyHKiB G10JOTIYHOTO 3aXUCTY JJISl MEAMYHUX JITHIHHUX TPUCKOPIOBAYIB.

Buecox aBTopiB: /IMurpo Benmmx — koHmenTtyamizaris, OCHipKeHHsS, MeTroxonoris; TersHa
JIuTBMHCBKA — KepyBaHHS JIOCHIDKEHHSIM, HAIMCAHHS — OpUTiHANBHA YepHeTKa; Bitamiii [lomyaHeHko —
Bisyamizamis, o0poOka manmx; Oxpra CurHikoBa — (opMaybHHH aHaii3, HANWCAHHS — TEPerJIsi
1 pefaryBaHHsI.
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DETERMINATION OF THE TENTH VALUE LAYER
OF LEAKAGE RADIATION ATTENUATION
FROM MEDICAL LINEAR ACCELERATORS WITH THE ENERGY OF 6 MEV

Introduction. The article addresses the significant differences observed in the
tenth-value layers (TVL) of leakage radiation attenuation in concrete for medical linear
accelerators (linacs) between internationally recognized methodologies of the National
Council on Radiation Protection and Measurements (NCRP) and the International Atomic
Energy Agency (IAEA).

Methods. These differences have implications for the biological protection
calculations. The study aims to determine the TVL for leakage radiation from 6 MeV medical
linacs using the Monte-Carlo method.

Results. The study identifies that for an average concrete wall thickness of
1.5 meters, the TVL equals approximately 273.69 mm.

Conclusions. Thisvalue 273.69 mm is consistent with the IAEA’s value of 279 mm.
The study's findings provide a more realistic TVL value for leakage radiation, which aligns
closely with the IAEA's data, thus offering a reliable reference for designing radiation
protection in medical facilities using linacs.

Keywords: tenth-value attenuation layer, linear accelerator, radiation safety,
shielding, Monte Carlo method.
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BBE/JIEHHA B EKCILJIYATALIIO MEAWYHUX JITHIMHUX IPUCKOPIOBAYIB
I3 MIAITHAHUMU TIAPAMETPAMU (MATCHED LINACS)

BcTyn. fAkicmb sikysaHHa 8 npomeHesiil mepanii € Heo6XiOHOW0 0151 dOCsA2HEHHS
nosumuseHux pesy/ibmamis. HezaniaHoeaHi nepepseu 8 AiKy8aHHIi M03cymb nodoexcumu
3azanbHUll Kypc mepanii, 36iibwylovu pusuk peyudusy nyxauH. Lle npo6aema, wo
cnocmepizaemucs 8 ycix hopmax npomeHesoi mepanii.

MeToau. OOJHi€El0 3 OCHOBHUX NPUYUH Nepepe € MuUMYacoea HecnpasHicmv
06/1a0HaHHA, | 8UpiWIeHHAM Modce 6ymu AIKY8aHHs1 nayieHmie Ha Gydb-aKomy 3 080X
JIHIUHUX  npuckopleayie, AKWO B80HU NpPAsUuIbHO nidizHaHi, 6e3 nompeé6u
nepenianyeaiHs. Tomy ye docaidiceHHs1 POKycyemovcss HA aHadi3i do3umempuqHux
Xapakmepucmuk 060X JHIlIHUX npuckopioeayie, sUKOpUcmMogyiovu 800saHull hanmom i
anmponomopgHruii fanmom 3 1386 demexkmopamu das eepudikayii naaHie AiKyeaHHs1.

PesynabTaTu. IllopisHioeaaucey eidcomkogi 2au6uHHi do3u, npodpini do3 i ix
cumempis. Bepudhikayiss naaHie okpemo Ha 06uUd80X npucKoploga4yax nokasa.a, ujo 95 %
mo4ok do3umempuyHuUx man 36izcaiomvcsa 8 medxcax 3 % / 2 mm. Buxodsuu 3 aHanaisy,
cepedHs1 po36idicHicmb y 003UMempuUYHUX XapaKmepucmukax cmanosums menue 0,5 %,
wo ceiduumsv npo 8UCOKYy MmMoYHicmb nidzoHKU napamempie JIHIIHUX npuckoplogauis.
CepedHiii piseHb 36idtcHOCMI AIKy8aIbHUX NaaHie 98,3 %.

BUCHOBKHU. Pe3ysbmamu nidmeepdxcyloms 8UCOKY HadiliHicms i mouHicmb
Nn/1aHy8aHHs JIKYy8aHHA Ha 060X npuckopioeadax, ujo 3aGe3nedye onmuma/abHe
AIKYy8aHHA nayieHmie.

KnwuyoBi caoBa: uiHiliHuii npuckopioeay, 2aAu6uHHa eidcomkosa do3a,
napamempu npodbinio, nayieHm-cneyugpiuHa 2apanmis skocmi.

Beryn

3a0e3nedyeHHs AKOCTi JIKYBaHHS y IPOMEHEBIH Teparlii KpUTHYHO BaXKJIMBE IS
JOCSATHEHHS TIO3UTUBHUX KIIHIYHUX pe3yibTariB. HezammaHoBaHi mepepBy i 4ac
Kypcy Teparmii MOXYTb INPHU3BECTH [JO MOJOBXKEHHSA 3arajibHoi TPUBAJIOCTI

JKyBaHHS, 110 CIPUSAE aKTHBHIN penonmyisuii MyXJIMHHUX KIiTHH. s 6araTthox
© BpoBuyk Ceprii, Jigik Asina, CappoHoBa OseHa, llleninb 301, 2024
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IIBUAKO3POCTAIOYHMX BUIB PAKy ICHYE 3HAUHHM OOCST KIIHIYHUX JOCIHIPKEHB, 10
JEMOHCTPYIOTh, SIK HEKOMIIEHCOBaHI MepepBH, sSKi 30UIBIIYIOTH 3arajllbHU Yac
JIKyBaHHs, MiJBHUIIYIOTh PH3HK JIOKaJIbHOTO peruauBy nyxiuH (Pozo et al., 2019,
p. 239-244). lle sBuIIE cIOCTEPIraeThCsl MPHU BCIX BHIAX MPOMEHEBOI Tepamii:
pasnKaiIbHOI 1 MaNTiaTHBHOI Ta MOUIMPIOETHCS HA JUCTaHLIHY IPOMEHEBY Tepallito
1 Opaxirepamiro. s JEIKMX THIIIB MyXJIWH, TaKUX SK TUIOCKOKJIITHUHHHHA pak
POTOTTIOTKH, CTPaBOXO.Y, JIEreHb, IIMHKA MAaTKW TOAOBXKCHHS Yacy JIiKyBaHHS
MOXe€ MPHU3BECTH IO BTPATH KOHTPOIIO HaJl MyXJnHO B Mexax Bix 0,8 % 1o 1,6 %
Ha KOJKEH JI0IaTKOBUH jeHb JyikyBaHHs (Dale, & Jones, 2022).

HaiinommpeHinmow TNpUYMHOI TIEpEepPUBAHHS JIIKYBaHHS € ITOUIKO/PKEHHS
obnajHaHHs Ta/ab0 Horo TexHiuHe oOcmyropyBaHHS. OIHUM i3 HaOYEBUIHININMX
pileHp 1i€i TpoOneMH € MOXIHMBICTh TEPEMIlIeHHs MAalli€HTIB, SKi MPOXOAATh
ONPOMIHEHHS, MDK JIBOMa JIHIHHMMH TIpECKOpIOBaYaMH, 0Oe3 T1oTpeOu B
neperianyBaHHi B pasi HecripaBHOCTI ofHoro 3 Hux (Donmoon et al, 2020, p. 1505).
[HTErpartiss KiTbKOX JHIMHUX MPUCKOPIOBAaYiB B ONHOMY BUIIUICHHI MPOMEHEBOT
Teparii miaBHILye edpeKTHBHICTD 1 THYUKICTh KITiHIYHOT KoMaHti. Komu BeprgikoBaHo,
0 MPUCKOPIOBadi (PYHKIIIOHYIOTh Y ME&KaX BCTAHOBIICHWX JIOIMYCKIB Iapamerpis, 1ie
3abe3neuye OUTbIly MOOUIBHICTD y pasi MPOCTOIO JIiHAKA, SK 3aIJIAHOBAHOIO, TaK i
HECTIO/IIBAHOTO, 1 MO)KE€ 3MEHIINTHA PH3WKH, IOB'S3aHI 3 HEOOXITHICTIO IKYyBaTH
naiieHTa Ha KOHKpeTHoMy TiprckoproBaui (Goodall et al, 2022).

Metoaun

JLtst mimirHaHUX JTIHIHHAX TPHICKOPIOBAYIB, OKPIM BUMIPIOBaHb, HEOOX1THUX TSI
MoOy0BH MOJIENI, 3a SIKOI0 CHCTEMa IIaHyBaHHS Oyae po3paxoBYBAaTH JTO30BHI
pO3MOIia B 00'eMi Tijla HaIlieHTa, HOTPIOHO BepU(IKyBATH MOKIMBICTE BUKOHAHHS
JNIKyBaJbHUX JO3UMETPUYHMX IUIaHIB 3 OJHAKOBOIO TOYHICTIO Ha LHUX
MIPUCKOpIOBavyaxX. Y 3arajJbHOMY BHMAJAKY CKBIBaJICHTHI JIHIAHI TPHUCKOPIOBadi
MOXYTh HaJIaBaTH HEOAHAKOBI IIapaMeTpH IJIaHyBaHHA. BogHouac mporokonu st
Takoi Bepudikarii moku 1o ue po3podieni (Tsuneda et al., 2023), Tomy B miit poboTi
MIPOBOAUTHCS aHAI3 AJs MOPIBHSIHHS SK JO3MMETPHUYHUX XapaKTEPUCTHK, TaK 1
JO30BUX PO3IMOALIIB, PO3paxOBaHUX IIiCHs TUIaHyBaHHSA B cucremi Monaco 6 i
BuMipsiHuX Ha 1Box cucremax Elekta Versa HD (puc. 1) y BigainenHi mpoMeHeBoi
tepamii. [lepmmmM erarmom € (puc. 2) MOPIBHAHHSA BiICOTKOBHX TIHOMHHHUX 03,
TTO3/I0BXKHIX Ta IMOTepeIHUX MPOQiTiB, KOHTPOIIO BUXOY TO3H IS PI3HUX PO3MIpIB
moniB Ta KamiOpyBaHHS aOcomroTHOi mo3u. Lli BuMipiOBaHHA BHKOHaHI 3a
JIOTTIOMOT'OI0 BOJSTHOT'O (haHTOMA 3 aJIeKBAaTHUM HaOOpOM iOHI3aIliitHIX Kamep (Iis
pOo3MipiB pamiallifHUX OB 4 cM i0UTBIIE) Ta MIOMHUX AETEKTOPIB (A1 pO3MIpiB
pamiamifHuX TI0IiB 4 CM 1 MeHIIe).

Hacrymaum eramom € Bepudikamis iHAWBIAyaldbHUX IUIAHIB JIIKyBaHHS
MarieHTiB. Y MeXax [ObOro OCTIDKEHHS pO3paxoBaHi JIKyBallbHI IUIAHU 3
BHMIpSTHUMH Ha 000X MPHCKOprOBavyax Oy Bepu]ikoBaHi 3a KPUTEPIEIO, 3TITHO 3
k010 95 % TOUOK MaroTh 30iraTucs B Mexax 3 % / 2 Mm. Ase Takox OyI10 BUMIPSIHO
30DKHICTh MK COOOI0 JO3MMETPUYHUX Mall, OTPUMaHUX 3 000X MPHCKOPIOBAYIB.
[Ipuknaan mopiBHSHHA JO30BHUX Mal HaBeIEHO Ha puc. 3. s 1boro BUMiproBaHHS
BHUKOPHUCTOBYBaBCs aHTpornoMophHuil pantom i3 1386 nioqHUMHU JETEKTOPAMHU.
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Puc. 1. Jlinitinuii menuunuii npuckoproBau Elekta Versa HD
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Puc. 2. [lopiBHsIHHSA BiICOTKOBHX INIMOMHHMX /103 Ta npodiiis
JJ1s OJ1iB pi3HOro po3mipy
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Puc. 3. IlopiBHSIHHSA 103UMETPHYHHUX MAIl, OTPUMAHUX HA MPHCKOPIOBaYax

PesyabTaru

[Tpuknag OTpUMaHUX TaHUX TEPEBIPKU TO3MMETPUYHHUX IapaMeTpiB HaBEIEHO
Ha puc. 4. 30DKHICTh BIICOTKOBHX TTTMOMHHUX J103 Ta POQLTIB paiaifHOro mos
npoanaiizoBaHo B Tabu. 1 ta 2. CepenHs po30iKHICTh cTaHOBUTH MeHine 0,5 %.
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Puc. 4. Ilpukaaau nopiBHAHHSA BiICOTKOBMX INIMOMHHUX 103 Ta npodiaiB moiis.
3HaveHHs po30izkHOCTI (Tiarpama cMHIM K0JbOPOM) 3a3Ha4YeHO cpaBa
3 niHoro mogiaku 0,1 %
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Tabnuya 1
36iskHicTh BincoTKOBUX IriIMOMHHMX Npodiais mydyka 10x10 nis pisHUX eHeprii
Cepeans po36ixkHicTh P0306i2kHicTH max Po30i:kHicTh Min
6 MB 0,183 % L12% 0,031 %
10 MB 0,171 % 1,165 % 0,041 %
15 MB 0,287 % 2,284 % 0,058 %
6 MB (FFF) 0,133 % 0,836 % 0,015 %
Tabnuys 2

3HaveHHS cUMeTPii A/ M0310BKHIX Ta nonepe4Hux npoginis 40x40
JUISl pi3HUX eHeprii Ta ixHi po30ixkHOCTI

IIpuckoproBau 1 | IIpuckoproBau 2 | Po30dikHicTh
6 MB CI/IMe.Tplﬂ MO3A0BKHIX 100,72 % 100,31 % 0.41 %
npodiii
Crmerpist nonepemix 100,61 % 100,40 % 0,20 %
npodiii
10 MB CnMeTplﬂ MO3J0BXKHIX 100,46 % 100,58 % 0,09 %
npodiii
Crmerpis nonepeumix 100,52 % 100,79 % 0,27 %
npodiii
15 MB CnMeTplﬂ MO3J0BXKHIX 101,13 % 100,69 % 0,43 %
npodiii
Cumerpis nonepednux 100,21 % 100,39 % 0,18 %
npodiii
6 MB | Cumerpis HO300BXKHIX o o o
(FFF) | npodpisin 100,99 % 101,07% 0,07 %
Cunerpis nonepednux 100,87 % 101,11 % 0,23 %
npodiii

Juis anamizy J03MMETpUYHUX Mal iHIWBiMyalbHUX TUIAHIB JIIKYBaHHS TAIlI€EHTIB
Oynmu moOymoBaHi TiCTOrpaMu PO3MOILTY BiZCOTKOBUX PO3ODKHOCTEW (TIpHUKIIAL
HaBeZeHo Ha puc. 5). CepeaHiii moKa3HUK 30DKHOCTI peaizallii MIaHiB JiKyBaHHS
Ha JIHIHHUX MPUCKOPIOBaYax cTaHOBUTH 98,3 % KUIBKOCTI MOKa3iB JETEKTOPIB y
3 % no30BOMY Jiiana3oHi.

JAuckycist i BHUCHOBKH

OOnagHaHHA BIiAOUIEHP TIPOMEHEBOI Tepamii JeKiTbKoMa OJHOTHITHUMU
JMHITHIME TPUCKOPIOBaYaMH 3 ONHAKOBO MiNIrHAHUMH TMapaMeTpaMu T03BOJISIE
MIHIMI3YBaTH PHU3UK HE3aIJIAHOBAHUX IIEPEPB y JIKyBaHHI MAII€HTIB, MO AyXe
BOXJIMBO U TIOKPAIleHHS e(QeKTHBHOCTI IJIKyBaHHA Ta BiJJIaJIeHUX HOro
pe3ynbTaTiB, a K HACIIIOK, — BIKHMBAHOCTI naiieHTiB. [IpoBeneHi BUMiproBaHHs Ta
JIETaTbHUM aHai3 MiATBEPKYIOTh KIIHIYHY IPUHHSATHICTD JIKyBaHHS MAI[iEHTIB HA
OyIb-IKOMY 3 PO3IIITHYTHX MPHUCKOPIOBaviB 0e3 HeoOXiTHOCTI MeperIaHOByBaHHS.
VY3aranabpHeH] pekoMeHauii Ajs mpoBeneHoi Bepudikanii ToTpiOHI 1 MOXYTh OyTH
HACTYITHHM KPOKOM ITPOIOBXKEHHS MOJIOHNUX JOCITIIKEHb.
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Puc. 5. Ticrorpama po36izkHocTeil MiK 1BOMA 103UMETPHYHUMHU MaNaMu
JiKyBAJIHHUX IUIaHIB

Buecok aBTopiB: Cepriii bpoBuyk — KoOHIenTyaji3alis, METOIOJIOTis, BUMIPIOBAaHHS, aHAI3,
HaNMCaHHs — OpUTiHAJbHA YepHEeTKa, Neperisy i peaaryBanHs; Anina J{inik — BUMipIOBaHHS, aHAai3,
HAlMCaHHS — OpHIiHAIbHA 4YepHeTKa, permaryBaHus; Onena CadpoHoBa — KOHLENTYyawi3awis,
HAaIWCaHHs — YePHETKA BCTYITY, Meperyiin i peparyBaHHs; 3051 [lleniss — KOHLENTyai3aris, HaliCaHHs —
YepHeTKa BCTYILY, eperiisiy i pefaryBaHHs.
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COMMISSIONING OF MEDICAL LINEAR ACCELERATORS
WITH MATCHED PARAMETERS (MATCHED LINACS)

Introduction. Thequality of treatment in radiation therapy is critically important
for achieving positive outcomes. Unplanned treatment interruptions can extend the overall
course of therapy and increase the risk of tumor recurrence, which is a problem observed
across all forms of radiation therapy.

Meth ods. One of the main causes of interruptions is equipment being out of service
temporarily. One possible solution is to transfer patients between two linear accelerators
without the need for replanning in the event of equipment failure. Integrating multiple
accelerators within a department enhances the efficiency and flexibility of treatment. This
study focuses on analyzing the dosimetric characteristics of two linear accelerators using a
water phantom and an anthropomorphic phantom with 1386 diode detectors for treatment
plan verification.

Results. The percentage depth doses, dose profiles and dose outputs were compared.
Verification of dosimetric maps of the plans were performed using the criteria that 95 % of
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the dosimetric map points agreed within 3 % / 2 mm (dose/distance). It was shown that the
average discrepancy in dosimetric parameters is less than 0.5 %, indicating high precision.
The average plan agreement level between two linacs is 98,3 %.

Conclusions. The results confirm the high reliability and accuracy of treatment
planning on both accelerators, ensuring optimal patient treatment.

Keywords: linear accelerator, depth percentage dose, profile parameters, patient-
specific quality assurance.

Astopu A. Jlinik, O. Cacporosa ta 3. Ilenins 3asBISTIOTH PO BiCYTHICTE KOHGIKTY iHTepeciB. UieH penakuiiHol
xosierii Ta opraui3auiiinoro komitery Cepriii BpoBuyk 3asBirsie Ipo BiACYTHICTh KOHGIIKTY IHTEpECIB Ta HEBTPYUAHHS B
TpoLiec OLIHIOBAHHS Li€l CTATTi BIAMOBIIHO 0 MDKHAPOAHMX CTaHAAPTIB MyOuikauiiHoi etuku. CrioHcopu He Opamm
ydJacti B po3poOJIeHHI TOCTIDKEeHHS; y 300pi, aHawi31 4y iHTeprperanii JaHuX; Y HAIMCAHHI PYKOMKCY; B PIllieHHI PO
myOJTiKaIlifo pe3yJIbTaTIB.
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INEPEBATU 3ACTOCYBAHHA METOJAUKH OITPOMIHEHHA
HA I'/IMBOKIHN 3ATPUMIII JUXAHHA (DIBH)
IMIJ1 YAC CTEPEOTAKTUYHOI PAJAIOTEPAII (SBRT)

BcTtyn. CyuacHa npomeHesa mepanis Wupoko 8UKOPUCMOBYE HOGIMHI MexXHiuHI
3aco6u 018 noKpawjeHHs IKocmi i moYHocmi onpoMiHeHHs1 3/1051KICHUX HO80YMEOpeHb. 3a
ocmaHHI poKu cmepeomaKkmu4Ha padiomepanisi nyXAuH /e€2eHb Ma 4epesHoi NOPoHCHUHU
NO4YUHAE 3ACMOCO8Yy8amMuct Giibwl akmueHo. IIpu4uHOI Yb020 € 8NPOBAOIHCEHHS HOBUX
npucmpoie 0451 cuHXpoHizayii onpomiHeHHs1 3 OuxaHHsM nayienma. Mema poGomu
pO32/151Hymu ma oyiHumu 3acmocy8aHHs1 HO8UX MeXHIYHUX 3aco6ie y npomeHesiii mepanii
Yy s1iKyeaHHi nayienmie memodukoio SBRT.

MeToau. 11 monomempuyHoi nid2omoeku eukopucmosyeascss Komn'iomepHuil
momoczpadh. Ik dodamkogi diazHocmu4Hi Mamepiaau 8UKOpUCMO8y8a1UCL 306PAHCEHHS
MPT. IlaanysaHHsA padionoziYHUX nAaHvie /IKy8aHHs1 S8UKOHYeas10cs 3a 00Nnomoz2010
naaHyio4oi cucmemu Monaco (Elekta Solutions AB).

PesyabTaTu. Kodxcen nayienm npoxodue KT-monomempuuHy nid2omoeky, nio uac
AKOI BUKOHYy8a./10Cs1 CKAHY8AHHA MA GU3HAYEHHA 2/AUbGUHU 3ampumku eduxy. Ilicas
nidzomoeku nayiecuma npoeodumscs KT-ckaHysaHHs, daai - npoyedypa OKOHMYpIOGAHHSA
opzaHie pu3suky ma miweHi. ITid uac 1iKyeaHHs1 nyxauH se2eHie 3miwjeHHs CTV (kaiHiuHO20
06cA2y NIKy68aHHA), BUKAUKAHE OUXAHHSAM, MOJMCHA 3HIeea108amu Kilskoma cnoco6amu.
3a3euuaili sukopucmosylms piwleHHs, 3acHosaHe Ha ompumanHi 4D-KT. Memodu IGRT
nepedéauaioms aKkmueHull KOHMpoasv duxaHHs (ABC) pa3zom 3 KOHmMpo.ieM OUXAHHS 3d
~memodukoio DIBH.

BucHoBKU. Hosi mexHiuHi 3aco6U 0151 KOHMPO/I0 3a NOJAOHCEHHAM MA OUXAHHAM
nayieHmie 00360.15110Me 3MeHWUMU 06'eM onpomiHeHHs1 ma 8idmosumucs 8id 8UKOpUCMAaHHSA
dodamkosux cmpykmyp 045 onpomineHHs (ITV), wo Hadae Modtcaugicmes 3meHwUmMu do3oee
HABAHMAMCEHHA HA KPUMu4Hi Op2aHu, ma Jd0360/I51€ BUKOPUCIO8ysamu MemoduKy
sikyeaHHs SBRT 3 6i1bwiolo 6e3nexolo 0415 nayieHma.

Knw4yoBi cJsoBa: npomeHesa mepanis, 2au6oka 3ampumka duxavHsa (DIBH),
cmepeomakmuyHa padiomepanis (SBRT).

Beryn

Crepeoraktruna pamioreparis (SBRT) — me merom mpomeHeBoi Teparrii, 1o
BHKOPHCTOBY€E BUCOKOTOYHI OIS JUTSL JOCTaBKU JO3W paiallii mij 9ac JTiKyBaHHS
MyXJIMH y PI3HUX YaCTHHAX TiNla, OKpiM TomoBHoro Mo3ky. (Videtic, & Stephans
2010, p. 1). Bona takox BitoMa sIK CTEpEOTaKTUYHA aONIATUBHA IPOMEHEBA Teparlist
(SABR). L1s meroauka € BUCOKOC(EKTHBHUM METOJOM JIIKYBaHHS ITyXJIMH JIET€Hb,
0co0MMBO Ha paHHIX cTaaisix HexpiOHoKITHHHOrO paky jereHb (NSCLC). 3a3Buuaii
TaKe JIKyBaHHS TPOBOJUTHCA B OMHY a00 Kimbka (hpakitiii (Bim 1 1m0 5 ceaHcIB), 110
niaBuitye edexktuBHIicTh JikyBaHHS. SBRT He notpedye XipypriuHoro BTpy4yaHHs,
10 3HM)KYE PU3MK iH(EKUiH 1 CKopouye Yac BiIHOBJIEHHS HauieHTa. 31 cBOoro 00Ky

3aCTOCYBaHHS METOIMKY TO0Koi 3arpumku quxanHs (DIBH) y moeqnanni 3 SBRT
© Mamuyp Birtaniii, 2024
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JIO3BOJISIE 3MEHIITUTH PYXJIUBICTh MMyXJIMHY Ta HABKOJUIIIHIX OPTraHiB, MOKPAITYIOYH
TOYHICTh JOCTaBKM pamiauii. Buxopucranns DIBH po3Boisie  yHMKHYTH
OITPOMIHEHHS 3JI0POBUX TKAHUH, TAKUX K CEPIIC 1 JIETCHI, SIKi MOXKYTh 3MIl[yBaTUCS
ITiJ] YaC HOPMAJILHOTO IUXaHHS.

MeTtoau
JlikyBaHHs mpoBoAMioch B Memuunomy wneHTpi “'Kiinika Manydakrypa”
TOB "Acknemion”. s TOMOMETPUYHOI  MIJATOTOBKA  BHKOPHCTOBYBABCS

KOMIT'IoTepHUit ToMorpad. Sk 0AaTKOBI AiarHOCTUYHI MaTepialli BAKOPHCTOBYBAINCH
300paskenHst MPT. [InanyBaHHs pamioNoOrivHUX IJIaHIB JIKyBaHHS BHKOHYBAJIOCS 3a
nornomoror tianyrouoi cucremu Monaco (Elekta Solutions AB). besnocepentbo
OIPOMiHEHHS TIPOBOAMIIOCH Ha MEIMYHOMY JiHIiHOMY npuckoproBadi Elekta Infinity
(Elekta Solutions AB) 3 BuKopucTaHHSIM ()OTOHHOTO BHIIPOMIHIOBAHHS 3 €HEPTI€I0
6 MeB 0e3 BupiBHtoBanbHoro ¢inerpa (FFF) Ta Mmeroaukoro nocraBku no3u VMAT.
JI7st KOHTPOJTFO 32 JIMXaHHSM Ta 3MIIlIEHHSIM ITOJIOKEHHsI TTAIliEHTa BUKOPHCTOBYBAJIACh
CHCTeMa OINTUYHOTO CIOCTEPEKEHHS 3a moBepxHero Tita Catalyst+ ta Sentinel
(C-RAD Positioning AB). s iHdbopMyBaHHs TNaIlieHTa MPO TIHMOMHY BIHXY
BHUKOPUCTOBYBAJIMCh CMapT-OKYJISIPU Ta PI3HOKOJIBOPOBI CBITJIOBI IHJWKATOPH B
Cepe/IMHI MPOIEAYPHOro KadiHeTy.

Jnst OIIHIOBaHHS 3aCTOCYBaHHS TEXHIYHHMX 3aco0iB y MpoIleci JIKyBaHHS 3
IMOOKOI 3aTPUMKOI0 JUXaHHs Oynu BHOpaHi 4 Malli€eHTH: JBOE 3 JIarHO30M
aJICHOKapIIMHOMA JIiBO1 JieTeHi (mpumrcana mo3a ompomineHHs 50 I'p 3a 5 ceaHciB),
OIIMH 13 MIarHO30M TEIAaTOIESMIONsIpHA KapIieHOMa TIeUiHKH, MeTacTa3 y JIereHi
(mpurmcana mo3a onpomineHHs 60 I'p 3a 3 ceaHciB), OUH 13 TiarHO30M KapIMHOMA
MIIUTYHKOBOT 331031 (TIpUIcaHa 103a onpoMineHHs 24 ['p 3a 3 ceanciB).

Pe3ynabraTn

Y mpotreci miAroTOBKY 110 JIKyBaHHS KOKEH TarfieHT nmpoxoauB KT-tomomerpuyany
MATOTOBKY, MiM Yac $KOi BHKOHYBAJIOCS CKAaHYyBaHHA Ta BW3HA4YEHHS TJIMOWHU
3aTpuMKH Bawxy. [lnms Bisyasmizamii AWXaHHS KOXKEH MAIliEHT MIT BHKOPHCTOBYBATH
CMapT-OKYJISIpH, € 3a JIONOMOrOI0 Tepefadi 300pakeHHs Bifl ONTHYHOI CHCTEMH
CITIOCTEpPEKEHHS MiTr 0a4nTH aMITTITYAy CBOro quxanHs (puc. 1 Ta 2).

[Ticns iHCTpYKTaXKy Ta MiArOTOBKY marienTa npoBoguthes KT-ckanyBanus, nami —
TIpoLIeAypa OKOHTYPIOBAHHS OPTaHiB PU3HKY Ta MiltreHi. [1icist Bu3HaueHHS TIOIOKEHHS
Ta JI03U JJIs OIPOMIHEHHS ITyXJIMHN MeIHi (pi3uKu 301HCHIOIOTE TtaHyBaHHs. [1in gac
MPOIIECY BU3HAYAETHCS HAWOUTBIIT ONITUMAIIBHUI METOJT JIOCTABKHU JI03U Ta BUKOHYETHCS
ONTUMI3AIIisl T030BOr0 HABAHTAKEHHS HA OPTaHU PU3HUKY.

VY mporeci nmikyBaHHA myxiuH JereHiB 3mimeHHs CTV (kmiHiuHOTO 00CSTY
JKyBaHHS), BUKIMKAHE IWXAaHHSM, MOXKHA 3HIBEIIOBATH KUTHKOMAa CIIOCOOaMM.
HaitgacTime BUKOpUCTOBYIOTSH pillieHHs, 3acHoBaHe Ha orpuManHi 4D-KT. Ilamientn
MOBHHHI OyTH CKAaHOBaHI MPOTATOM KUTBKOX IMKIIIB JWXaHHS, BUKOPHUCTOBYFOUH
30BHIMIHII MapKep, /T BU3HAYEHHS TIOJI0KEHHS ITYXJIUHH 1 JIET€HIB MPOTSITOM Pi3HUX
¢a3 muxanapHOro mukiy. IlotiM MokHa peraryBaT a3y JMXaHHS JUIS CTBOPEHHS
BHYTpilHBOrO 1iyboBoro o6'emy (ITV) puc. 3. Kpim Toro, cmig BpaxoByBaTH pyx
OpraHiB MiJx dYac JIKyBaHHA 3a JOIOMOTOI IIPOMEHEBOI Teparii 3 KOHTpOJIEM
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300paxkenns (IGRT). Meromu IGRT nepen0auaroTh akTHBHUN KOHTPOJIb JUXaHHS

(ABC) y noeHaHHI 3 KOHTpOJIeM auxaHHs 3a Meronukor DIBH.

E Gating

-
.z',}

"
=
3

- 3

Puc. 2. Animaniss aMmutiTyau 1uxanHs (37aiBa), AKy 0a4MTh NAII€HT,
i 3MiHa ocBiTJIeHHsI y npoueaAypHOMY KabiHeTi (cipaBa)

BiIMOBiAHO 10 aMILUTITY M AUXAHHS
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[Ipouenypa ompoMiHEHHS MPOBOJUTHCS 3 BHKOPUCTAHHSM ONTHUYHOI CHCTEMHU
MO3HLIIOBaHHS Ta KOHTPOJIIO 32 AUXaHHAM. Lle 703B0oMsi€ KOHTPOMIOBATH 3MIllICHHS
naiieHTa 3 TO4HIcTIO 0 1 MM (puc. 3). Buxin peHTreHiBCbKOro BUMPOMIHIOBAaHHS
CHHXPOHI30BaHO 3 JMXaHHIM Ialli€HTa Ta PO3MOYMHAETHCS K TUIBKH aMILTITyaa
JIMXaHHS JOXOAUTb JI0 3eJICHOT0 MPSIMOKYTHHUKA (puc. 3).

e B

w1

Puc. 3. Intepdeiic nporpamuoro 3a6e3neyenns: Catalyst+
3 JIITHKOI0 KOHTPOJIIO 32 MOJ10:keHHAM (1) Ta KOHTPOII0 32 TMXaHHAM (2) manieHTa

Posmipy  TNpsSMOKYTHHMKa  BH3HAYalOTHCSI ~ METOAMKOI  JIIKYBaHHS  Ta
MOKJIMBOCTSIMH CHCTEM CIIOCTEPEXKEHHS 3a nuxaHHsMm. s meromukm SBRT i
cucremu C-RAD me +1 mm (Nguyen et al.,, 2023, p.2). Bukopucrauas Takoi
CHUCTEMH KOHTPOIIO 3a TIOJIOKCHHSIM TIAIli€EHTa JO3BOJISE€ BIAMOBHTHCH Bif
BukopuctanHsa [TV, mo 3Ha4HO 3MeHIrye o0Csar ompomineHHs (puc. 4). Y cBoro
4epry, 1e J03BOJISIE 3MEHIITUTH JTI030BE HABAaHT)KECHHS Ha OPTaHH PU3UKY, YHUKHYTH
3HAYHUX MOOIYHUX HACTIIKIB MICIS JIKyBaHHSI.

5 b
Puc. 4. Po3noain 95 % npunucanoi 103u JikyBaHHs HaBKoJ10 PTV.
IlnanyBaHHS ONPOMiHEHHS MPOBOIUTHCS
0e3 BUKOPUCTAHHS 10/1aTKOBOr0 00csiry JikyBaHHs — I TV
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Jduckycis i BUCHOBKH

HoBi TexHiuHi 3ac00U JJIsi KOHTPOIIO 32 MOJOXKCHHSM Ta JUXAHHSIM MAI[iEHTIB
JIO3BOJISIIOTH 3MCHIIUTH OOCST OMPOMIHCHHS Ta BiMOBHMTHCS BiJi BUKOPHUCTaHHS
JOJIATKOBHX CTPYKTYp Ijas onpomineHHs (ITV), 1mo Hamae MOXKIMBICTD 3MEHIIIUTH
JI030B€ HABAaHTA)XCHHS HA KPUTHUYHI OpPraHd Ta J03BOJISE BUKOPUCTOBYBATH
MeToAuKy JiKkyBaHHs1 SBRT 3 GunbIIor0 Oe3mekoro i marieHTa.

Monsikn, mxepena ¢inancyBannsi. Bucnosmroro momsky mupekropui TOB "Ackmenion™
(Memmunoro nentpy "Kiminmika Manygaxrypa™) Kopenbskosiii Onp3i B'suecnaBiBHi 3a Hamane
o0JTaJHaHHS Ta T03B1JI BUKOPUCTAHHS MaTepialliB TOCHIHKECHHS.
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ADVANTAGES OF USING DEEP INSPIRATION BREATH HOLD (DIBH)
RADIATION METHODS DURING STEREOTACTIC RADIOTHERAPY (SBRT)

Introduction. Tumormotionis oneofthe main challenge of lung stereotactic body.
The purpose of the presented work is to show the need to use additional methods of
controlling the patient's breathing amplitude in order to refuse the use of additional
volumes of treatment.

M e th o ds.Fourpatients were treated by the SBRT technique using a linear accelerator
under the control of the C-RAD optical positioning system. The linear accelerator carried out
irradiation using the VMAT technique as soon as the amplitude of the patient's breath fell
within the predetermined gap of +1 mm.
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Results. The use of the Deep-inspiration breath-hold (DIBH) treatment method made
it possible to abandon the use of additional volumes of irradiation, which reduced the dose
load on healthy tissues.

Conclusions. Lung SBRT in DIBH with C-RAD optical system proved reproducibility
of the position with a very small gap, which made it possible to abandon additional
treatment volumes (ITV) and reduce the lung dose.

Keywords: deep-inspiration breath-hold, Lung stereotactic body radiotherapy.

AsTop B. Mamuyp 3asBisie mpo BigcyTHICTh KOHQIIKTY iHTepeciB. CrioHcopH He Opamu ydacTi B pO3poOIIeHHI
JIOCITDKEHHST; y 300pi, aHaITi31 UM iHTeprpeTarii JaHNX; y HallMCaHHI PYKOIICY; B PIllIeHH] PO MMy OIiKaLiio pe3y/bTaTiB.

The author V. Mamchur declares no conflicts of interest. The funders had no role in the design of the study; in
the collection, analyses or interpretation of data; in the writing of the manuscript; in the decision to publish the
results.

152 Bunyck 1



MeauyHa ¢izuka - cydacHU# cTaH, Npo6JieMH, HUISIXU po3BUTKY. HoBiTHI TexHoJ1OTii

YJK 616-001.28:616.12-008.313]-089.819.1
DOI: https://doi.org/10.17721/3041-1491/2024.11-19

€sreH [IEPEINEKA, x-p ¢inocodii, nposia. HaykK. cniBpo6.

ORCID ID: 0000-0001-9755-8825

e-mail: eugeneperepeka@gmail.com

Jep>kaBHa ycTaHoBa "HanioHa/ibHUI iHCTUTYT cepLieBO-CyAUHHOI Xipypril
imeni M.M. AMocoBa HAMH Ykpainun", KuiB, Ykpaina

Mapuna CUYUK, KaHA,. TeXH. HAYK, A 0L,

ORCID ID: 0000-0003-0145-4744

e-mail: sychykmm@gmail.com

JepxaBHa ycTaHoBa "HanioHaibHuMIl iHCTUTYT ceplieBO-CyAUHHOI Xipyprii
imeni M.M. AMocoBa HAMH Ykpainun", KuiB, YkpaiHa,

HanioHa/bHUI TexXHiYHMI YHiBepcuTeT YKpaiHu

"KuiBcbkuil nosiitexHivHui iHCTUTYT iMeHi Irops Cikopcbkoro”

Bopuc KPABYYK, kanj. meJ. HayK

ORCID ID: 0000-0002-4535-7797

e-mail: boryslink@gmail.com

JepxaBHa ycraHoBa "HanjioHaabHMI IHCTUTYT cepLieBoO-CyMHHOI Xipyprii
imeni M.M. AmocoBa HAMH Ykpaiuu", KuiB, YkpaiHa,

E®EKTUBHE 3MEHILIEHHSA PAJIALIIITHOTO ONTPOMIHEHHS
M1/ YAC KATETEPHUX ITPOLIEAYP 3A IOTIOMOT'0I0 ONITUMI3ALIIT
HABITALIMTHOI CHCTEMHM EJIEKTPO-AHATOMIYHOI'O KAPTYBAHHA
TA IPOTOKOJIY BAKOHAHHA OMEPALLII 130J11111i IETEHEBUX BEH

BcTtyn. I30aayis s1eceHesux eeH 3a donomozoro padiouacmomuoi a6asayii (P4A) e
HailinowupeHiwum MemodoM KamemepHoz2o JjaiKysauHs ¢ibpuaayii nepedcepdv (PII).
Eaekmpodbizionozu ece 6Ginvwe 30cepedincylomvbess Ha memodax, sKi 00380.15110mb
3MeHWuUmMu 8UKOPUCMAHHSA PeHM2eHI8CbK020 KOHMPO.110 Nid Yac kamemepHux npoyeoyp
Yyepe3 MOoXHCAUBI pU3UKU IOHI3Y104020 ONpOMIHEHHS 015 nayieHmie i Medu4Ho20 nepcoHay.

MeToau. 3acmocogaHo oyiHIO8aAHHA ehekmueHocmi ma 6Ge3neku KamemepHOi
padioyacmomuoi a6asayii daa i304sYii 1e2eHe8ux 8eH 3 MIiHIMI3ayiel0 peHMzeHi8CbK020
onpomiHeHHs1 3a donomozolo onmumizayii HagizayiliHoi cucmemu es1eKmpo-aHaMoOMiuHO20
KapmyeaHHs ma npomokKo.1y onepayii.

Pe3syabTaTu. Jaa docaidzicenus 6ya0 suéparo 43 nayienmu 3 PI1. Ycim nayienmam
eukoHaHo kamemepHy PYA I/IB 3 akyeHmom Ha 3MeHUWeHHs1 peHM2eHi8CbK020 ONPOMIHEHHS 8
AY "HICCX im. M.M. Amocoea HAMH Ykpainu" 6id uepeHs 2023 poky do keimts 2024 poky. Y ecix
43 nayienmie edas10c¢A ycniwlHO e1eKMPUYHO i3011086amu 8ci 8eHU. BukopucmaHHs memodie
MiHimMi3ayii peHmzeHiecbKk020 onpomMiHeHHs1 npuees10 d0 3HAYHO20 3MeHUWEeHHsl 3a2a/16H020
doGymky do3u Ha niowy ([A111), 3aza1bHoi do3u onpoMiHEeHHs, 4acy 6UKOPUCMAHHS peHM2eHd
ma mpueasiocmi npoyedypu nopieHsiHo 3 mpaduyitiHumu nioxodamu.

BUCHOBKHU. BukopucmaHHs cyvyacHux HasizayiliHux cucmem 048 MmiHimizayii
peHmzeHi8cbK020 onpoMiHeHHs nid yac kamemepHoi padioyacmomHoi a6aayii izoaayii
Jle2eHe8UX 8eH He Npu3800ums 00 nideuweHHs pu3uKy iHmpanpoyedypHux ycK/1adHeHb Y
nayienmie 3 napokcu3zmMaJ/ibHO0 ma nepcucmyioqoio hipuisyieio nepedcepas. Leii nidxid
00360/151€ 3HAYHO 3MeHWUmMu 3a2aabHuili 0oGymok do3su Ha naowy (AJAI) ma do3y
onpomiHeHHs, He 36i/1bWyl04uU npu yboMy mpueasicme npoyedypu LJ/IB.

KnwuyoBi cJioBa: Hagizayilina cucmema enekmpo-aHAMOMI4YHO20 KApPMyG8aHHs,
KamemepHa padioyacmomHa a64Ayis, mpaHccenmaabHa nNyHKYisa, pibpuirayia
nepedcepds, mpusasiicms peHm2eHoCcKonii.

© Ilepeneka €sreH, Cuyuk Mapuna, KpaBuyk Bopuc, 2024
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Beryn

Oiopumsanis nepencepas (PII) € oxHiero 3 HAWOLTBII MOMUPEHUX APUTMIiH cepen
HAceJeHHsI W acOUilOETbCS 3 MIABHIICHUM PHU3UKOM iHCYJBTY, CEpIEBOi
HEJIOCTAaTHOCTI, 30UTBIICHHSIM IOKa3HUKIB CMEPTHOCTI Ta MOTIPUICHHSM SKOCTI
xutts (Lippi, Sanchis-Gomar, & Cervellin, 2021, p. 217-221). PauniouacrotHa
karerepHa abmsis (PYA) i3omsauii nereneBux BeH (IJIB) € BaxJMBUM acrieKToM
KaTeTepHoro JiKkyBaHHs  (iOpwisanii  mepencepab, MO HE  MiAAA€ThCA
MeankaMeHTo3Hi Tepamii (Tzeis et al., 2024, p. 43; Joglar et al., 2024, p. 156).
[Iporenypa mependavae BUKOPUCTAHHS PEHTTEHIBCHKOTO OINPOMIHEHHS, SKE Ha
MEBHUX eTanax HeoOXiJHe JJis Hapiramii Ta Bi3yasizamii BHYTPIIIHHOCEPIIEBHX
crpykryp. Enexrpodizionoriuna cninkHOTa Bee OUble yBaru MpHALISIE METOAAM,
IO J03BOJISIIOTh 3MEHIMTH BUKOPUCTAaHHS PEHTI'eHIBCHKOI Bidyamizamii mix uac
KaTeTepHuX BTpy4ans (Preda et al., 2024, p. 182).

HemogaBHi  qoCiaikeHHs BKa3ylOTh Ha HETaTUBHI HACHIAKM  BIUTUBY
10HI3YFOUOT'0 BHUITPOMIHIOBAaHHS, /IO SIKUX HAJICKUTH IMIJABHINCHUN PU3UK PO3BUTKY
OHKOJIIOTIYHUX 3aXBOPIOBaHb, YPaKeHb HIKIPH 1 HaBiTh KatapakTH. CTaHIAPTHUMH
METO/IaMU 3aXHCTy € BUKOPHCTaHHs 3aXMCHUX Oap'epiB, CBHHIEBHX (apTyxiB i
KOMipiB [ytst muTonoAioHoi 3amo3u (Sommer et al., 2023, p. 191). 3Baxkaroun Ha Iii
PHU3UKH, B eNeKTPO(Di310IOrIIHNX JTa00paTopisax Aedali Oublle yBard NpUAUISIOTh
npunnunam ALARA (As Low As Reasonably Achievable — "SIkomora menmie ta
norineHo") (Gutierrez-Barrios et al.,, 2022, p.1-12). IumnoBaiii B cucTeMax
HaBiramii, ski He MOTPeOYIOTh 10HI3YIOUOrO BHUIIPOMIHIOBAHHS, IEMOHCTPYIOTH
TIEPCTICKTUBH Yy CKOPOUCHHI Yacy BUKOPUCTAHHS (QIIFoopockortii. Taki TeXHOJIOorii, SK
CIIEKTPOAHATOMIYHE KapTyBaHHS, O3BOJIAIOTH 3D-Bizyamizallito KapaiaTbHHUX
CTPYKTYyp 0€3 BUKOPHCTaHHS PEHTTEHIBCHKHUX MPOMEHIB, IO HE TUIBKH ITiABUIIYE
TOYHICTh TIPOIEHYPH, ajieé ¥ 3HAYHO 3MCEHINYE dYac BIUIMBY 10HI3YIOUOTO
sumnpomintoBans (Ali et al., 2021, p. 97-102). BaxxaiBuM € TaKOX BIPOBAKEHHS
BHYTPIIIHBO-CEPIIEBOi exokapaiorpadii, ska BiAirpae KIOYOBY pOib Y 3MEHIIEHH]
BHUKOPHUCTAHHS (IIFOOPOCKOITIT Ha BUKOHAHHS TpaHccenTanbHoi myHkiii (Hang et al.,
2021, p.556-574). IlocrifiHuii PO3BUTOK TEXHOJIOIIH 1 METOMIB B EIIEKTp-
o(izionoriayHNX MabOpaTOPiAX CBIMYUTH MPO 3MIHY ITiIXOAIB 10 OE3MEeYHImIoro Ta
eQeKTUBHINIOTO IiKyBaHHA apuTMmiil. J[lma emekrpodizionoriaHoi CHiTBHOTH
HAJA3BUYAHO B@XJIMBO MPOJIOBXKYBAaTH BIPOBAKEHHS IMX IHHOBaLid Ta
BIIOCKOHAIOBATH IHTPANPOLEAYPHI TPOTOKONH, MO0 MiABHIMUTH Oe3MeKy SK st
MAIIEATIB, TaK 1 JJI METUIHOTO ITEPCOHAIY.

Mema Haykogo-npakmuyHoi, KIiHiYHOI poOomu TIONSATaE B  OIIHIOBAaHHI
eeKTUBHOCTI Ta OE3MeKN KATeTepHOi paaiodacToTHOI aOmsmii it i3omsmii
nereHeBux BeH (1JIB) 3 MiHIMI3aIli€t0 pEHTTEHIBCHKOTO OMIPOMIHEHHS 32 JOIOMOTOF0
ONTUMIi3allii HaBITamiifHOI CHUCTEMH EIEeKTPO-aHATOMIYHOI'O KapTyBaHHA Ta
MPOLIESYPHOT0 MIPOTOKOIY Omepariii.

Metonun

Buébipka 0ocnioxcysanux nayienmie. Y TOCTIIDKEHHI B3SIH y4acTh 43 TaIlieHTH
3 pizHuMH popmamu GiOpuIIALii nepencepab. Y ciM NalieHTaM BUKOHAHO KaTeTepHY
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pazaiodacToTHy abisiito i3omsiii nereeBux BeH y 1Y "HICCX im. M. M. AMocoBa
HAMH Vxkpainn" i3 uepBHsi 2023 poky mo kBiteHb 2024 poky. llpu mpomy
3aCTOCOBYBAJIMCS 3aXOAM JIIsl MiHIMi3allii PEHTreHiBChbKOro omnpomiHeHHs. [li
3aX0AM BKJIIOYAIW BHKOPUCTAHHS ONTHMI30BaHOI'O MPOTOKONY PEHTIEHIBCHKOTO
ONPOMIHEHHS, IO IepeadayaB 3MEHIICHHS KUIBKOCTI KaJapiB 3a CEKyHIy Ta
BHKOPHCTaHHS KOJIMAIlifHUX paMOK. TakoK, HACKUIbKU 1€ OYyJlOo JOIIBHO Ta
Oe3revHo Isl TAali€HTIB, 3aCTOCOBYBAJIACS JIMIIE €IEKTPOAHATOMIUHA HaBirarlis
MICIIsl TPOBEICHHS TPAHCCETITAIBHOI TYHKITI1.

Ilpouedypa abaayii. Yci BTpy4aHHs JUIsl TIAIIEHTIB 3 JTOCIIKYyBaHOI BUOIpKU
MIPOBOIMB OJIMH 1 TOW cammii orepaTop-Xipypr. Ilicist BUKOHaHHS TpaHCCENTaTbHOL
MYHKIIT il PEHTTEHOKOHTPACTHUM KOHTpoJieM (puc. la) uis Beix marieHTiB Oyna
crBopeHa 3D-anaToMiuHa MOJENb JIBOTO IEpeAceplis Ta JIeTeHeBUX BeH. byno
TaKOXX MOOYZOBAaHO BOJBTaXKHY KapTy JIBOTO Iepencep/s Ta JISreHEeBUX BEH IS
OLIIHIOBaHHS CTyreHs1 (iOpoTuyHOro pemonentoBanus (puc. 10). Ilpouenypa
i3omsrii sereneBux BeH (IJIB) mpoBomwiacs 3rilHO 3 MPOTOKOJIOM ''BHCOKa
MOTY>KHICTh — KOPOTKA TPUBAIICTE' ISl PaiOYaCTOTHUX arnrikailii. [IoTyXHICTb i
TPUBANICTh AIUTIKAIIKM Ha MEpeaHiil CTiHI JiBoro nepeacepas craHopuwind 70 B i
7 ¢, BIINOBIZHO, a Ha 3IHIN CTIHII TpUBATICTH Oyna 5 ¢ TIpU TaKill ke MOTYKHOCTI
(puc. 1a). [3omsIifo JlereHeBUX BEH MiATBEP/HKYBAIN 3a JOMOMOTOK 3HUKHEHHS
XapaKTepHHX MMOTEHIIIATIB Y JIereHeBUX BeH (0JIoKaia BXO/y), a TAKOXK OJIOKYBaHHSI
SNEKTPUIHUX IMITYJIbCIB, IO BUXOJIATH 3 JIETCHEBOT BEHH MPH CTUMYJIALIIT 3 BUCOKOIO
amrutitymoro (15-20 MA/1 mc) abo 3a HasBHOCTI 130JIbOBAaHUX IIOTEHIIATIB Y
JIETCHEBUX BeHaX 0e3 BUXOMyY B JIiBe mepencepas (puc. 1B).

B
Puc. 1. MoMeHT TpaHCcCeNTAJBHOI MYHKIIT il pEHTT€HOKOHTPACTHUM KOHTPOJIeM (a);
3D anaToMivHa i BOJIbTaKHA KapTa JiBOI0 Nepescepas Ta JiereHeBUX BeH
(kapTyBaHHSH 10 eTamy a6Jsimii).

Benuki KyJbKH — TOYKH PagioyacTOTHUX allikauiil npu Bukonauui LJIB (0);
KpuTepii eJleKTPUYHOI i30/1511ii TereHeBoi BeHH: MOMEHT 3HUKHEHHS MOTEHIiaIiB
y JlereHeBHX BeHaX — HAaCTaHHA ''0Jokaau Bxoay' immyuascy B JIB (B)

[Ticns yenimHoi enekTpuyHO1 1305151111 JIereHeBUX BEH MOYMHABCS KOHTPOJIbHUN
nepion, mo Tpusas 20 xB. [IpoTsrom 11p0ro yacy nepeipsiv HassBHICTb IIOBTOPHOT'O
SNIEKTPUYHOTO 3'€IHAHHS MK JIBUM IepeacepasM 1 JIereHeBUMHU BeHaMHu. SIKIIo
BUSIBIISUIOCS TIOBTOPHE 3'€IHAHHS, MPOBOAMJIM TOBTOPHY i130JLII0 Ti€l BEHH, A€
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BoHO Oyno 3adikcoBane. [licns ycnimHoi i30511iT BCiX JIETreHEBUX BEH Yy MAIIEHTIB
3 TUIOBUM TPIMOTIHHSAM TeEpeAcepab NPOBOAWIMA PaTiodacTOTHY aOismito
KaBOTPHUKYCIIIANbHOTO TEpellriika, Ska MOrjia BHKOHyBaTHca 3 abo 0e3
aHaTOMIYHO1 pekoHCTpYKLii 3D-aHaTomii mpaBoro nepencepas.

TI'pynu oocnioxycenns. Iliciast BAKOHaHHS TpaHCCENTAIBHOI MHKIIl Ta BBEICHHS
KaTeTepiB y JiBe Mepeaceps,y BCiX BUMAIKaX JOCTIHKyBaHOI BUOIpKU Oyna crpoda
MaKCHMAaJIbHO 3MEHIIINTH BUKOPHCTAHHS PEHTTEHIBCHKOI Bi3yasli3allii, OpieHTYIOUHCh
MEpEBaKHO Ha EJIEKTPO-aHATOMIUHY HaBiramilo Ta JOTPUMYIOUHCH IPUHIIUITIB
ALARA (As Low As Reasonably Achievable — "SIkomora MeHIe Ta A0LiIBHO").
D100pOCKOMiI0 BUKOPHCTOBYBAJIH JIMIIE JUTS TMEPIOJJMYHOTO KOHTPOJIO MTOJIOKEHHS
SIIEKTPO/Ia 1010 IHTPOFOCEPa, PO3TAIIlYBAHHS IHTPOAOCEPA B JIIBOMY Iepeicepi Ta
y BHIAJKaX, KOJIM KareTep HE BJABAJIOCS PO3MICTUTH y OaxaHii mo3umii 3a
JIOTIOMOT'OF0 HaBiramiiHoi cucremu. Tako 3a HEOOXiJHOCTI MPOBOAMIA KOHTPOJIb
KOHTYPIB ceplis /UTsl BUSIBIICHHS O3HAK reMoneprukapaa. Ha ocHOBI mepimx mpotenyp,
MiJi 4ac sSKUX pOOHMIM CIpoOM MiHIMI3aIil PEHTreHIBCHKOrO ONMpPOMIHEHHS, OynH
MPOCTIEKTUBHO BUJIIJIEH] TPH TPYITH TAI[IEHTIB (32 YMOBH JIOCTATHBOI iX KUTHKOCTI), SIKI
OyJIM MiIaH1 CTATUCTUYHOMY aHaITi3y Ta MOPiBHIHHIO (Tabu. 1):

e rpyna A, a6o "Zero-fluoro” [n =16 (37 %)], BKIOYaia MAI[€HTIB, Y SKHX
BJIAJIOCS] MIHIMI3yBaTH BUKOPHCTaHHS PEHTI'CHIBCHKOI'O OMPOMIHEHHS Ta JIOCSATTH
Iy’)Ke HU3bKOT'0 PEHTTeH-4acy Ha eTari KapTyBaHHsI Ta 13071111 JIereHeBUX BEH, 110
cranoBuB MeHiie 0,5 XB;

e rpymna b, abo "Near Zero-fluoro” [n = 21 (43 %)], ckiaganacs i3 Naii€HTIB, y
SIKAX PEHTICH-4ac y JiBOMY Iepencepai konmuBases Bif 0,5 10 5 XB;

e rpyma B, a6o "Non Zero-fluoro™ [n = 6 (14 %)], Bki1t04asa MaIi€eHTis, y IKUX 3
PI3HMX TpPHYMH HE BIAJOCS 3HAYHO 3MEHIIMTH BHKOPHCTAHHS DPEHTIE€HIBCHKOI
Bi3yasizarlii, mepeBa)xHO depe3 aHaTOMIYHI OCOOIMBOCTI a00 MOCTiifHE 3MIIIeHHS
3D-kapTH J1iBOro epeacep s Ta JEreHEeBUX BEH, 1[0 BUMArajo IOCTIHHOIO PeHTICH-
KOHTPOITIO M1l 9aC MAHITYIAIIN 3 KaTeTepaMH.

Cmamucmuynuii aunaniz. beriepepBHI 3MiHHI TPEACTABISUINCI SK CEPEIHE
3HAYEHHSl + CTaHJApTHE BIIXWJICHHS, a KaTeropiiiHi 3MiHHI — y BimcoTtkax. Jlms
CTATHCTUYIHOI 0OPOOKH TAaHUX 3aCTOCOBYBAIH 5K ITAPaMETPUYHI, TaK 1 HEMapaMeTpuIHi
METOI¥ BapialliifHoi CTaTHCTUKK. HopManbHUIl po3nOAia MepeBipsu 3a JTOMOMOT OO
tecty [llamipo—Yinka. Y pasi HOpMaIbHOrO PO3NOILTY JUTS TIOPIBHSIHHS BapialliiHIX
paniB  BukopucropyBanmu t-rect Creromenta abo U-tect Manna—YiTHi, a mid
MOpIBHSHHA OlMbIIe HDK BOX TPyH 3actocoByBanmm Tect Kpackema—Yommica. s
JaHUX, 10 HE BIMOBIMAI HOPMAILHOMY PO3MOALTY, BUKOPHUCTOBYBAIH BiIIMOBIIHI
HerapamerpudHi Tectd. Kopekmito a1 MHOXHHHHX IIOPIBHSHB ITPOBOIMIIM 32
nonomMorord  Tecty boHdepponi. [nsd  TOpiBHAHHSA — KaTErOpiMHUX — 3MiHHHX
BHUKOPHCTOBYBAIIM TOYHUH KpuTepiit Pimepa abo tect y? [lipcona.

Pe3yabTaTtu

Y Bcix 43 mamieHTIB BAAJOCS EJIEKTPUYHO 130JIOBATH BCi JIETEHEBi BEHH.
Pentren-vac ais TpaHccenTalbHOI MYHKINIT HE Bipi3HsABCS Mk rpynamu A (“'Zero-
fluoro") i b ("Near Zero-fluoro™) (3,56 + 2,37 xB vs. 3,69 + 2,3 xB, p = 0,532), ane
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peHTreH-uac i i3omsuil sereneBux BeH y rpymi A (“"Zero-fluoro™) Oys 3nauno
MeHmMM TopiBHssHO 3 Tpymoro b ("Near Zero-fluoro”) (0,27 £0,13 xB vs.
1,96 + 1,21 xB, p < 0,001). 3aranpHuii yac nepeOyBaHHS B JIIBOMY Mepeacepai Mix
UMMM JIBOMa TpylnaMH CTaTHUCTHYHO He Bimpizaasca (81,33 +22,32xB  vs.
98,6 £ 29,83 xB, p =0,106) (Tabm. 1).

Tabnuya 1

InTpanpouenypni Bumipu yacy Bukonannsi PUA 1JIB, yacy BukopucTaHHA Ta 103M
PEHTreHOONPOMiHECHHSA

rpyna A rpyna b rpyna B
Mapamer "Zero- "Near Zero- | '""Non Zero- _value
P P fluoro" fluoro" fluoro" | 7
(n=16) (n=21) (n=6)
Pentren-uac 3arajanbHH, XB 447+272 | 731+5,41 | 3536+21 | <0,001
PeHTrgﬂ-qac Ha TpaHCCENTaJIbHY 3.56 4237 | 3.69+2.3 B 0,532
NYHKINO, XB
Penrtren-uac Ha 130JISI1[110 0274013 1,96+ 1,21 _ <0,001
JICTCHCBUX BCH, XB
morpneycramoro nepeunia | ° G190 | 8G8% || g
PHIyCITAaT P 1,64 1,63 | 4,34+5,04 :
TOIIO), 71 TIALIEHTIB, XB
3aranpHui 100yTOK 103 HA 7294516 | 15.8+18.23 107,67+ | _ 0,001
wiomy, I'p-cm2 97,59
3aranpHa J103a OIpoMiHeHHs, MI P 76,62 + 132,53 + 882,32 + 0.001
70,82 127,49 868,62 ’
TpuBanicts npouenypu, XB 112,81 138,06 + 167 £+ 0.014
30,16 33,44 43,53 ’
UYac y niBoMy mepeacepai, XB 81,33 98,6 + 29.83 B 0,106
22,32
IHTpaonepariiine nosropxe 6(37,5%) | 11(523%) | 4(66%) | 0,429
3'€JJHAHHS JIETEHEBUX BEH
PYA KTII 531,2%) | 7(33,3%) 3 (50 %) 0,696

Y rpymi B ("Non Zero-fluoro") penTren-dac mis TpaHCCENTANBHOI ITyHKIIII, Yac Ha
1JIB Ta gac mepeOyBaHHsI B JTiBOMY Tiepencepi He (DikCyBamcsi OKpeMO, — BpaxXOBYBAITH
JIUIIE 3araibHe OMPOMIHEHHS Ta Yac MPOBEISHHS MPOLIEAYPH, OCKUTHKH TEXHIYHO HE
BJIQJIOCS TOCSATTH 3HAYHOT'O 3MEHIIICHHSI PEHTT €HIBCHKOr0 HABAHTAKEHHSI.

Y rtpym A ("Zero-fluoro") JIJIl Tta 3arampHa 1032 OMpOMiHEHHS OyIn
HatimeHmuMHu (7,29 = 5,16 I'p-em? i 76,62 + 70,82 m['p, BimmoBimHO) i CyTTEBO
Bifipi3HsHcs Bix mokasHukiB y rpymi B ("Non Zero-fluoro™) (107,67 + 97,59 I'p-cm?
ta 882,32 +868,62mlp, p<0,001 ta p=0,001, BignoigHO). TpHBaIICTH
nporexypu B rpynax A ("Zero-fluoro") i b ("Near Zero-fluoro™) (112,81 + 30,16 xB
ta 138,06 £ 33,44 xB) Oyna wmenmow, Hix y rpymi B ("Non Zero-fluoro™)
(167 £ 43,53 xB), mpuuomy B rpymi A ("Zero-fluoro") BoHa Oyia IOCTOBIpHO
MeHIoto, Hix y rpymi B ("Non Zero-fluoro™) (p = 0,014) (ta6u. 1).
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3aranpHuii 100yToK 103U Ha muionty (L1, axer. DAP, Dose Area Product) Ta
3arajbHa Jio3a OnpoMiHeHHs (puc. 2) OyJu 3HaYHO MEHIIIMMH, KOJIM 3aCTOCOBYBaBCS
X1 MiHIMI3a1li] 10HI3YF04Or0o ONPOMiHEHHS.
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Puc. 2. Baranbumii JJII1 (a) i 3arajibHa 1032 onpomiHeHHsI 3a mpoueaypy (0)
Y TPbOX AOCHiTXKYBAHHUX Ipynax

Y KomHOMY 3 BHWIIAJKIB y JOCHI[KYBaHId BHOIpIli HE CHocTepiramxocs
IHTpaomepamifHuX yCKIagHeHb. Y Mipy HaKOMWYEHHS MaHuX OyB po3poOieHmid i
BIIPOBA/IXKCHUH BJIOCKOHAJIEHUI MIPOTOKOJ BUKOPUCTAHHS PEHTI€HOCKOIIi Hix Jac
BukoHaHHS PUA 1JIB. Ileit nporokon nepexbayas:

e 3MEHIIIEHHS YacTOTH KaJpiB 3 5 70 3 fps Ta 3acTocyBaHHS KONIMALIHAX PaMOK,
OKpIM OCHOBHOT'O Opi€HTYBaHHS Ha 3D-aHATOMIYHY HaBITaIlif0, IEMOHCTPYE MO3UTUBHI
KJTHIYHI pe3yJIbTaTH B 3MEHIIIEHH] Yacy Ta 03K PEHTT€HIBCHKOTO OIPOMIHEHHST,

® OCHOBHE PEHTICHIBCbKE HABAaHTAKEHHS 30CEpePKEHE Ha  MPOBEICHHI
TpaHCCeNTaLHOI TYHKIii. BukoprucTaHHS BHYTpIIIHBOCEpIEBOI exokapmiorpadii
JIO3BOJISIE TIPOBECTH TIeH eTart 6e3 200 3 MiHIMATEHIM 10HI3YIOYNM BUTIPOMIHFOBaHHSIM.
JliBomepencepHMiA eTarr, BKIFOYAOUH KapTyBaHHs JiiBoro repenceps Ta 1JIB, Takox
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nepeadayae CBiIOMY MIHIMI3allil0 PEHTTEHOCKOMIi, JOTPUMYIOUNCH HNPHHIHIIIB
ALARA, mo 3a0e3nedye mpiopuTeT Oe3neKu sl MaLi€HTiB;

o y koutponbHiii Tpymi B ("Non Zero-fluoro™) we BaaeThcs 3meHIIUTH
PEHTTEHIBChKE OIPOMIHEHHS Yepe3 aHaTOMIYHI OCOOJIMBOCTI TMAII€HTIB, SIKi
BHMAararTh PEHTTCHOKOHTPOJIIO IMiJi Yac MaHINmyJsIii katerepamu abo uepes
mocTiliHe 3MitieHHs 3D-kapTu JIiBOro nepeacep/s Ta JereHeBux BeH. Lle 3MireHHs
BUKJIMKAaHE TIMOOKHUM JIUXAaHHSM marieHTa. i MamieHTiB 3 BEIHMKUM 1HIECKCOM
MacH TiJla Ta HEKOHTPOJHOBAHMM JMXAHHSM JOUUIBHO PO3MIISIATH MOXKIHMBICTH
3acTOCYBaHHS OUTBII TIMOOKOI cenmaiii abo HaBiTh IHTYOAaIMHOrO HApPKO3Y, IO
MOT'JIO O 3MEHIIUTH MOTPEe0Y B PEHTI€HOCKOII1.

Juckycis i BUCHOBKH

VY mporeci HOCHiPKEHHST BAATOCS JOCSITTH 3a3/I0BUIBHUX PE3yJbTaTiB: MOBHOL
SNEeKTPUYHOI 130JIA1111 BCIX BEH y BCiX MAlli€HTIB, 06€3 1HTpa- Ta micisonepariinnx
YCKJIa/IHeHb, a TAKOXK MIHIMI3allil pEHTTeHIBCHKOTI'0 ONPOMIHEHHS y 86 % BUMaIkax.

3MEHIIIEHHST BUKOPUCTAHHS PEHTTEHIBCHKOTO ONPOMIHEHHS 32 JIOMIOMOTOI0
CyJacCHHMX HaBIrallifHUX CHUCTEM Il 4Yac KaTeTepHOi paaio4acTOTHOI a0l
130111111 JIEreHEBUX BEH HE BeJie JI0 30UTbIICHHSI iHTpaonepallifHuX yCKIaHEeHb Y
MAIiEHTIB 3 TAPOKCU3MAJIBHOI Ta MEePCUCTYI0UO0 (Hiopuisiiero nepeacepanb. e
MiX11 J03BOJSIE CYTTEBO 3HM3MTH 3aralibHUN JOOYTOK JIO3M HA IUIONIY Ta JIO3Y
OIPOMIHEHHSI, HE MOJIOBXKYIOYH Yac IPOBEIACHHS POIETYPH.

Buecok aBrtopiB: €Bren I[lepemeka — KOHIENTYyati3alis, METONONOrIS, Balijalis IaHUX,
HAIHCAHHS — OPUTiHAIbHA YePHETKa, TOCIIDKEHHS — BUKOHAHHS omnepalil, Xipypr; Mapuxa Cruuk —
nporpamHe 3a0e3nedeHHs], Bizyasizalis, popMalbHUN aHai3, HAIMCAHHS — OPHTiHAJIbHA YepHETKa,
JOCTIDKEHHSI — BUKOHAHHS Omepallii, acHCTeHT, MeaAndHHil imkeHep; bopuc KpaBuyk — kepyBaHHs
[IPOCKTOM, HAIHCAHHS — OPUTiHAIbHA YePHETKA, JOCIIDKEHHs —BUKOHAHHS OMepaltii, Xipypr.

Monsikn, mxepesia pinancyBannsi. Podora BHKOHAHA Ha OCHOBI aHaji3y KIiHIYHOI [isUTBHOCTI
€JIeKTpOQi3ioNOriuHoro MiAPO3ALTYy BiIIUICHHS JIKyBaHHS apUTMiil 3 pEHTreH-onepauiiHo0
HepxaBHoi ycranoBu '"HalioHanbHHI iHCTUTYT CepLEBO-CYAMHHOI Xipyprii imeHi M. M. AmocoBa
HAMH Vkpainu". Baromuii BHECOK y Iie akTyalbHE MPAKTUYHE JOCITIDKEHHS OO0 3MEHIICHHS
10HI3yI0UOro BIUIMBY Ha MALIIEHTA 1 IEPCOHAN 3pO0KB BeCh MEIUYHHUIA KOJICKTUB BiJUIIICHHS — XipyprH,
aHeCTe3i0Jory, ONepaLiifHi CcecTpW, MeAWYHI IH)KCHepH, KapIioJiorH, sKi IPOSBISIOTHh
npogecioHali3M, eHTy3ia3M, HAaIlOJICTJIUBICTh I BATPUMKY Y CBOii poOOTi.
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EFFECTIVE REDUCTION OF RADIATION EXPOSURE DURING
CATHETER PROCEDURES THROUGH OPTIMIZATION
OF THE ELECTROANATOMICAL MAPPING NAVIGATION SYSTEM
AND PULMONARY VEIN ISOLATION PROCEDURE PROTOCOL

Introduction. Pulmonary vein isolation (PVI) through radiofrequency ablation
(RFA) is the most common method of catheter-based treatment for atrial fibrillation (AF).
Electrophysiologists are increasingly focusing on techniques that reduce the use of X-ray
guidance during catheter procedures due to the potential risks of ionizing radiation to
patients and medical staff.

M e th ods. Theaim ofthis scientific and clinical study is to assess the effectiveness and
safety of catheter-based radiofrequency ablation for pulmonary vein isolation (PVI) while
minimizing X-ray exposure through optimization of the electroanatomical mapping
navigation system and procedural protocol.

Results. The study included 43 patients with different forms of atrial fibrillation. All
patients underwent catheter-based radiofrequency ablation for pulmonary vein isolation
(PVI) with a focus on reducing X-ray exposure at the M.M. Amosov National Institute of
Cardiovascular Surgery from June 2023 to April 2024. To achieve this, an optimized X-ray
exposure protocol was used during phases requiring X-ray guidance, and predominantly
electroanatomical navigation was employed after transseptal puncture. In all 43 patients,
electrical isolation of all veins was successfully achieved. The use of methods to minimize X-
ray exposure resulted in a significant reduction in the total dose area product (DAP), total
radiation dose, X-ray usage time, and procedure duration compared to traditional
approaches. The DAP and total radiation dose in Group A ("Zero-fluoro”) were the lowest
(7.29 # 5.16 Gy-cm? and 76.62 + 70.82 mGy) and significantly differed from those in Group B
("Non Zero-fluoro") (107.67 +97.59 Gy:cm? (p<0.001) and 882.32 *868.62 mGy
(p = 0.001)). Procedure duration was shorter in Groups A ("Zero-fluoro”) and b ("Near Zero-
fluoro”) (112.81 + 30.16 minutes and 138.06 + 33.44 minutes) compared to Group B ("Non
Zero-fluoro”) (167 + 43.53 minutes), with Group A ("Zero-fluoro") having a significantly
shorter duration compared to Group B ("Non Zero-fluoro"”) (p = 0.014). No intraoperative
complications were recorded in the sample.
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Conclusions. The use of advanced navigation systems to minimize X-ray exposure
during catheter-based radiofrequency ablation for pulmonary vein isolation does not
increase the risk of intraprocedural complications in patients with paroxysmal or persistent
atrial fibrillation. This approach allows for a significant reduction in the total dose area
product (DAP) and radiation dose without increasing the duration of the PVI procedure.

Keywords: electroanatomical mapping navigation system, catheter radiofrequency
ablation, transseptal puncture, atrial fibrillation, fluoroscopy duration.

Astopu €. [Tepenexa, M. Cuurik Ta Bopric KpaBuyk 3asBIIsH0TE IO BiCyTHICTb KOHGUIKTY iHTepeciB. ClioHCOpH He
Opaym yyacTi B po3po0JIeHH] JOCIIPKEHHS; Y 300pi, aHasli3i Yd iHTepIpeTalil JaH!X; Y HallMCaHHI PYKOITHCY; B PillleHHI
TIPO IMyOTKALIIO pe3yIbTaTiB.

The authors E. Perepeka, M. Sychyk and B. Kravchuk declare no conflicts of interest. The funders had no role
in the design of the study; in the collection, analyses or interpretation of data; in the writing of the manuscript; in
the decision to publish the results.
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USE OF NEEDLES IN IRRADIATION OF GYNECOLOGICAL TUMORS

Introduction. Methods of irradiation of cervical cancer and other localizations in
gynecology are constantly being improved. This is especially true for brachytherapy.

Methods. New applicators are being created, new types of normalization are being
introduced, irradiation zones are identified, to which it is recommended to apply different
doses of irradiation, recommendations for irradiation of critical organs are changing, and
priorities are being set in the irradiation process.

Results. If more modern applicators are unavailable, additional introduction of
needles freehand solves the problem of better irradiation of the pathological area.

Conclusions. It is important to note that in some cases, such as vaginal scar
recurrence, vulvar cancer, primary and secondary vaginal lesions, and rectal cancer with
vaginal invasion, external beam radiotherapy is not effective. In such cases, intratissue
brachytherapy using needles plays a key role in providing local control and improving
treatment outcomes. Thus, the use of needles in brachytherapy is critical to achieving
therapeutic goals and improving patients’ quality of life.

Keywords: brachytherapy, intratissue irradiation, gynecological cancer.

Introduction

From the very first day of the history of brachytherapy in irradiation of
gynecological tumors, there has been a problem of high-quality irradiation of the tumor
without damaging the bladder, urethra, rectum and sigmoid colon. In advanced stages,
Fletcher applicators do not cope with the task at hand, and the parametrium and
peripheral areas of the tumor suffer especially from insufficient irradiation.

Strict guidelines that place restrictions on irradiation of critical organs tie the
hands of planning. This problem is usually solved by additional insertion of needles
into the cervix or parametrium.

Methods

The procedure is performed manually free hand or with the help of special applicators

such as Venice. This applicator is usually used at high stages of the disease, regardless
© Kozak Oksana, Fedorenko Hanna, Romanenko Serhiy, Rodak Oksana, 2024

ISSN 3041-1491 (Print) 163



PaaianiiiHuii 3axucTt

of the size and shape of the tumor. Planning is based on MRI and is standardized not by
the point, but by the volume of the lesion (Hiher-Meder et al., 2024). A high-risk zone
and an average-risk zone are distinguished. In these cases, uneven distribution is
effective and different doses are delivered to different areas of the lesion.

On average, the cervix is 4 cm long and needles are inserted through the guide holes
in the ovoid's to the same length. We do not have such applicators in stock, we insert
needles manually. Each needle changes the distribution and plays its own special role in
the distribution of the dose. Usually the length to which the needle is inserted is 2—4 cm,
depending on the anatomical features of the patient. Needles usually make it possible to
cover the entire process with a standard is dose, adhering to the recommendations.

If, when introducing the Fletcher applicator, normalization is carried out on a
fixed point, then the introduction of needles makes it possible to normalize on the
tumor volume based on MRI after external radiation therapy. As far as other
localizations is concerned, with rare exceptions, it is impossible to cope with
recurrences using external radiotherapy. This applies to recurrences along the
vaginal scar, vulvar cancer, primary and secondary lesions of the vagina, rectal
cancer with invasion into the vagina (Schmid et al., 2020).

Some tumor locations cannot be stabilized at all without the use of brachytherapy,
in which uneven distribution plays a key role. It is always necessary to use high
isodoses in distribution. When used correctly, this helps in achieving the goal. Let
us give some examples from our experience (Figs. 1-3).

Fig. 1. Patient F. Lesion of 1/3 of the vagina, initial tumor growth
into the bladder and rectum.
After distant radiation therapy 46 Gy

When introducing needles, only the area of residual tumor is taken into account
in the dose distribution, either after external beam radiation therapy or independently
in case of relapses. We actively use needles not only for gynecological tumors, but
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also for squamous cell carcinoma of the lip, non-melanoma skin lesions, and for
irradiation of pathological lymph nodes.

Fig. 2. Patient D. Vulvar carcinoma.
After external beam radiation therapy 46 Gy (left)

Fig. 3. Patient H. Recurrence of rectal cancer (left) after surgery
and external beam radiation therapy.
Invasion into the lower wall of the vagina

Results

The use of needles in interstitial brachytherapy, both independently and in
conjunction with standard applicators, represents a critically important method for
optimizing dose distribution in the treatment of gynecological tumors. This approach
enables more precise targeting of radiation to the residual tumor zone, which is
particularly crucial following external beam radiation therapy or in cases of recurrence.
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The future of brachytherapy bases in intra-tissue techniques. More and more
localizations, the tumors of which are insensitive to standard fractionation of 2-3 Gy,
are successfully treated with the help of flexible applicators or needles (plastic or
iron). This is especially true for relapses and metastatic lesions. In case of
gynecological tumors, it is impossible to stabilize the disease without internal tissue
procedures. Again, vaginal lesions, scar recurrences, primary and recurrent vulvar
tumors, etc., can be eradicated only with the use of needle insertion.

Due to restrictions on critical organs in their dose distribution, Fletcher
applicators cannot fully cover the lesion area,which causes relapses. It should be
mentioned that, in addition to gynecological organs, brachytherapy is extremely
effective for tumors of the lower ampullary region of the rectum, recurrences of the
rectosigmoid region, head and neck tumors.

Dose distribution and selection of total dose and dose per fraction. This is a very
difficult problem because the total dose and doses per fraction are very different
when using iron needles and flexible applicators. The introduction of needles makes
it possible to increase the dose per fraction.

Recalculation of EQD2 can provide guidance, but in case of relapses, in fact,
both the dose distribution and dose value are based on experience, teaching and past
errors. In brachytherapy, the choice of normalization points or PTV is crucial.
A large role is played by the volume of irradiation, which is not included in the
modern radiobiological model, but it appears in the limiting criteria of the load on
critical organs. With experience, a certain and it could be said peculiar concept is
created. It develops over time and keeps improving.

I would like to say a few words about the effect of dose rate on the outcome of
brachytherapy treatment of hon-gynecological tumors. Often in our practice we use
boluses to be able to regulate the dose at a greater depth without damaging the skin.
We noticed that even a small change in power affects the time of the radiation
reaction and the speed of healing of the irradiated lesion.

Healing occurs significantly faster and it is possible to treat deeper tumors of
both endophytic and exophytic plans, despite the fact that most exophytic tumors
require the introduction of applicators. It is difficult to say what affects to a greater
extent, the exposure time or the imperceptible for measurements quality of exposure.

Discussion and conclusions

Employing needles allows for comprehensive coverage of the entire process with
a standard is dose, thereby enhancing control over the tumor process and minimizing
impact on surrounding healthy tissues. This is significantly beneficial for improving
treatment effectiveness and enhancing patients' quality of life.

Further research and refinement of needle insertion techniques in brachytherapy
will contribute to the development of standardized protocols, thereby enhancing the
precision and effectiveness of treatment. This, in turn, will improve therapy
outcomes and facilitate more successful management of tumor processes in
oncological practice.
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BUKOPHUCTAHHA I'OJIOK
AJ14 ONPOMIHEHHA I'NHEKOJIOTTYHUX ITYX/IMH

BcTyn. BukopucmaHHs 20/10K y 6HympillHe0MKAHUHHIll 6paximepanii € saxcaueum
MemodomM 0415 AIKYy8aHHAA 2IHEeK0/102IYHUX nNyX/AuH, 0c06/AUB0 Ha Ni3HIX cmadisx
3aX80PI0OBAHHSL.

MeTo au. Ilpoyedypa moiice 6UKOHy8amucs 8py4Hy a6o 3a donomozo010 cneyia1bHux
ansaikamopis, makux sik Venice, o 0do380.151€ apaxogyeamu iHdugidyaabHi aHamMoMi4Hi
oco6ausocmi nayienmie i 3a6e3neuyye 8UCOKYy movHicmb e8edeHHs padiayiliHoi do3u.
IlnaHyeaHnHs niKyeaHHs 6a3yembcesi Ha MPT i cmandapmu3yemubesl 3a 06'€eMOM ypaxceHHs,
wo 00380.151€ ediekKmueHo po3nodijiamu pi3Hi 003u o pi3HUX JiNAHOK NYXAUHU.
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PesyabTaTu. BidcymHicme cneyianbHux anaikamopie KOMNEHCYyEMbCS pyYHUM
88edeHHAM 20/10K, sIKe, Xo4ua i eumazae sucokoi keanigikayii meduyHoz2o nepcoHasy,
3aquwaemscs edhekmueHumM mMemodoM. I'osaku 3azeuyail cmaenslomsvcs HA 2AUGUHY
2-4 cm i do380/1510Mb 0XoNuMu 8ecb npoyec cMaHAapmHoio 30003010, AoMpuUMyIO4UCL
pekomeHdayiii. lle 3a6e3neuye Modcaugicms Hopmaaizayii 06'emy nyxauHu nicas
308HIWHbLOI NpoMmeHesoi mepanii.

Bu CHOBKM. Baxcaueo 3a3Hayumu, wjo 8 dessKux sunadkax, makux sk peyuousu no
py6yio 8aziHu, pak 8y /1b8u, nepeuHHi ma 6MOpPUHHI ypaxceHHs 8a2iHu, i pak npAmMoi KUuWKu
3 iHeas3i€lo y gaciHy, 306HIWHA npoMeHesa mepanisi He ehekmueHa. Y makux sunadkax
8HYyMpIiWHLOMKAHUHHA 6paximepanis 3 BUKOPUCMAHHAM 20/10K 8idizpae K/10408y poJib y
3a6e3ne4eHHi 10KA/1bH020 KOHMPOJ/110 Ma NOKpawjeHHi pe3yabmamie AiKy8aHHs.

Takum YuHOM, 8UKOPUCMAHHA 20/10K Y 6paximepanii € Kpumu4Ho s8axcaAusum 0as
docsazHeHHs1 mepaneeMUYHUX yijell i nidguweHHs sikocmi d@cumms nayienmie.

Knw4yoBi caoBa: 6paximepanisi, GHympiulHbOmKaHUHHe ONPOMIHEHHS, NyX/AUHU
HCIHOYUX cmameagux op2aHie.

Astopu O. Kozak, I'. Denopenko, C. Pomanenxo, JI. Pomanenko ta O. Posak 3asiBIsI0Th PO BiICyTHICTh KOH(IIIKTY
iHTepeciB. CrIoHCOpH He Opai ydacTi B po3po0JIeHHI OCIiIKEeHHs; y 300pi, aHai31 UM iHTeppeTanil JaHuX; y HalcaHHi
PYKOIIHCY; B pillIeHHi IPo MyOJliKallilo pe3y/IbTaTiB.

The authors O. Kozak, H. Fedorenko, S. Romanenko, L. Romanenko and O. Rodak declare no conflicts of
interest. The funders had no role in the design of the study; in the collection, analyses or interpretation of data; in
the writing of the manuscript; in the decision to publish the results.
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3ACTOCYBAHHA SRT HA JIIHIHHUX MPUCKOPIOBAYAX BE3 6D-CTOJIA

BcTyn. 3a ocmaHHi poku cnocmepizaemvbces icmomHe 3pOCMAHHA Kiaskocmi
Medu4HUX JiHIlIHUX npuckopilogavie e Ykpaiui. Ilpome nepesaiicHa 6Ginvwicmb Ybo20
061a0HaHHAA He MA€ 8 Komnjiekmayii 6D-cmoaa, wo yHemMOXMCAUBAIOE 3ACMOCY8AHHS
Kopekyii Ha nogopom nayieHma i 3a1UWae MoMCAUBICMb lUuUIe MPAHCAAYITHUX NONPABOK.
3 iHWo20 6GOKY, 3 KOMCHUM pPOKOM Yy NpOMOKO/axX JAiKy8aHHs &ce 6iiabuie 3's18/189€mbCs
nokasie do eukopucmaHHs SRS (stereotactic radiosurgery), SBRT (stereotactic body
radiation therapy) ma SRT (stereotactic radiation therapy), npogedeHHs sIKUX eumazae
suKopucmaHHs 6D-cmosaa, mo6mo Heo6XidHicmb mpaHcaayitinux i pomayitiHux nonpaeok
noJ10JceHHs nayienma.

MeTtoau. Y npoyeci docnidiceHHs1 Gy/a0 3acmocoeaHo Memodu 6U3HA4eHHs
amniimydu noxu60K, cnpu4uHeHUX noeopomamu nid 4ac yKkAadaHHs nayienma, ma ix
Kopekyii, ujo6 e okpemux eunadkax 3acmocogyeamu SRT 6e3 6D-cmoaa.

Pe3yabTaTu. YoocaiddceHHi po32asiHymo auule AiKy8aHHs1 Nnamo102itl 20/108HO020
MO3KYy. /i oyiHoeaHHsA pomayiiiHux noxu6ok G6y/10 NpoaHanizoeaHo O0aHi 3miujeHo
66 nayienmis, wo JiKysaau namo.ozii 20/108H020 MO3Ky. Omodice, pe3yjibmamu He
MOJCyms Gymu 3acmocoe8aHi ujodo iHwux YacmuH miaa.

BucHOBKHU. Pe3syssmamu 00c1i0%#CeHHs MOX}CYmb po3WUpumu MoXcAU80Ccmi
8UKOPUCMAHHA HASAABHUX 6 YKpaiHi /iHIlIHUX npuckoplogadie, nokpawyw4u sKicmob
HAJAHHA MedUYHUX NOC/1Y2 OHK0/102IYHUM nayieHmam (makoic € Modcausicms gaiKysamu
desiki HeOHKO/102i4HI namo.10z2ii, Hanpukaad, adeHomu zinoghiza).

Knw4dyoBi caoBa: SRT (stereotactic radiation therapy), DVH (dose volume
histogram), pomayiiini noxué6ku, PTV (planning target volume).

Beryn

SRT € HeBiI'€eMHOIO YaCTUHOIO CY4aCHOI IIPOMEHEBOI Tepallii TOJIOBHOTO MO3KY.
Taknii MeTox BHKOPUCTOBYE BHCOKI Pa3OBi J03W 332 HEBEIHKY KUTBKICTh (ppaKIIii
(1-5 ¢pakuiit), mo mae kpamr KIiHIYHI pe3y/IbTaTH Ta MPUBOJUTH 1O CYTTEBOTO
CKOpOYEHHS TPUBAIOCTI JiKyBaHHs. [lopiBHSIHO 3 KOHBeHHIHHOIO Tepamieo SRT
notpebye 3Ha4HO OLTbIIOT TOuHOCTI mifaBeaeHHs go3u (Klein et al., 2005, p. 13-14).
e Moxna 3a0e3neyuTH OUTBII TOYHWMH QITOPHUTMAMH OOYWCIEHHS JI03H,
BUKOPHCTAaHHSM JIOJATKOBHX CHCTEM IMMOOLTI3arii MalieHTa Ta KOHTPOJIEM
MOJIOKeHHS maltienTa 3a qonomoror CBCT (cone beam computed tomography).

Jus  peamizamii KOHTPOJIO TIOJOXKEHHS TMAIli€EHTa IIOTPIOHI  CremiaibHi
iHctpymentn st kopekmii (Lips et al., 2009, p.6-7). Kopekiii momoxeHHs
MarieHTa TOAUIAIOTh Ha TPAHCIAMIWHI Ta poTaliifi. TpaHCIALIAHI MOMpaBKH
pealizyloThCsl Ha BCIX JIIKYBallbHUX CTOJNIAX JIIHIHHUX TIPUCKOPIOBAYiB, a pOTaIliiiHi
MTOTPABKK MOKJIHBI JIUIIIE HA CTONIAX 3 TAKOK QPYHKIIIETO.

© BamyummiH Boaoaumup, 2024
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B Vkpaini nepeBakna OUTbIIICTh MPUCKOPIOBAYiB He MatoTh 6D-cTona, To6TO He
MOXYTh 3aCTOCOBYBATH ITONIPABKH Ha POTaLiliHi 3MillleHHS NalieHTa. TakuM YHHOM,
IUIst OUTBIIOCTI JIKyBaJlbHUX LEHTPIB MUTAHHS IIOJ0 MOXKJIMBOCTI BUKOPHCTaHHS
SRT ronoBHoro Mo3Kky 6e3 HasBHOCTI 6D-cTona Hapasi Ayke akTyallbHe, OCKITBKH
6D-crin cpusiB 61 30UIBILICHHIO CIIEKTPa IHCTPYMEHTIB Y JiKyBaHHI MAIi€HTIB.

MeTtoau

Jyis nmocmimpkeHHS MOXJIIMBOCTI mpoBefeHHs SRT Ha mpuckoproBauax 0e3
6D-cTona moTpiOHO 3HATH AMILIITYAM HMOXMOOK YKIajaHHs maiieHTa. [loxuOku
MOJUISIOTh HAa TPAHCIISLINHI Ta poTarfiiini. TpaHCIAIiNHI MTOXUOKK — 1Ie JIiHIMHHI
nepeMileH st B3/I0BK oceil X (yiBo-mpaBo, ML), y (BBepx-BHU3, AP), z (Bniepen-
Hazaj, CC). PoraniiiHi moxXuOKu — 11€ MOBOPOTH HABKOJIO i301eHTpa pitch(g), roll(y),
rotation (0) (3a3BHuaii Ha3UBarOTH yaw, rtn, abo CW/CCW).

TpaHcnsaniiiHi MOXMOKKM 3aBXKJM MOXKHA CKOpPEryBaTH 3 BHUKOPHUCTaHHIM
MV-MV, kV-kV a6o CBCT Ha 3BuuaiiHOMy cToii. ICHYIOTH KiJibKa BapiaHTIiB
BUPIIIEHHST TPOOJIEMH POTAIIHHOI MOXUOKH: BUKOPUCTAHHS JIOJATKOBUX CHCTEM
iMMOOiTi3allil narienTa, nepeyKiaeHHs namienra abo BUKOpHCTaHHs 6D-cTosa st
ABTOMATHYHOI KOpPEKIii IMOBOPOTY. Alle HEMOXIJIMBO 3pOOMTH TIOMpPAaBKy Ha
poTarliiiHi MoXuOKu 0e3 TepeyKiIaJeHHs TalienTa abo HasBHOCTI 6D-cTona. Tomy
MOTPiOHO KUTbKICHO OLIHUTH aMILTITYI! POTAI[IHHAX MOXUOOK JJIS X KOPEKIIii.

JlJis OIiHIOBAHHS POTAIIfHUX MOXUOOK OYyJI0 MPOaHaIi30BaHO JaHi 3MIIICHb
66 marfieHTiB, 10 JIKyBaJd I@ATOJOr TOJOBHOIO MO3Ky (ycl NallieHTH
BUKOPHCTOBYBAIM TEPMOILJIACTUYHI MAacKH 1 CTAaHIAPTHI ITiATOJIOBHUKHN). 3arajibHa
KUIBKICTh IIpoaHaizoBaHuX (pakxiiii cranosuiaa 1386. st aHami3zy Oyiu 1oaydeHi
pesynbrat kV-kV ta CBCT 3miMKiB. CepenHi aMILTITYIi TTOBOPOTIB 1T KOXKHOT'O
KyTa BU3HAYaJIU K

ng ng ng
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e Ny, — KUTBbKICTh (ppakiiii K-ro namierta. Po3momin cepeanix aMIuTiTy R poTaiitHuX
3MIIIEHb TPEACTaBICHO Ha puc. 1. Yci MOBOPOTH MarOTh IPHOIM3HO OIXHAKOBI
cepemHi MOXMOKM Ta IXHI po3momiau cepen mamieHTiB. CepemHi Ta MemiaHHI
3HAYeHHS TPUONIM3HO AOPIBHIOIOTH OJHE OJHOMY JJIA BCiX ocell obepraHHA i
cranoBnaTh 0,7-0,8% 95 % marieHTiB MaroTh aOCONIOTHI CepelHi 3HAYCHHS
BimxuieHb Menme 1,8-2,0° (puc. 1). Okpemo Ciix 3a3HAYWTH, IO IMi 3HAYCHHS
MOXYTh JEMIO BiAPIZHATHCS 3aJI©KHO Bill HAOOpY IMMOOLTI3YIOUHX MPHCTPOIB Ta
JOCBIy THEpCOHANy, SKHH NPOBOAWTH YKIAAaHHS. AJle 3a paXxyHOK TOTO, IO
OUTBIIICTh IMMOOIMI3YIOUMX MPUCTPOIB PI3HUX BUPOOHWKIB HE MAlOTh CYTTEBHUX
BiIMIHHOCTEH, TO Ii pe3yNbTaTH MOXKHA 3aCTOCOBYBAaTH W Ha IiHIII HabopH
yKIaJaHHs 3 TepMoruiactuaHrMu Mackamu (Fu et al., 2007, p. 1).

J1s TpaKTHYHOTO 3aCTOCYBaHHS MOTPIOHO 3pOOUTH 2 HAOIMKEHHS:

1) MO’)KeMO BBa)KaTH, II0 IIOBOPOT HABKOJIO OJHIET OCI IMPHBOIUTH 10 3MIIICHHS
JIMIIE B OAHIN IUIOIIMHI;

2) MakCUMAJTbHI 3MillieHHs i 95 % marieHTiB MeHIii abo JOPIBHIOOTE 2°, TOMY
JUTsL KOpEKLii 3a BincyrHocTi 6D-cTona Mo)kxHa BUKOPHCTOBYBATH MONPABKY Ha 2°.
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3MilleHHS TOYKH il 4ac MOBOPOTY Ha 2° OyjIe 3ajIe)KaTh JIUIIE BiJ BiACTaHI 10

TOYKH OOEpTaHHS, Y HAIIIOMY BHIIAJKY JIO 130IIEHTpA ITyUKIB:
x~rx*xsina=rx+*sin2° = 0,035 xr,

ne x — pgomatkoBe posmmuperHs PTV, r — Biacranp Bixg i30IeHTpa 10

Ha#BignaieHinoi Touku PTV.

Takum uwmHOM, i30TpOomHMM po3mmpeHHsM PTV Ha 3HayeHHS X MOXKHA
KOMIIEHCYBAaTH MaKCHMaJIbHi 3MIIIEHHS Yepe3 poTalliiiHy MOXHOKY.

PesyabTaru

Jis mpakTHYHOI peati3allil OMMCcaHoro BHUINE IiIX0Ay IIe He0OXiqHO BpaxyBaTH
psan daxTopiB, SKi MOXKYTh BINTHHYTH Ha Pe3yJIbTYIOUHH J030BUI posmonair. Brmus
nux QakTopiB MOXKHA OIIHWTHA TIPH BHUKOPHCTAHHI TIOBOPOTY HAa pealbHUX
JMKyBaTbHHUX IDIAHAX 3 PI3HUMH TeOMETpisMH. PoO3risHeMo Kibka IOKa30BUX
BHKOPHCTaHb TaKOTO EMITIpUYHOrO IMAXOAYy Ha TPHUKIAMI MAaIi€HTIB 3 Pi3HOIO
TEOMETPIEI0 TapTeTiB.

Bumnanok 1: ageroma rimo¢isa, 2,6/4,8 cc 06'em CTV (clinical tumor volume) /
PTV, perymnsipna Hecepudara reoMeTpis, 4 HekoMIuaHapHi apku. [1ig gac moBopoTy
Ha 2° He 3MiHI0eThCs MOKpUTTS PTV ta CTV, ToMy Takuii IuiaH MOXKHA JTIKYBaTH
6e3 Bukopucranus 6D-ctona (puc. 2).

Bunanok 2: mMeracras roigoBHOro Mo3ky, 0,7/1,9 cc 06'em CTV/PTV, chepruuna
reoMmerpis, 4 HeEKOMIUIaHapHi apku. [li yac moOBOpOTy Ha 2° He 3MIHIOETHCS
nokputtss PTV T1a CTV, TOMy Takuii TUlaH MOXKHA JIiKyBaTH 0€3 BUKOPHCTaHHS
6D-ctona (puc. 3).
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Puc. 3. DVH opurinaiabHoro miany i sMimenoro na 2°,
Cnocrepiraerbes BiacyTHicTs 3Minu nokputrsi PTV Ta CTV nia uac nosopory na 2°

Bunapnok 3: meninriomatos, 9,8/19,3 cc 06'em CTV/PTV (3aranbha kinbkicte GTV —
12), nerpapribHa (hopMa, BEITUKA KUTBKICTh OKPEMHX TapreTiB, 5 KOMITIAHAPHUX apoOK.

Posrnssnemo PTV1, ske e HaiiBimmanenime Bin i3omeHTpa. Ko BpaxyBaTH
MOMPAaBKy Ha moBopot 2°, To posmmpenHs PTV1 6yne Ax = 0,035+r = 0,32 cm. Lle
CYTTEBO 3MIHUTH 00'eM orrpoMiHeHH: 3 1,7 cc 00'emy PTV1 10 5,8 cc, 1110 cTaHOBUTH
npupict y 241 %. Ane, Ha BiqMiHY BiJ ITOTIepeHIX BUMAIKIB, JIKyBaTH TaKUH IJIaH
3a BigcyTHOCTi 6D-crona 6e3 Kopekiii Ha poTallifo BXe He MO)KHA, OCKLITBKH ITiJT 9ac
MOBOPOTY Ha 2° 3HAYHO MOTIpIIyeThess MOKPUTTS PTV (puc. 4), 1o poOUTh Takuit
IJIaH KJIHIYHO HeBUIpaBAaHUM. Tomy moTpibHO posmmputu PTV Ha 0,32 cm Ta
MEepPEeONTUMI3YBATH ITyYKH ONPOMIHEHHSL.

Emnipryna kommeHcarlisi moBopoTy uepe3 posmmpeHHs PTV1 3a0e3neunia
JOCTaTHIM piBEeHb MOKPHUTTS A030K0 (puc. 5), aje I[iHOW 3HAYHOTO IMiJBHUIICHHS
HaBaHTAXXEHHS Ha TOJIOBHUI M030K: 20 Gy orpumyBaio 12,2 cc, a 3 po3mMpeHHsIM
— 20 Gy Bxe orpumMyBaiio 6 18,4 cc romoBHOro Mo3ky (crpykrypa brain-GTV).

Jaui posrisiHemMo, sk BIMHE poTtaris Ha PTV2, mo po3ramoBaHa Ha BincTaHi
3,8 cMm Bif i301E€HTpA.
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CrniocTepiraerbest 3Ha4Ha 3Mina nokpurtss PTV2 nix yac nosopory na 2°
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[TomiTHa 3HayHa 3MiHa B mokputTi PTV2 mix yac moBopoty Ha 2° (puc. 6), Tomy
HEoOXiZHO 3poOMTH TONpaBKy Ha poTamilo. 3 ypaxyBaHHSIM IOBOpOTY Ha 2°
posmupenns PTV2 6yne Ax =~ 0,035+r = 0,13 cm, 1o 3minuTh 00'em PTV2 i3 5,1 cc
o0'emy mo 8,1 cc, ToOTO BimcoTkoBmil mpupict cranoButuMme 53 %. JomaTkoBe
posmmmpenHss PTV2 pamo 3Mory eQeKTHBHO BiZHOBHTH MOKpUTTS (puc. 7) 3a
BincyTHOCTi 6D-cToma 3a paxyHOK 30UTbLIEHHST 00'€My ONpPOMIHEHHS Ta
301IbIIEHHSM HaBaHTa)KEHHS Ha TOJOBHHHA MO30K 3 12,2 cc orpumyBaio 20 Gy mo
13,8 cc — 20 Gy.

Cumuilative Dose Volumae Histogran

Ratio of Total Structure Volume

Dose (Gy)

Puc. 7. DVH PTV2 opurinaansHoro i smimenoro na 2°
IJIaHiB 3 ypaxXyBaHHSIM J10IaTKOBOI0 po3mmupennst PTV2

OTXxe, TOYATKOBI TPHITYIICHHS IMOAO KOMIIGHCAIlli POTaIlifHOI MOXWOKK Ha
MPAKTHIL BUSBHINCS €PEKTUBHHU IS BITHOBJIEHHS J1030BOTO TIOKPHUTTS TapreTiB,
aJie Ipu I[bOMY 301UIBIIYIOYM HAaBaHTAXKEHHS Ha 370pOBi TKaHMHH. Takuii MeTox
MOJKHa 3aCTOCOBYBATH, SIKIIIO € 3HAYHUI TO30BUH 3aIac y I030Bii TOJIEPAaHTHOCTI
KPUTHYHUX OpraHiB. B okpemux BHmagkax reoMerpii Tapreris mooporu Ha 2°
B3araji He BIUIMBAJIM Ha KIIHIYHY 3HAYAMICTh JIIKYBaJIbHOTO TUIAHY, IO JO3BOJINIIO
6 mpoBoauTu SRT 6e3 noaaTKoBOi KOpeKIii 3a BincyTHocti 6D-crona.

Juckycis i BHUCHOBKH

Y pesymbrari CTATUCTUYHOI OOpOOKHM pE3yNbTaTiB YKIAJCHHS TAIi€HTIB 3
MaTOJIOTiIMH TOJIOBHOTO MO3KY Oys10 Bu3HadeHo, mo pitch, roll Ta rotation marots
Iy’)Ke CXOXI MaKCHMalbHI CEpeHI aMIUTITYAd pOTalidHuX 3Mmimenp — 1,8-2°
Menianu potaniitHux 3MimieHb cTaHoBnsATh 0,7-0,8°. ToOTo, SIKIIO BBa)aTH, IO
BiZICYyTHiCTh 6D-cTONa crpshkeHa 3 MaKCHMATIBHOK POTAIiHOK MOXUOKOK B 2°
KOXKHOI 0ci 00epTaHHsI, TO 3BM4aiiHe po3mupeHHs PTV M03BONHTh CKOMIIEHCYBATH
ii, o OyIJ10 MPOIEMOHCTPOBAHO B PO3TJISIII MPAKTHYHHUX BUITAJKIB.

[lincymoByt0YM, MOXEMO BHIUIMTHA PsI IHAWKATOPIB, SKi J03BONWIH O
npoBoxuti SRT maromnoriii ronoBHOro Mo3Ky 0e3 6D-crona:

* BEJIMKi Ta Cepe/Hi 32 PO3MIpOM TapreTH;

* chepuyHa CHMETis Taprera;

* PO3MIIlIEHHS i30LIEHTPa B TEOMETPUYHOMY LIEHTPI TapreTa;
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* HasBHICTH JIMIIE OHOTO TapreTa;

* BiJICTaHb BiJl MOBEPXHI OUIbIE 1 CM;

» Bukopuctanus VMAT.

A psAOOM O3HAaK, SIKi MEPeIKOKAITh MpoBedeHHI0 SRT 6e3 porauiitHoi
KOpEKIlil MO>)KHA BBa)KATH:

* JIyXe MaJIeHbKi 3a po3mipom Tapretu (<1 CC).

* HeperyJsipHa TeoMeTpisi;

* po3MillleHHS 130LeHTpa o3a Mexxamu PTV;

* BeJIMKa KUTBKICTh TapTeTiB;

* ONMU3BKICTH 200 MPHUIISATAHHS JI0 TIOBEPXHI;

» Bukopucranas IMRT.

BaxxnBo 3a3HaumnTH, 10 CPepUIHO-CUMETPHYHI TapreT po3mipom Oiibie 1 cc,
TCOMETPUYHAN [EHTp SAKHUX 30ira€Tbcs 3 130IIEHTPOM, B3araji MOXYTh HeE
noTpedyBaTH JOJATKOBOI KOPEKIIii, a TOMYy BiCYTHICTh 6D-cToJa HisIK HE BIUIMHE
Ha KJIIHIYHY e)eKTUBHICTb.

Monsikn, mxepena ¢ginancyBanns. BucioBmoeMo mopsky rerepansHoMy nupekropy KimiHiku
"Ooepir" Pubuyky Bixropy OnekcanapoBuuy 3a HaJaHy MOXIIHBICTh BUKOPHCTOBYBAaTH 00JIaTHAHHS
JUTSL PO3paxyHKiB JIIKyBaJIbHUX IUIaHIB. BHUCIIOBIIOEMO MOMIKY 3aBiAyrOdii BiJUIIIEHHSM MPOMEHEBOT
tepamii Cinaesiit Onp3i CBATOCIABIBHI 3a JIOMOMOT'Y B OpraHi3allii IpOBeIeHHS JOCIiPKSHHSL.
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APPLICATION OF SRT ON LINEAR ACCELERATORS WITHOUT A 6D TABLE

Introduction. Over the past few years, the number of linear accelerators in
Ukraine has grown significantly, but not a single one has appeared that has a 6D couch for
correcting rotational misalignment. Because of this, many doctors are hesitant to perform
high-dose SRT treatment regimens. On the other hand, the number of indications for SRT in
international protocols is growing every year. Thus, modern aggressive treatment methods
are difficult to apply in our realities, since there is little data on the total error caused by
rotational error.

Methods. The methods of this study are the determination and evaluation of
amplitudes of head rotational errors and their compensation mechanisms for the possibility
of SRT on linear accelerators without a 6D couch. This will increase the frequency of SRT use
for brain pathologies and improve the effectiveness of radiation therapy for this segment of
cancer patients.

Results. The study only considered treatment of brain pathologies. To assess
rotational errors, displacement data from 66 patients treated for brain pathologies were
analyzed. Therefore, the results cannot be applied to other parts of the body.

Conclusions. Theresults of the study will allow us to increase the frequency of use
of NRT for brain pathologies and improve the effectiveness of radiation therapy for this
segment of cancer patients.

Keywords: SRT (stereotactic radiation therapy), 6D couch, linear accelerator,
rotational error.
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CALCULATION OF EFFECTIVENESS OF THE VETERINARY
X-RAY SYSTEMS PROTECTIVE CABIN

Introduction. Thetransitionfrom the use of X-ray film to digital radiography (DR)
has made X-ray diagnostics in veterinary clinics simple and efficient. The number of
examinations is small compared to medical use, but a significant part of them is performed
without anesthesia of the animals by manual fixation of the animals. Such fixation of the
animals is usually performed by veterinary clinic staff.

Methods. In this work, we measured the dose loads and calculated the protection
efficiency of a new cabin for a veterinary X-ray system. Cabins provide protection in space in
three coordinates. Accordingly, the calculations of the attenuation coefficients must also be
performed in volume.

Results. Theexperimentally found values of the three-dimensional distribution of the
attenuation coefficients on the surface of the cabin make it possible to calculate the
necessary thickness of lead protection, which guarantee compliance with the relevant
sanitary standards. In the experiment, a decrease in the protection factor of the screen with
a lead equivalent of 0.6 mm was registered up to 2 times, which corresponds to an increase
in the effective anode voltage. Thus, the well-known in X-ray tomography effect of increasing
the hardening of radiation appeared.

Conlusions. Inveterinary medicine, compared to human medicine, the presence of
personnel who fix the animal with their hands is fundamentally different. This workplace is
located in close proximity to both the direct X-ray beam and the maximum scattered
radiation. It requires special attention during calculating X-ray protection. The small size of
the cabin, where the X-ray examination is performed, reduces the area and the price of
structural protection. That determines the economic attractiveness of the concept.

Keywords: digital radiography, protection, veterinary medicine, cabin, computed
tomography, Compton effect.

Introduction

The transition from the use of X-ray film to digital radiography (DR) has made
X-ray diagnostics in veterinary clinics simple and efficient. This led to an
increase in the number of X-ray studies for small veterinary clinics from 20...30
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to 200...300 per month. Such a number of examinations is small, compared to
medical use, but a significant part of them is performed without anesthesia of animals
with the help of fixing animals with hands. Such fixation of animals is usually
performed by the staff of veterinary clinics. As a result, the radiation load on clinic
staff also increased tenfold. In addition, cone beam X-ray tomography scanners
(CBCT) are starting to be used in small veterinary clinics, which also creates X-ray
dose loads. These features necessitate the development of more effective means of
protection for the personnel of veterinary clinics (IAEA, 2024, p. 7).

Methods

The existing concept of protection was developed in the middle of the last century
for film technology. Protection measures include individual means: aprons, gloves,
collars, caps and glasses, as well as structural means: lead sheets, barite platei and
protective curtains (Ministry of Health of Ukraine, 2007, p. 17). Individual means
are put on people, and the X-ray room is equipped with structural means. Individual
protective equipment has a considerable weight — 6...10 kg, which is inconvenient
for clinic staff. Structural means do not protect personnel in the X-ray room. They
cover a large area of walls and ceilings and, as a result, are expensive (Fig. 1a).

TR

Fig. 1. Protection of the clinic staff in the X-ray room with individual protective
equipment 0,25...0,5 mm Pb and structural means — outside
the X-ray room 0,5...1,5 mm Pb (a).
Protection of the clinics staff in and outside the X-ray room with the help of a cabin
0,6...2,0 mm Pb (b)

Places of installation and the lead equivalent of structural protection means are
calculated in advance, which turns the cabinet into a stationary system and excludes
mobility. A detailed description of the X-ray room of the veterinary complex is given
in the US patent N 10,045,751B2 (Okusu, Ohashi, & Okabe, 2018, p. 17), issued in
the name of the Fuji film company.

The concept proposed by us (Miroshnychenko, O., Miroshnychenko, S., &
Nevhasymyi, 2024, p. 14) is new for veterinary implementation, but is commonly used
in population lung screening and non-destructive control systems, based on the use of
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a mobile protective cabin. A fundamentally new feature is the presence of workplace
of staff that fix the animal by the hands (Fig. 1b). This workplace is in close proximity
to both the direct X-ray beam and the scattered radiation maximum. It requires special
attention when calculating X-ray protection. In this work, we offer a combination of
individual and structural means of protection. Structural protection is placed on cabins
tripod, which makes it possible to significantly decrease the dose load and ensure the
convenience of human work. At the same time, the small dimensions of the cabin,
where the X-ray examination is performed, reduces the area and the price of structural
protection. That determines the economic attractiveness of the concept.

The cabin provides protection in space in three coordinates (abbreviated — in 3D,
Fig 2). Accordingly, the calculations of the attenuation coefficients have also to be
performed in 3D. The values of the three-dimensional function K(xy,z) found
experimentally on the surface of the cabin make it possible to calculate the required
thickness of lead protection Pb(x, y, z) according to the tables (Ministry of Health of
Ukraine, 2007, p. 54), which guarantee compliance with the relevant sanitary standards.

Fig. 2. Exterior view of the closed (a) and open (b) DR cabin.
Exterior view of the closed CBCT cabin (c)

Results

In this concept of X-ray protection all radiation divided into two parts: direct one
(zone A, Fig. 3a) — includes direct irradiation not in the way to the receiver, and
scattered (by Compton effect) — includes radiation scattered by an animal (zone B,
Fig. 3a). In both DR and CBCT systems, the direct radiation of the X-ray tube
matches on the X-ray sensitive field of the receiver. This makes it possible to reduce
intensity the direct beam with separate screens behind the receiver and on the back
surface of the emitter.

The basis for the calculation of radiation protection (Ministry of Health of
Ukraine, 2007, p. 42) is the determination of the attenuation factor — K of the dose
rate of X-ray radiation at a given point in the absence of protection Pp to the value
of the protected dose rate Pp,,, in units of the absorbed or exposure dose:

K = PD/PDp . &)
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Fig. 3. Zones of direct (A) and scatered (B) radiation (a). External view of the cabin (b).
Graphs of the annual dose load without (+)
and with the presence (0) of a water phantom

For conducting research, a cabin with protective screens and fabric curtains was
made to reduce direct radiation. In addition, the entire inner surface of the cabin was
covered with a screen with the equivalent of 0.6 mm of lead. The place of the worker
who fixes the animal is located on the side of the fabric curtains and transparent
window (Fig. 3b). During the experiment, the radiation components were measured
separately at points 1-15 (Fig. 3a) in the absence and presence of a water phantom.
The research was carried out in two stages with dosimeter GS-01.

At the first stage, direct radiation was studied by measuring the power of the
radiation dose P, without the protection. Then the protection was installed: 1.0 mm
of lead on the frontal and back side of emitter and 0.5...0.6 mm of lead on the side
walls and the radiation dose with protection Pp,, were measured. The attenuation
factor K of individual screen on the back side of the emitter, Pp,,, equivalent annual
dose with and Pp,,.,, without protection were calculated (Table 1).

At the second stage, the presence of the animal was simulated using an equivalent
water phantom (zone B Fig. 3a). Ppr and Pp,r — the dose rate of X-ray radiation
at a given point in the absence and with protection, Ky — attenuation factor, Pp,.,r
and Pp.,r — equivalent annual dose with and without protection in presence of
phantom respectively.

During the experiment with a water phantom, a decrease in the protection factor
of the screen with a lead equivalent of 0.6 mm was registered up to 2 times; ¢ —
relative reduction of the protection factor — o = K /K. That is, the effect known in
computer tomography of increasing the hardness of radiation in the presence of a
biological object in the field of study appeared. Physically, this is due to the fact that
during the formation of scattered radiation by a water phantom, low-energy photons
are absorbed by the phantom itself, and radiation with a more "hard" energy
distribution is emitted the outside of the phantom.
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Table 1
Results of measurement of short-term dose rate and attenuation factor

P&'gt 2| 3| 4|5 |6 | 78| 9|10 11]12]|13]14
Pp, 183| 24 | 50 | 52 | 51 | 50 | 50 | 50 | 51 | 52 | 53 | 24 |18,3
mSv/h

Pop, 079(13|18|19|201091|0,712{0,73(0,78| 0,80 {0,83(0,43|0,46
mSv/h

K 23,21185(27,8|27,4|255|54,9|70,4|68,2|655]| 62,4 |63,8]|558]|39,8

Poey, 53| 6,7(139|14,5|14,3|14,3|14,1|14,3|13,8| 13,4 |14,7| 6,7 | 5,6
mSv/y

I;fé’\‘;}’y 0,23|0,36|0,50|0,53|0,56|0,260,20{0,21|0,21| 0,23 |0,23|0,12|0,14

Por, 18,2| 57 | 55 | 57 | 53 | 52 | 52 | 52 | 53 57 55 | 57 |18,2
mSv/h

Popr, 0932353526 |1,7149|149|1,61| 1,59 |1,62|1,78|0,48
mSv/h
Ky 20,2(14.3|15,6/16,3|20,4|30,6|34,9(34,9(329| 358 (33,9 32 |37,9

Poeyr, 53 (12,9(15,3|15,9|14,7|14,7|14,7|14,7 |14,8|16,11 | 15,3|16,0| 5,7
mSv/y

ﬁfg\‘ﬁ; 0,26 09/0,98|098|0,72|0,48|0,42|0,42/0,45| 0,45 |0,45|0,500,15

c 0,87/0,77/0,56] 06 | 0,8 |056| 05|05 ]05]057|053]0,57|0,95

As a result, the additional protection of the cabin surface with 0.5...0.6 mm of
lead on the border satisfied the condition of the permissible annual dose of less than
5 mSv/year (the graph is marked — 000, Fig. 3c).

Discussion and conclusions

The combination of individual and structural means of protection makes it
possible to significantly increase the degree of protection and the convenience of a
person's work. At the same time, the small size of the cabin, where the X-ray
examination is performed, reduces the area and the price of structural protection.
That determines the economic attractiveness of the concept.

Authors' contribution: Sergii Miroshnychenko — conceptualization, formal analysis, writing —
original draft; Oleksandra Miroshnychenko — formal analysis, writing — review&editing; Yurii Khobta —
investigation.
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PO3PAXYHOK E®EKTUBHOCTI 3AXMCHOI KABIHHU
/111 BETEPUHAPHOI PEHTTEHIBCbKOI CHCTEMH

Bcryn. Ilepexid 8i0 8sukopucmaHHs peHmzeHigcbkKoi nsieku 0o yugposoi
penmezeHozpadhii (/IP) 3po6ue penmaeHodia2HOCMUKY y 8emepuHapHux KJAiHiKax npocmoro
i efhekmueHor. Kinskicme o6cmediceHb NOPIGHAHO 3 MeOUYHUM BUKOPUCMAHHAM
Hege/UKa, a/1e 3Ha4Ha iXx YyacmuHa npoeodumucs 6e3 aHecme3ii ME8APUH WASIXOM PYYHOT
dikcayii meapun. Taky dikcayilto meapun 3a3zeuyail npoeodsamv npayieHUKU
eemepuHapHoi KAIHIKU.

MeTtoau. IlposedeHo eumiplo8aHHs 00306UX HABAHMANMCEHb MA PO3PAXOE8AHO
ehekmugHicmb 3axucmy H080i KaGiHU 011 eemepuHapHoi peHmMeeHiecbkoi cucmemu.
Ka6iHu 3a6e3ne4yioms 3axucm y npocmopi 3a mpboma KoopduHamamu, 8idnogioHo i
o6uucneHHs1 KoedpiyieHmie oc/n1a6/1eHHs1 HeoGXi0HO BUKOHyeamu, GUKOpUCmog8yr4u
npocmopoei koopouHamu.

Pe3sysnbTaTu. 3HalldeHi ekcnepuMeHmMaabHO 3HAYEHHA MpUsUMIipHO20 po3nodity
KoeghiyieHma oc1a6.1€HHSA peHM2€eHi8CbK020 8UNPOMIHIOBAHHS HA NOBEPXHI Ka6iHU dalomb
MOXMCAUBICMb N0 MA6AUYsIX po3paxysamu Heo6XiOHi MoBWUHU CBUHYE8020 3axXucmy, sKi
2apaHmMyioms BUKOHAHHS1 8i0noeidHUX caHimapHux Hopm. B exkcnepumenmi 6ya0
3apeecmposaHo 3HUJCEHHs KoedbiyieHma 3axucmy ekpaHa maiidce y dea pasu npu
BUMIpIOBAHHAX 3 800HUM (HAHMOMOM, NOPIGHAHO 3 GUMIPIOBAHHAMU Ge3 Hbozo. lle
gidnoegidae nideuujeHHio egiekmueHoi aHOOHOI Hanpyzu. Y npoyeci docaidiceHHs
nposieuecs gidomuii y penmeeHiecwkiii momozpadhii egpekm 36inbWeHHA HcopcmKocmi
BUNPOMIHIOBAHHS, KOAU HOMOHU 3 HU3LKOIO eHepz2ie€l0 No2AUHAIOMbCS HaAHMOMOM, a 3
BUCOKOI0 NP0X0051Mb KPi3b Hb020.
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BucHoBKU. [[puHYyunogo HOBUM € HasieHicmbv micys nepcoHasy, sakuil gikcye
meapuHy pykamu. lle micye po3mauiogaHe y 6e3nocepedHiil 6.1u3bkocmi 1Kk 00 npsmMozo
peHmMzeHiecbKo20 nNpomMeHs, mak i 0o MakKcumymy poO3CisiHo20 sunpomiHeHHs. Po6oue
Micye nompeGye 0c061u80i yeazu 8 po3paxyHKax peHmeeHiecbko20 3axucmy. /1o mozo sc,
3a paxyHoK Ma/n020 po3mipy Ka6iHu, de 8UKOHYEMbCS1 peHMmzeHi8cbKe 06CmeXHCeHHs,
3MeHuyemucs naowa i yina kKoHcmpykyiiiHux 3aco6ie 3axucmy. Lle 3ymoe/110€ eKOHOMIUHY
npueab6augicmes KoHYyenyii.

Knw4yoBi caoBa: yugposa penmzenozpadis, 3axucm, semepuHapis, meduyuHa,
Ka6iHa, komn'tomepHa momozpadhis, efhekm KomnmoHna.
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xonerii C. MipoIIHNYEHKO 3asBIIsi€ TIPO BiACYTHICTh KOH(QIIKTY IHTEpEeCiB Ta HEBTPYYaHHS B IPOLEC OLIHIOBAHHSI
1€l CTaTTi BIAMOBIIHO O MDXKHAPOIHUX CTAHAAPTIB myOuikariiinoi etnku. CroHcOpy He Opaimi ydacTi B po3po0IIeHH]
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SPECTRA OF ULTRASOUND DOPPLER RESPONSE
USING PLANE-WAVECOMPOUNDING TECHNIQUE

Introduction. Within the framework of a simple model of the sensitivity function,
the Doppler spectra are considered for different ways of generating response signals using
plane wave compounding.

Methods. A Doppler spectrum is obtained for coherent compounding of signals
received at different steering angles of waves during their period of changing. Compared to
traditional diagnostic systems, the Doppler spectrum width is increased only by limiting the
duration of the signals. There is no additional increase in the spectrum width if the
compound signals are formed by adding with cyclic permutation, in which signals from each
new wave angle are compounded.

R e sults. WhenaDopplersignalis formed directly from Doppler signals at different steering
angles, the spectral width increases both in comparison with the traditional method of sensing with
stationary focused ultrasound fields and with the case of coherent signal compounding.

Conclusions. The obtained increase in the spectral width has an intrinsic physical
meaning. The increase in width is connected with a dynamic change in the Doppler angle,
which increases the interval of apparent projections of the velocities of motion of
inhomogeneities along the direction of transmitting of a plane wave without inclination.

Keywords: ultrasound; Doppler spectrum, plane wave compounding, synthetic
aperture method, spectral dispersion, projection of the inhomogeneity velocity.

Iintroduction
The general idea behind synthetic aperture in ultrasound diagnostics is that the
ultrasound response is recorded by all elements of the ultrasound transducer for a
sequence of different emitted wave fields. The response for each point in space is then
identified as a complex value for the different fields, which is coherently summed,
resulting in a high-resolution image due to the focusing at each point in space (Trots
et al., 2011, p. 3).Using the synthetic aperture method, it is possible to implement
imaging methods that use plane waves with different propagation directions or wave
© Barannik Evgen, Hrytsenko Mykhailo, 2024
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fronts with different spatial configurations (Golfetto et al., 2021, p. 1105; Montaldo
et al., 2009, p. 489; Sheina, Kiselov, & Barannik, 2020, p. 5). Moreover, it is necessary
to optimise the parameters that characterise the quality of images obtained using
aperture synthesis (Provost et al., 2015, p. 1467). There are experimental works on
new techniques within the plane wave compounding method that allow to improve
image quality in terms of lateral resolution and contrast-to-noise ratio for two-
dimensional images (Zheng et al., 2018, p. 495) and for Doppler technique (Shen, &
Chu, 2021, p. 4856). The effect of the movement of ultrasonic scatterers and the ways
to correct this impact were investigated in (Hyun, & Dahl, 2020, p. 1323).

The calculations have been implemented within the framework of the continuum
model of the biological medium and the low-frequency Doppler signal under the
pulsed mode of ultrasound.

Methods

Emission depends on the motion of the density inhomogeneities and
compressibility. It also depends on the complex sensitivity function over the
emission-receiving field which may also depend on time.

Gy (P) = G, (7, )G, (7, )b (T —"——"—‘1’“)) (1)
The time dependence is caused by small deviations of the wave vector from the wave
vector of plane waves without inclination (Sheina, & Barannik, 2022, p. 116).

In the case of the synthetic aperture technology, it is possible to generate an
ultrasonic Doppler response signal directly from discrete signal values from different
sequential angles of revolution of the wave vector. For a given range of angles &,
the ultrasonic Doppler response signals are registered for a limited period of time,
after which the registration procedure is repeated periodically. Then the power
spectrum of the Doppler signal is equal to:

4 - 2
S(wp) = (sz)3 e [ dGC(G wp — 0))|6(G + 2k, 0p) 1, (@)
where w, = 2mp/T is the Fourier expansion variable, and T is the period of
repeating a given set of deflection angles. There is another way to generate an
ultrasonic Doppler signal. Discrete values are obtained by coherent compounding of
complex signal values at different angles of rotation for the entire period of angle
change T. Then the spectrum can be written as follows:

4 - - N - 2
S(wp) = T2 3 [ 4dC(d wp)6(d + 2K,0)[, 3)
T
G(§+2k0) =2 [%G(q + 2k, t +t')dt'. (4)

2
Within the framework of our model, it follows from (3) that in this case the
sensitivity function is independent of frequency. To reduce the effect of the
rectangular window on the calculated spectra Gaussian weighting window are used.
Results
In the case of the synthetic aperture technology, it is possible to generate an
ultrasonic Doppler response signal directly from discrete signal values from different

ISSN 3041-1491 (Print) 185



BiomeanuyHa iHKeHepis

sequential angles of revolution of the wave vector. For a given range of angles &,
the ultrasonic Doppler response signals are registered for a limited period of time,
after which the registration procedure is repeated periodically and formula for the
Doppler spectrum:

~ N2\ 343 T2 a2 T2 2 _ 2
S((l)p) = V<(B_p) >T 1k4% ’#‘;}VZEXP {_ aZ-I‘-A;E,VZ (©p :)d) } (5)

2
Then the dispersion of the Doppler frequency spectrum equal to 62 = 2 (L + V—).

2 2
T a

There is another way to generate an ultrasonic Doppler signal. Discrete values
are obtained by coherent compounding of complex signal values at different angles
of rotation for the entire period of angle change T. The final expression for the
ultrasonic Doppler response spectrum

~ N2 _ 2,4 T2,a%(wp—w )2
S(wp) = <(B—p) >k4T 2Ty = /Zaszexp {—W} (6)

Then the dispersion of this Doppler spectrum can be written as follows

2
0% =2 (Tiz + %) and it is greater than the dispersion of the previous spectrum (5)
w

by Ac? = 2/Tj.

The reason for the increase in the width of the Doppler spectrum when forming a
signal from Doppler signal counts obtained at different steering angles is the change
in the projection of the motion velocity onto the direction of the current wave vector
due to a change in the Doppler angle, as shown in Fig 1. This situation can be
interpreted as a movement with acceleration:

V,r =Vcosd(t) = Vcos(® F @) =
V(cos9cos® = sindsin®) = Vcos9 + Vsinﬂ%t . (7

w
Aceleration is inversely proportional to the time T,,. It is clear that both during
acceleration and deceleration, the range of velocities during time T for a given range
of angles is the same, so the width of the spectrum cannot depend on the sign of the
acceleration. Because of this, in dispersion of the spectrum (6), compared to
dispersion of spectrum (5), there is a quadratic acceleration term in the form of 2/T3.

d(t)

d) max

L hevcece

sl

v
"
~ 2
-P max

Fig. 1. Model dependence of the wave vector deflection angle on time

e B R

———————
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From Fig. 1, it is easy to see that the larger T and, accordingly, T,,,, the smaller the
acceleration at a given range of angles @, the smaller the range of velocities and,
accordingly, the additional dispersion of the Doppler frequency spectrum. Obviously,
such terms can be neglected when the strong inequality 1/T3 <« V?2/a? is satisfied.

Discussion and conclusions

The technology of plane wave compounding uses a periodic repetition of the
sequence of waves with different inclinations. Therefore, a periodic extension of all
time-dependent physical parameters naturally occurs, which leads to a limitation of the
duration of ultrasonic Doppler response signals. The influence of limiting the duration
of the response signals and its apodisation by weight windows on the spectral
properties of the correlator of inhomogeneity motion and the spectrum of the
sensitivity function of the ultrasonic system is determined. In contrast to the spectrum
of the correlation function, the width of the sensitivity function spectrum depends on
both the size of the measuring volume and the duration of the signals. Within the
framework of a simple model of the sensitivity function, the Doppler spectra are
considered for different ways of forming response signals using plane wave
compounding. A Doppler spectrum is obtained by coherent compounding of signals
received at different angles of inclination of waves during their repetition period.
Compared to traditional diagnostic systems, the Doppler spectrum width is increased
only by limiting the duration of the signals. There is no additional increase in the
spectrum width if the compound signals are formed by accumulation with cyclic
permutation, in which signals from each new wave angle are added. When forming a
Doppler signal directly from Doppler signals at different inclination angles, the
spectral width increases both in comparison with the traditional method of sensing with
stationary focused ultrasonic fields and with the case of coherent signal accumulation.
In terms of the internal physical meaning, the invented increase in the spectral width
is connected with a dynamic change in the Doppler angle, which increases the interval
of apparent projections of the velocities of motion of inhomogeneities along the
direction of transmitting of a plane wave without inclination.

Authors' contribution: Evgen Barannik developed the theoretical formalism; both Evgen
Barannik and Mykhailo Hrytsenko authors contributed to the final version of the manuscript and the
analytic calculations. Evgen Barannik supervised the project.
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CIIEKTPU CUTHAJIIB YJIbTPA3BYKOBOTI'O JOMNIVIEPIBCBKOTO BIAT'YKY
P BUKOPUCTAHHI TEXHOJIOTTI KOMIIAYHJIUHTY IJIACKMX XBUJIb

BcTyn. BocmahHi poku e yrempa3eykosiii diazHocmuyi ece 6inbw docaidncysaHum
i excueaHum y meduyHiii npakmuyi cmaau pi3Hi eapiaHmu mexHo.o0z2ii cunme3o8aHoi
anepmypu. I0.108H010 nepesazolo makux memodie € nidsuujeHHs1 po3dinbHoi 30amHocmi
306pajiceHHs1 3a pAaxyHOK OUHAMIi4HO20 (HoKycyeaHHss nid diel0 e8unpomiHIOBAHHS
ybmpa3eykKy.

MeTtoau. Po3zeumok memodie KO2epeHMHO020 KOMNAYHOUH2Y  Cu2HaJie
y/1bmpaseyKo8020 8id2yKy 003601u6 NOKpawjumu cneKkmpaabHi oYyiHKu y cneKmpasbHitl
donnsepozpadhii nopieHsaHo 3 mpaduyitliHumu donnjaepiecbkumu memodukamu. Memoio
po6omu € euHalideHHs Ui aHani3 donnjiepiecekKux cnekmpie ma 1020 WupuHu 3
BUKOPUCMAHHAM MeXHO102ii cuHme3068aHOi anepmypu, a came, KOMNAYHOUH2Y NAACKUX
X8UJIb Pi3HUMU cnoco6amu HopmMy8aHHs1 AONNAEPI8CLKUX cuzHAi8 8i02YKY.

PesyabTaTHu. Y Mmexcax npocmoi modesai ¢yHkyii yymaueocmi po32asiHymo
donnepiecbki cnekmpu 3a pi3HUX cnoco6ie d¢opmyeaHHs1 cuzHazlie 8id2yKy 3
BUKOPUCMAHHAM KOMNAYHOIH2Y NAdcKuX Xeu.1e. BuHaiideHo donniepiscvkuii chekmp npu
KO02epeHMHOMY KOoMNayHOiH2y cu2Ha/1ie, OMpUMAaHUX 34 pi3HUX Kymie Haxu/ay Xeuab
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npomszom nepiody iXx noemopeHHs. BcmaHoesneHo, wo y npoyeci HopmyeaHHs
donnuepiecbko2o cuzHaay 6e3nocepedHbo 3 d0oNN/iepiecbKUX CUZHAJIi8, OMPUMAHUX Nid
Pi3HUMU paKypcamu 30HAY8AHHA NAACKUMU X8UASAMU, WUPUHA cneKkmpa 36i1bWyembcs,
SK nopieHAHO 3 mpaduyiliHum mMemoodomM 30HAY8aHHA cmayioHapHUMU CHOKYycoO8aHUMU
YAbmMpa3eyKos8uMuU NOAAMU, MAK i y eunadKy K02epeHmHO020 HaKONU4YeHHs CUZHaia.
BUCHOBKHU. 3a eHympiwHim isuuHuUmM 3micmom euHaiideHO 36GiAbUleHHs WUpUHU
cnekmpa, nog'si3aHe 3 QUHAMIYHOI0 3MIHOI0 donn/episcbko20 Kyma, sike 36i/1bulye iHmepeas
no3ipHux npoekyiti wieudkocmeti pyxy HeodHopidHocmetl y300824C HANPAMKY 8UNPOMIHIOBAHHA
niaackoi xeusai 6e3 Haxuiay. /[o00amkKkoeo20 6ue4YeHHs nNompe6ye e8naue HeiHIliHUX 4Y/1eHie
3a/1e34CHO 8i0 Yacy 8idXu/1eHHs X8U/1b08020 8eKMOpPA 8i0 8eKMOpa Xeu/1b 6e3 HaxXu1y.

KnwuyoBi ciaoBa: yrempassyk, donniaepiscokuii cnekmp, Memod cuHme308aHoi
anepmypu, KomnayoduHz N/AACKUX X8U/ab, ducnepcisi cnekmpa; weudKicmes pyxy
HeodHopidHOCmell.

ABTop M. I'pHIIeHKO 3asIBIISIE PO BiACYTHICTH KOH(IIKTY iHTepeciB. Unen opranizaniitnoro komitery €. bapanHuk
3asBJIS€ TIPO BiACYTHICTh KOHQIIKTY IHTEpeciB Ta HEBTPYYaHHS B MpOLeC OLIHIOBAHHS L€l CTaTTi BIANOBIAHO 10
MDKHApOJAHHUX CTaHJIApTiB MyOuikauiitHoi erku. CroHcopu He Opaju ydacTi B po3poOJIeHHI IOCIiKEHHS; Y 300pi,
aHali3i 4 iHTeprpeTanii JaHuX; y HalMCaHHI PYKOIKCY; B PillIeHH ITPo MyOJTiKaIlif0 pe3y/IbTaTiB.
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BIIJ/IUB EJIEKTPOMATHITHOTO 11011 YACTOTOIO 8 TA 50 I'ny,
HA CKOPOYEHH{ INIAJEHBKOM'AI30BUX CMYZKOK LIIJIYHKA 111YPIB

BcecTryn. Modcausicme eniuey c1a6Kux e/eKmpoMAazHimHuUX noJieé HAOHU3bKUX
yacmom (EMIT HHY) Ha s#cusi 06'ekmu doezuii 4ac euk/aukaaa cyMHieu ma cynepeyku y
docnidHukie. Asie Ha cb0200HI Gioa02iuHI ehekmu esekmpomazHimHUX nojaie doeedeHo
eKcnepumMeHma/abHO HA Pi3HUX pIBHAX Op2aHi3ayii: HaA MOAEKYASAPHOMY, KAIMUHHOMY,
Op2aHHOMY [ CUCMEeMHOMY.

MeToau. YdocaidiceHHi BUKOPUCMAHO MOJeNb BUKAUKAHUX CKOPO4€Hb 2/100€HbKUX
M's3i8 wasXom akmueayii kaavyiegux KaHaaie MeMGpaHu KAIMUH 2/1a0eHbKUX M 's3ie
dodasaHHAM 0o po3uuHy Kpeb6ca cinepkaniesozo po3uuny (KCI 8 kinyegilli konyenmpayii
80 MM). Cmamucmu4Hy 06po6Ky pe3ynbmamie 30ilicHI08a1U 3aA2A1bHONPUTHAMUMU
Memodamu eapiayiiinoi cmamucmuku.

PesyabTaTtu. Jociidyiceno eniue EMII HHY yacmomow 8 ma 50 I'y indykyieio
25 mMKTa Ha cKopodeHHs1 2/1adeHbKUX m'a3ie uuiyHka wypie. Ilokazaxo, wo EMIT HHY
3MIHI0I0OMb cu/y ma Xapakmep 8UK/AUKaHo20 K*-denossipusayieio ckopo4eHHs 2/1a0eHbKUX
M 13I8 UWIYHKA ufypie 4acmomHo3a/1eHCHUM ma 4aco3a/1eHCHUM YUHOM.

B ¥ cH 0 BK M. Baxcaueo, ujo nicasa npununenus eniugy EMII HHY cuna ma xapakmep
CKOpO4€eHHs1 6i0HOB110€MbCs 00 N0O4AMK08020 3Ha4eHHs. Lle ceiduume npo me, wjo edpekmu
EMII HHY Ha ckopodeHHs 2/1a0eHbKUX M'Si3i6 maiomb 380pomHuil xapakmep i He
BUK/IUKAIOMb MpU8aA/1uX peaaxkcayiliHux npoyecie 4u He360pOMHUX NOWKOOXHCEHb.

Knw4yoBi cJoBa: a1adeHbkiM'sa3u, i3oMempuuHe CKOpo4eHHs, 8NIUG e/leKmpomaz-
HIMHUX No0/1i8 HAOHU3bLKUX Yacmom.

Beryn

MOXIMBICTB BILIHMBY CIIA0KHX €IEKTPOMATHITHUX OB HaHU3bKUX YacTtoT (EMIIT
HHY) Ha >xuBi 00'€KTH JOBTMI Yac BUKJIMKANA y JOCTIIHAKIB CYMHIBH Ta CYIEPEUKH.
Ame cporomHi  OionoOriuHi  eeKTH  eNeKTPOMArHITHUX  TONIB  JIOBEIEHO
eKCIIEpIMEHTAIFHO Ha PI3HMX PIBHAX OpraHi3allii: Ha MOIEKYISIPHOMY, KIITHHHOMY,
opranHomy 1 cucrtemHoMmy (Martynyuk et al., 2012). BomHouac, He3Baxaroun Ha
eMITIpUYHI JO0Ka3H, €IMHOI 3aralbHONPUIHATOI Teopil, sika 0 MOsCHIOBaJIa TIEPBHHHI
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mexanizmu aii EMIT na 6iomoriuni 00'ekry HokH 1110 HeMae. Ha cboromti DOCaigHUKA
JOTPUMYIOTBCS 1/1€1 1010 BU3HAYAIBHOT POITi 10HIB KaJIbLiIO Ta IHINHX i10HIB Y PO3BUTKY
6ionoriuanx edekris EMIT HHY. IcayroTh nepekoHmBi Joka3u BIUHBY crnabkux EMIT
HHUY Ha kanpliieBuii roMeocTas y KiliTuHax pizaux tumiB (Martynyuk et al., 2012). Ane
He3Ba)kKaloud Ha BeMWKHM MacuB ganux, BIumB EMIT HHY Ha rmmameHbki M'si3m,
CKOpOYEHHs! SKUX KOHTpomoeThes ionamu K™ i Ca*™ (Ratz et al., 2005), 3anuimaeTses
MaJyio BuB4eHHM. Tomy MeToro poboTu crasno pocnimkents By EMIT wactororo 8 i
50Tn Ta imgykmiero 25 MkTn Ha Bumkadi K'-memonspusaiiero  CKOpOYeHHS
DIAICHBPKUX M's3iB IDTyHKAa IrypiB. OOpaHHS LMX 4YacTOT OOYMOBJIEHO IiXHBOIO
oioedexruBHicTio (Martynyuk et al., 2012; Pophof et al., 2023).

MeTtoau

Y Hammx JOCHIUKEHHSX BHKOPUCTAHO MOJIENb BHUKIMKAHUX CKOPOYEHb
[JIAJICHBKUX M'S31B [UISXOM AaKTHBAIlil KaJbIIEBUX KaHAJIIB MeMOpaHU KJIITUH
IIaJeHbKUX M's31B JoaBaHHsAM J10 po3unHy Kpebca rinepkamieBoro posunny (KCly
KiHIeBi# koHIeHTpanii 80 MM). JlomaBaHHs TilepKajli€BOr0 PO34YMHY MPUBOAUTH 0
CKOpOYCHHS IVIAJICHBKOM'SI30BUX KIIITHH 3aBISKM JICTONSPU3ALlii  TUIAa3MaTHYHOL
MeMOpaHH 1, IK HACJIIJIOK, ITOTY»KHOI'O BXOY KaJIbI[iI0 Yepe3 aKTUBOBaHI MOTEHIIal-
KepoBaHi KaJibilieBi kaHau. [Ipenapary riaeHbKUX M's31B TOTYBaJIH 31 IITYHKA OLTHX
Oe3nopomHuX 1IypiB. [J1aeHHKOM'SI30By TKAaHHHY KOpITyca ILTYHKA MPOMHUBAIH Ta
BIIYMIIAJIM BiJ CHONYYHOI TKAHMHM B HOpMayibHOMY po3umHi KpeOca. Caixo
BUJIYYEHY IJIaJIEHHKOM'S30BY TKaHWHY Hapi3ajll Ha CMYXKH 1,5 MM IIMPHUHOIO Ta
10 MM moBxkuHOI. CMYXKKH BHPI3alld B HANPSMKY PO3TAITyBaHHS ITOB3IOBXHLOTO
mapy TIaACHBKUX M's3iB. 3a JIOMOMOTOI0 YTPHUMYIOBAJIBHUX TadKiB CMYXKKH
3aKpILTIOBAI B GKCIIEPUMEHTANBHIM KaMmepi o0'eMoM 2 M 3 TMPOTOYHHM
HOpMaJIbHUM po3unHOM KpeOca (IIBUAKICTh NpOTiKaHHS 4 MIV/XB), y SKiid 3a
JIOIIOMOI00 T€pMOCTaTa MiATPUMYBaJIM MOCTilHY TemiepaTypy 37 °C. Peecrpariito
CKOPOYCHb CMYXOK TJIaJICHPKUX M'S31B 3IIHCHIOBATHM B 130METPHYHOMY PEKHUMI 32
JIOTIOMOTOI0 TEH30METPHYHOI CHCTEMH 31 CBITJIOHIOMHUM JaTYAKOM PEECTpPaIlii
MEXaHIYHOTO HampyXeHHs, Ky ctBopwim imkenepu HHI] "lactutyt Giomorii Ta
venuiaA" KuiBchkoro HamioHampHOro yHiBepcuTeTy imeHi Tapaca IlleBuenka.
Imnynscae enexTpomaraiTHe mone yactoro 8 1 50 ['m renepyBamu 3a JOIOMOTOIO
koTymku [empmronbiia. CHTHAIM TEHEPYBAJHICS CEPIHHUM TE€HEepaTOpOM CHUTHANTIB
cnemianbHOi (opmu ['6-28. Immynmec EMIT HHY Oynur mpsmoxyTHOT hopmur 31
3MIHHOIO TIOJISIPHICTIO 3a OMMH Tmepionm komwBaHb. [Hmykmiro EMII HHY
KOHTPOIIIOBAMM MikporeciamerpoM ['-79 i MarHitoMerpoMm, y SIKOMY CEHCOPOM
MAarHiTHOro 1monst OyB maTunk Xosuia. Bemwmanaa iHaykuii EMII cranoBmma 25 mMxTom.
Enexrpomaraitauii Gpon y aiamazoni 5 ['m— 20 kI y maboparopii i yac mpoBeneHHs
eKCTIepUMEHTIB He mepeBuiryBaB piBHSA 80 HII, mo Ha [eKinpka MOPSAKIB MEHIIE
inTencuBHOCTI EMI, sika Oynma gocmimpkeHa B ekcriepuMenTi. CTaTHCTHIHY 00poOKy
PE3yNbTATIB 3MiACHIOBAIIH 3aralIbHONPUIHHATUME METOJJAMH BapialliifHO CTaTUCTHKH.

PesyabTaTn

Binmomo, mo ¢{a3oBe ckopodeHHsS 3yMOBIEHE TpPAaH3IEHTHUM BHUBUIbHEHHIM
KaJbI[ilo 3 capKoruia3MaTnyHoro perukynymy (Ratz et al., 2005), Toxi sk ToHiYHE —
BXOIIOM KaJbI[if0 Yepe3 IOTEHIIaIKepOBaHi KambllieBi KaHamm. [larTepHu
CKOPOYEHHS B HAIIIOMY €KCIIEPUMEHTI 32 YaCOBOKO JTMHAMIKOIO OYITH TUTIOBHMH IS
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BUKIMKaHUX K -Ienonsapusaiicro  CKOpOYeHb TIAJEHBKUX M'S3iB  LUTyHKA.
Buknukani CKOpOYEHHS TIJaJeHPKMX M'SI3iB IIUTYHKAa CKIQJAIOThCsA 13 JIBOX
KOMIIOHEHTIB: (Pa30BOro CKOpOUeHHS (KOPOTKOYACHOTO 1 CHIIBHIIIOrO, HIO Mae
xapakrep "cnaiiky") Ta TOHIYHOT'O CKOPOYEHHS (IIOMIpHOTO I1JIaTo).

FoMTpOnS
——EMN 15 xn
—EMMN 30 xo
—NICNANR

KON TPONN
EMI 1Y xn
EMN 30 xe
marmain

| A "
/ .
s | A —\‘\.&.._‘

Sxe

a 0
Puc. 1. Tunosi narrepun Buknkanoro K -nenonsipuzanicio isomerpuunoro
CKOpPOYEeHHS IVIa/IeCHLKOM 'SI30BHX CMY’KOK LITYHKa IIypiB 3a BiacyTHocTi Ail mosst
(xoHTpOIB), micas 15 xB i micas 30 xB BniuBy EMII 8 I'x (a)
Ta 50 I' (0) i micia BUMKHeHHS nons (micjasiis)

EMIT wacrororo 8 I'm (pwmc. 1,a) mpurHiuyBano ¢a3zoBe ckopoueHHs. lle
MIPUTHIYCHHS Majo Jaco3alexHui xapakrep. Ilicnsa 15-xBwmaHOTO BrutnBy EMII
gacToToro § [’y amIutiTy1a cCkopodeHHs 3MeHITyBaiach Ha 13 % BiTHOCHO KOHTPOITIO
(P <0,05, n=12), a micna 30-xpmmHHOrO — Ha 39 % (P < 0,05, n = 12) (puc. 2, a).
EMII gactototo 50 't HaBmaku, 301TBITyBaI0 aMILIITYDy (Da3HOTO CKOPOYEHHS 13
gaco3aIeKHUM xapakrepoM. Ilicmst 15 xB mii EMII ammmityma ckopodeHHS
30umpmryBanack Ha 11 % BimHOCHO KoHTpomo (P < 0,05, n=12), Tomi sK micis
30-xBunmuHHOI Aii — Ha 32 % (P < 0,05, n = 12) mopiBHSAHO 3 KOHTpoieM (puc. 2, 0).

oHTpars $ruiSse Sfal0xe jenage wwrpore  SOFK 1S 30T D

a 0
Puc. 2. 3mina MakcuMaabHOI aMIIIiTYIH ¢a30BOro CKOpoOYeHHsI,
puKjInKanoro K'-gemonsipusauicro, mix srwimsom EMII yacrororo 8 'y (a) i 50 I'u (6)
ynponoB:xk 15 i 30 XxB Ta mic/iss BUMKHEHHS Mo (mic/asiisi) BiTHOCHO KOHTP0JII0
(* — P < 0,05 mopiBHSIHO 3 KOHTPOJIEM.
Jani npencrasneni cepeaniM 3HadeHHAM = S.E.M.; n = 12)
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AMIIIITYAa TOHIYHOTO CKOPOYEHHS MPUHIMIIOBO HE 3MIHIOBANACH MiJ] BIJIABOM
EMII. Yepes 15 xB BoHa 30iu1b1IyBanack Ha 4 %, a uepe3 30 xB —Ha 5 % (P < 0,05,
n=12) (puc. 3, a, 6).

Amnaui3 pe3ynbTaTiB Mmokaszas, mo mix BrumBoM EMIT 8 'y 30i1bImyBaBcs 4ac
JOCSTHEHHS MaKCUMallbHOI aMIUTITyId TOHIYHOrO cKopoueHHs (puc. 4, a). Ilpu
YoMy, SIK 1 il Yac BIUIMBY IOJSl HA CHIIY CKOPOYEHHs, e(heKT MaB daco3aleKHUM
xapakrep: yepe3 15 XB BIUIMBY 4ac 30UIbIIyBaBCs Ha 12 % MOPIBHSAHO 3 KOHTPOJIEM
(P<0,05, n=12), Toni sk uepe3 30 xB —Ha 25 % (P < 0,05, n = 12).

“Tm D00 BrytSas 3 0 = p TR STutden 60200 NN
a 0
Puc. 3. 3mina MakcHMATBbHOI AMILIITYIH TOHIYHOTO CKOPOYCHHS,
pukiaukanoro K*-nenonspusanicto, mix snimmsom EMIT uacrororo 8 T (a) i 50 I'u (6)
ynponosx 15 i 30 xB, Ta micJisi BUMKHEHHS 1o (nmic/isaisi) BiTHOCHO KOHTPOJII0
(* — P < 0,05 nopiBHSIHO 3 KOHTPOJIEM.
Jani npezncrasineHni cepefniM 3HadeHHsMm = S.E.M.; n = 12)

KONTPON BT 150 BTy a0 sn nenans M TPAN SOy them 800y 0 xn T

a 0
Puc. 4. 3mina yacy JocsirHeHHSI MAKCUMATbHOI aMILUTITYIH TOHIYHOT0 CKOPOY€eHHS,
puKjInKanoro K'-gemonsipusauicro, mix srimsom EMII yacrororo 8 ' (a) i 50 I'u (6)
ynponoB:xk 15 i 30 XxB Ta micis BUMKHEHHS Mo (Mic/asiisi) BiTHOCHO KOHTPOJII0
(* — P < 0,05 mopiBHSIHO 3 KOHTPOJIEM.
Jani mpeacrasieHi cepentim 3HadeHHsM = S.E.M.; n = 12)

[licns npunuHEeHHS [ii  €IeKTPOMArHITHOrO TIONS KiHEeTHKa CKOPOYEHHS
MTOBHICTIO BiJTHOBJTIOBAIACH 0 modaTkoBoro 3HaueHHs (P < 0,05, n = 12) (puc. 4, a).
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3a ymoB BBy EMIT wactoToro 50 ['11 3MiHIOBaBCsI Yac OCSTHEHHS MAKCUMATBHOT
aMIUTITYIn TOHIYHOTO cKopoueHHs (puc. 4 6). Ane, Ha BigMiHy Bin edexty EMII
yacrororo § I'll, yac, HaBMaky, 3MEHIIYBaBcsA, MpU YoMy, axX Ha 49 % uepe3 15 xB
BIUIHBY, 1 Ha 42 % — uepe3 30 xB (P < 0,05, n = 12) (puc. 4, 6). [licnsa npunuHeHHS
Iii eIeKTPOMArHiTHOrO TOJs, XapakTep CKOPOYEHHS MaiiKe BiJHOBIIOBABCS [0
3Ha4YeHHs koHTpoto (P < 0,05, n = 12) (puc. 4, 0).

Juckycisi i BHUCHOBKH

EMIT HHY 3MmiHio0Th cuily Ta Xapakrep BHKIMKaHoro K'-memomspusamiero
CKOpOYEHHS IJIaJIeHBKUX M's3iB IUTyHKa IIypiB uacrorozainexkHuMm (8 I'm maio
MPUTHIYYIOUUH Xapakrtep, Tofi 1k 50 '] — akTUBYro4Hif) Ta Yaco3anexHUM (i3 4acoM
ed ekt 30UbIIyBaBCcs) ynHOM. BaxxiuBo, 1110 miciis npunuaeHHs sy EMIT HHY
cujia Ta XapakTep CKOPOYCHHS BiJHOBIIOIOTHCS JIO0 IOYATKOBOrO 3HadeHHs. e
cBimunTh TIpo Te, mo epexru EMIT HHY Ha ckopoueHHs TiaJieHbKUX M'S31B MalOTh
3BOPOTHHUI XapakTep i He BUKIMKAIOTh TPHUBAIMX DPENAKCAI[IfHUX TPOIECIB UM
HE3BOPOTHHX TTOIIKOJKEHb.

Buecok aBTopiB: BikTop MapTHHIOK — KOHIIENITyalli3allisi, METOIONOTIs, aHall3 1 0OroBOpeHHs
nanux; Mapist MelbHHK — eKCIepIMEeHTaITBHI T0CHiKeHHs, 00po0Ka, aHai3 Ta 00rOBOPEHHS IaHUX,
HarmcanHsl Tekcty; IOmis Llelicaep — omisiy cydacHHX JTEpaTypHUX JaHHMX, OOrOBOPEHHS IaHHX,
a/lanTallist TEKCTy 1 PUCYHKIB.

Monsikn, mxepesia ¢iHancyBaHHSI. ABTOPH BHCIIOBIIOIOTH MOASKY I-py Oion. Hayk Omb3i
[{ymOaiok 3a TEXHIYHY KOHCY/IBTALIIHY TOMOMOTY B IIPOBEACHHI JA0CIiPKEHb.
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EFFECT OF ELECTROMAGNETIC FIELD
WITH FREQUENCY 8 AND 50 Hz ON THE CONTRACTION
OF SMOOTH MUSCLE STRIPS OF THE STOMACH OF RATS

Introduction. The possibility of the influence of weak electromagnetic fields of
ultra-low frequencies (EMFs of ultra-low frequencies) on living objects has long caused
doubts and disputes among researchers. However, today the biological effects of
electromagnetic fields have been experimentally proven at different levels of organization:
at the molecular, cellular, organ and systemic levels.

Methods. Our studies used a model of evoked smooth muscle contractions by
activating calcium channels in the smooth muscle cell nembrane by adding hyperpotassium
solution (KCI at a final concentration of 80 mM) to Krebs solution. Statistical processing of
the results was carried out using generally accepted methods of variational statistics.

Results. The effect of low-frequency EMF with a frequency of 8 and 50 Hz induced by
25 uT on the contraction of the smooth muscles of the stomach of rats was investigated. It has
been shown that EMFs of NLFs change the strength and nature of K+-depolarization-induced
contraction of gastric smooth muscles of rats in a frequency-dependent and time-dependent
manner.

Conclusions. Importantly, after cessation of exposure to LNF EME, the force and
nature of contraction return to their original values. This indicates that the effects of
LNF EMF on smooth muscle contraction are reversible and do not cause prolonged relaxation
processes or irreversible damage.

Keywords: smooth muscles, isometric contraction, influence of ultra-low frequency
electromagnetic fields.

Astopu M. Menbhuk Ta 0. Lelicnep 3asBisttoTh po BiACYTHICTh KOHQIIKTY iHTepeciB. YiieH pepakiiiHol Komerii
B. MapruHiok 3asBiisie Ipo BiICYTHICTh KOH(IIKTY iHTEpECiB Ta HEBTPYYaHHs B MPOLEC OLIHIOBAHHS i€l cTaTTi
BIJIMOBIZTHO /0 MDKHAPOTHMX CTaHAAapTiB myOmikamiiHoi etuku. CroHcopu He Opaiau ydyacTi B poO3poOJIeHHI
JIOCITI/DKEHHS; Y 300pi, aHauTi31 UM IHTeprpeTarii JaHuX; y HallMCaHHi PyKOIHMCY; B PillIeHHI PO IMyOJTKAIll0 Pe3ybTaTiB.
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TRANSFORMATION OF FREQUENCY DISPERSION
OF ELECTRICAL PARAMETERS
OF LIVER TISSUES DEPENDING ON STORAGE TEMPERATURE

Introduction. Presented article discusses the temporal transformation of
frequency characteristics of the few of studied electrical parameters of liver tissues during
their storage at temperatures ranging from 2 °Cto 35 °C.

Methods. The cells for the studies were made from the plastic body of a 2 ml medical
syringe. The ends of the cylindrical sample were in contact with a nickel mesh. Nickel
conductors welded to the mesh served as a current collector. Cylindrical samples with a
height of 1.2 cm, a diameter of 2 cm and a mass of 1-1.5 g were placed in a specially designed,
hermetic thermostat 1/120 SPU under the influence of temperatures of 2 °C, 8 °C, 12 °C, 25 °C
and 35 °C for 2, 5, 8, 10 and 14 hours.

Results. Thestudy examines and provides the description of changes in direct current
conductivity, the frequency dispersion of the real component of conductivity, tangent of the
dielectric loss angle within the frequency range of 0.01 Hz to 100 kHz (the beta-dispersion
range) and resonance frequency. The functional relationship between the transformation of
the thermal-time dependence of electrical parameters and the degree and nature of
morphological changes in biological tissues has been established.

Conclutions. Local values and the direction of monotonicity of the polarization
relaxation time function in the studied frequency range can be considered as a criterion for
determining the degree and type of destructive changes in experimental tissues which were
stored in the air at different temperatures and time periods.

Keywords: impedance spectroscopy, liver tissue, conductivity, temperature,
resonant frequency, loss tangent, beta-dispersion, relaxation time.

Introduction

Physical methods for studying biological tissues are effective ways to establish
the relationship between their electrical properties and physical parameters. One of
the fast, non-invasive, easy-to-use, and reliable methods for analyzing the structural
integrity of biomaterial is the method of determining the complex electrical

impedance over a wide frequency range (Schmidt et al., 2016, p. 110-118). The
© Pryimak Taras, Gasyuk Ivan, Chervinko Dmytro, 2024

196 Bunyck 1



MeauyHa ¢izuka - cydacHU# cTaH, Npo6JieMH, HUISIXU po3BUTKY. HoBiTHI TexHoJ1OTii

evaluation of tissue structural integrity under pathological processes or harmful
effects is also within the scope of impedance spectroscopy (Morgan et al., 2019). For
example, in the study (Kenworthy et al., 2018), based on the results of measuring
electrical impedance, the authors constructed equivalent electrical circuits of liver
tissues damaged by aggressive factors, including gamma radiation and thiourea.
Comparing the parameters of the constructed circuits with the results of microscopic
examination of the samples allowed the authors to establish the potential
correspondence of the circuit model elements to specific cellular environments and
structures. Calculating the parameters of the circuits and observing the
transformation of the electrical circuit structure, along with their comparison with
the results of microscopic analysis, allowed the authors to conclude the probable
dependence of structural and parametric study results on the intensity of influencing
factors. In the proposed work, an attempt was made to analyze the frequency
dispersion of complex electrical parameters of liver tissues under the influence of
temperature. The aim was to determine the peculiarities of charge transfer in the
electrolyte subsystem of tissues under different degrees of structural degradation.

Methods

Cells for research were made from a plastic body of a 2 ml medical syringe. The
ends of the cylindrical sample contacted with a nickel mesh. Nickel conductors,
welded to the mesh, served as current conductors. The structure of the experimental
equivalent scheme was chosen similarly to the one we provided in previous works
(Pryimak et al., 2021, pp. 1-11). Cylindrical samples, 1.2 ¢cm high, 2 cm in diameter,
and weighing 1-1.5 g, were placed in a specially designed, hermetic thermostat
1/120 SPU under the influence of temperatures 2 °C, 8 °C, 12°C, 25 °C, and 35°C
for 2, 5, 8, 10, and 14 hours. The acquisition of electrical impedance spectra was
performed using a standard AUTOLAB PGStat 30 spectrometer in the frequency
range of 0.01 Hz — 100 kHz. To reduce the impact of amplitude values of the
measurement signal voltage on the condition of organic tissues, the peak potential
was reduced to 0-5mV. The signal was recorded automatically, and the
dependencies of the real and imaginary values of specific conductivity (¢' and ¢"),
dielectric permittivities (§' and &"), and the loss tangent were constructed and
processed using the Origin software. The frequency dispersion of electrical
conductivity and dielectric permittivity is determined from Nyquist diagrams using

formulas (4, 5). Electrical conductivity is determined by the formula:

1 S

G:;:E, (1)

where Z*, p* are the complex impedance and specific electrical resistance,
respectively, and S, [ are the area and thickness of the sample, respectively; o = 2xf,
go is the electrical constant, and j =+/—1. From the diagram, ¢' — (6" — €0g.0) (& is
the dielectric permittivity at high frequencies) in the low-frequency region, the value
of specific direct current conductivity c4c was determined at different temperatures.
The value of & is determined from the Cole-Cole diagram (Tarasov, & Titov, 2013,
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p. 352-356) £" — €' by approximating the experimental curve to the intersection with
the abscissa axis (Olekhnovich, Radyush, & Pushkarev, 2012, pp. 2236-2242).

The real €' and imaginary &" dielectric permittivities are determined by the
formulas:

r_ P”(‘D)
& @) ()2 e0w’ 2)

"_ p,(m)
3)

(" (@) (P (@) E0w
The frequency dependence of the real component of complex conductivity is
determined by the formula
' _ pr(w)
OO @y @ @
The frequency dependence of the imaginary component of complex conductivity
is determined by the formula

" — p/1(w)
0"(©) = @y @) (5)

Results

Experimentally obtained Nyquist diagrams of the studied samples for different
temperatures stored for 2—14 hours are shown in Fig. 1. The frequency range of the
obtained spectra is 0.01 Hz to 100 kHz. Z' and —Z" are the real and imaginary
components of the impedance, respectively. The high-frequency sections of the spectra
are shown in the insets, with arrows indicating the directions of frequency increase.

Decrease in both the real and imaginary parts of the complex impedance was
observed across the entire range of measurement frequencies (Fig. 1). The overall
appearance of the impedance spectrum, with a clearly defined polarization branch
whose slope decreases with decreasing frequency, corresponds to the equivalent
circuit model described in previous work (Pryimak et al., 2021, pp. 1-11). This
model includes three R-CPE elements in the initial stages of destruction or two R-
CPE elements in the final stages, which aligns well with the charge ion transport
model in an ordered system containing a number of equivalent elements
corresponding to the number of homogeneous regions.

Using relation:

. 1 1 R'—iR" R’ . R"
R=R+iR",0=c=m = r = o — Lz g

! n
)

R R o
where ¢’ = T ando’' = iz Are the real and imaginary parts of the system's

complex electrical conductivity, respectively. The dependencies o'(w) for the
selected group of temperatures are shown (Fig. 2). It can be noted that there is a
gradual increase in conductivity with increasing temperature and frequency
(Fig. 3a). On the other hand, there is a sharp increase in conductivity at 308 K during
the 14-hour exposure, with the conductivity level remaining stable for other
temperatures within the same time interval (Fig. 2b). The selected frequency range
of 0.01 Hz to 100 kHz corresponds to low-frequency ion polarization mechanisms
depending on their location relative to the plasma membrane (Abasi et al., 2022,
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pp- 495-516) and the passage of current through it (Dean et al., 2008, pp. 165-177),
which corresponds to o-dispersion. This result can be caused by an increased
concentration of ions accumulated over a long period of temperature exposure in the
membrane damage zone.
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Fig. 1. Impedance spectra of liver tissues stored at a) 271 K, b) 308 K
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Fig. 2. Conductivity spectra dependence on the frequency of liver tissue samples
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In order to understand the characteristics of dipole reorientation processes under
the influence of an alternating external sinusoidal electric field, the values of the
dielectric loss tangent were calculated. The graphs of the dependence tg8(w) are
presented in Fig. 3. Nature of the dependence of the loss tangent on frequency is
extreme. The increase in the minimum value of the loss tangent over time is due to the
formation of a large number of dipoles of a certain size due to extensive destruction
(Fig. 3a-b). Histological analysis of the samples under such temperature shows the
formation of local tissue destruction, blurring of hepatocyte contours in liver samples,
and an increase in intercellular spaces, which may indicate plasma membrane
destruction and, consequently, a decrease in resistance and increased permeability.
This is reflected in the change in the structure of the equivalent circuit from six- to
five- and four-element models, particularly at 308 K (Pryimak et al., 2021, pp. 1-11).
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The high-frequency region of the spectrum is shown in the inset

Increase in temperature, besides causing membrane destruction, is reflected in the
increase in the loss tangent and resonant frequency, which is due to the increased
number of small-sized dipoles, which can be parts of membrane components and
elements of intracellular organelles. This corresponds to the reduced values of the
CPE and R parameters of the samples under the influence of 298 K and 308 K,
compared to intact samples (Pryimak et al., 2021, pp. 1-11). Additionally, at high
temperature, membrane destruction results in a large number of dipole polarization
sources, which also contributes to the increase in wes. Thus, the processes of tissue
destruction under the influence of temperature, as a whole, are reflected in the
decrease of the complex impedance in both its real and imaginary parts, which can
be related to structural membrane destruction, thereby increasing its permeability
(Fig. 2a-b). In turn, increasing of the concentration of charge carriers, both external
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and internal, in the destruction areas contributes to the increase in conductivity
(Fig. 2a-b) in alternating current, and the disappearance of distribution boundaries,
which causes greater mobility of the accumulated ions. Elements of the destroyed
membrane and the high concentration of ions leads to the formation of a large
number of dipoles (Fig. 3a-b) of sufficiently small size, observed when an external
alternating electric field is applied.

Discussion and conclusions

The study of the Nyquist diagram parameters of liver tissues stored over a certain
time range at different temperatures confirms a two-stage destruction process. In the
first stage, there is a change in the concentration and composition elements of charge
carriers without prominent signs of morphological structure destruction. The second
stage involves structural changes and evidently leads to irreversible destruction.
Storing liver tissues at low temperatures (275-285 K) leads to minor changes in the
ion subsystem, whereas increasing the temperature and duration of storage leads to
significant tissue changes, which, in turn, is reflected in the kinetics of impedance
spectrum parameters. The main indicators of the nature and degree of destruction
can be the resonant frequency determined from the frequency dependence of the
dielectric loss tangent. In the initial stages of destruction, the time dependence of
wres has a decreasing character. The second stage of destructive changes is
accompanied by a temporal increase in this value. This characteristic may, in the
future, become a technologically controllable parameter for developing a rapid and
non-invasive method for characterizing overall damage, potential changes in ion
composition, and the degree of destruction of both cells and organs as a whole.
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TPAHC®OPMAIIIA YACTOTHOI JUCNEPCII ETEKTPUYHUX TAPAMETPIB
TKAHHWH INEYIHKH 3AJIEXKHO BIJI TEMIIEPATYPH 3BEPITAHHA

BcTyn. Memod cmeopeHHs1 cXeM 3aMiujeHHs, SIKUUl aKmueHO BUKOPUCITOBYEMbCS 8
6ioiMnedaHCHUX 00C/1i02#CeHHSAX, He38aMdCca4vu HA B8iIOHOCHY Npocmomy 8UKOPUCMAHHS, He
do3eoa5€ chopMysamu 3a2a/1bHY XapaKmepucmuky npoyecie mpaHcnopmyseaHHsi ioHie y
MKAHUHHOMY cepedosuuyi npu 8UKOPUCMAHHI 3MIHHO20 e/1IeKMPU4Hy Cmpymy ma 3a ymosu
HasieHocmi pyliHieHo20 énsuey. Y nponoHoeaHitl po6omi 3dilicHeHo cnpo6y aHai3y YacmomHoi
ducnepcii KOMNJIEKCHUX e/eKMpU4YHUX napamempie mMKaHUH neviHKU nid enaueom
memnepamypu (2-35 °) 3 .Memow 8cmaHoe/1eHHsl 0co61u8ocmeli nepeHeceHHs1 3apsidie & it
e/siekmpoaimHitl nidcucmemi mkaHuH 3a pizHux cmynetie cmpykmypHoi dezpadayii.

M e T 0 A u. Komipku 0415 docaidrtceHb 8U20Mo6.15/1U 3 NAACMUK08020 KOpnycy Medu4H020
wnpuya 06'emom 2 ma. Topyi yuniHdpu4Ho20 3pa3ka KOHMakmyea/u 3 Hikes1egoio cimkoio.
Cmpymoegideodom ci1y2yeanu Hikeseei npogidHUKuU, npusapeHi do cimku. LjuaiHdpu4Hi 3pasku
eucomoio 1,2cm, diamempom 2cm ma wmacow 1-1,52 nomiwyaauce y cneyiansHo
cKkoHcmpyliogaHutl, zepmemuy4Huli mepmocmam 1,/120 CITY nid ens1ue memnepamyp 2 °C, 8 °C,
12 °C, 25 °C ma 35 °C npomszom 2-x, 5-mu, 8-mu, 10-mu ma 14 200.

PesyabTaTu. Po3zaaHymo 3miHu npogidHocmi 3a nocmiliHozo cmpymy, 3
yacmomHow ducnepcielo dilicHoi cknadogoi npogidHocmi ma maHzeHcOM Kyma
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diesekmpuyHux empam y dianazoni yacmom 0,01 I'y - 100 kI'y (diana3oH B-ducnepcii).
BcmaHossieHO 38'130K mpaHchopmayii mepmouacosoi 3asexcHocmi eqseKmpu4dHUxX
napamempie gid cmyneHs ma xapakmepy Mopgho.102iYyHUX 3MiH y 6i0102i4Hili MKaHUHI.

BucHoBKku. llokazaHo, W0 /10KAAbHI 3HAYEeHHs1 Ma HANpsAIMOK MOHOMOHHOCMI
gyHkyii yacy nosaapusayiiinoi pesaakcayii y 0docaidyicysaHomy diana3zoHi uacmom
BUMIpIOBAHHS CcneKmpie e/eKmpu4Ho20 imMnedaHcy Modce c/ay2yeamu Kpumepiem
cmyneHsi ma muny decmpyKmueHuUX 3MiH mMKaHUH ne4iHku npu ii 36epizanni 8 ammocdgepi
noeimps 3a pi3Hux memnepamyp.

Knw4oBi ciaoBa: imMnedaHcHa cneKkmpockonisi, mKaHUHU ne4iHKU, npogioHicmb,
memnepamypa, pe3oOHAHCHA 4acmoma, maH2eHc Kyma empam, Gema-oucnepcis, 4ac
pejaakcayii.

Agropu T. Ilpuiimak, 1. I'actok Ta J[. YepBiHKO 3asBIIFOTH PO BiICYTHICTh KOHQIIKTY iHTepeciB. CrIoHCOpH He Opastu
ydacti B po3poOJIeHHI TOCIIDKEeHHS; Y 300pi, aHai3i M iHTepHpeTalii JaHUX; Y HAINCAHHI PYKOIHUCY; B PIlICHH] PO
myOJTiKAL[iF0 Pe3yIbTaTiB.
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MOJUPIKALIA OIITUIHUX CIIEKTPIB
TA IUTOCTATUYHOI AKTUBHOCTI
JAOKCOPYBIIHHY IOHI3YIOYUM OITPOMIHIOBAHHAIM

Bcryn. Jocaidxcyiomecs 3akoHOMipHOcmi en/ugy nonepedHs020 ONpPOMIHEHHS
esekmpoHamu ¢pi3io102i4H020 po34uHy Ha onmu4Hi I yumomokcuuHi enacmueocmi
¢pizion02iuH020 po34YUHY mMa po34UHEHO020 8 HbOMY AOKCOPY6iyuHy 3 Memoi nidsuujeHHs
ixHvoi yumocmamu4Hoi edhekmueHocmi.

MeToau. Enepeia enekmpoHie onpomiHeHHs dopieHioea1a 1 MeB, noeauneHa do3a
6yna e medxcax (2..80) kIp. Bysio 3apeecmpoeaHo, Wo 6eAUYUHA NO2AUHEHOi do3u
onpomiHeHHs1 8N/1UBAE HA ONMUYHI Xapakmepucmuku ¢Hi3ios102i4H020 po34UuHy 8 YD,
eudumomy i e I4-diana3oHi. 3mMiHU y cnekmpax ekcmuHkyii gpizioso2iuHo20 po3quHy
3a.1escanu Ak 6id no2AuHeHoi do3u, mak i 8id d08xcUHU ceim/1080i xeuii.

PesyanbTaTu. BcmaHosiaeHo, wjo padiayilino 06ymoeaeHi 3miHU 81acmueocmeli
eKCmuHKyii ma yumocmamuyHoi akmueHocmi onpomiHeH020 ¢hizioa102i4uHO20 pO3YUHY
mpugaioms 2-4 micayi 3aaexcHo 8i0 eeauduHu noz/auHeHoi do3u. IlokasaHo, wjo
iHmeHcusHicmo ¢h1yopecyenyii pizionoziuHo20 po3yuHy, BUKAUKAHOI 36YIHCEHHAM HA
doeaxcuHi xeuni 260 HM, docsi2ae HAGIILUIO20 3HAYEHHSA 3d 8eJAUYUHU NO2/JAUHEHOi 003U
onpomiHenHs (10..40) kIp. /losedeHo, wjo nosoxceHHs1 cmyz cnekmpie dh1yopecyeHyii
3aaexcums 8i0 seAUMUHU no2AuHeHoi do3u. BcmanoesneHo, uwjo, He3eadicaryu Ha
nepe6ydogy yenmpa dayopecyenyii, o6ymoeseHy padiayiliHumMu OnpoMiHeHHAM,
Ki/bKicmb cMy2 cnekmpie 3a1uulaemuscst cmaJon.

Bu cHoBKU. Bysno nokazaHo, ujo nonepedHe onpomiHeHHs1 PP neped po3HuHeHHAM y
HbOMy doKcopy6iyuHy npugodums do nocusaeHHA 1020 yumocmamuyHoi akmusHocmi. Lleti

© 3a6o0s10THHMIA Muxaiino, AciamoBa JliogMmuIia,
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efhekm HaiiGinbw eupadiceHUull 3a 8i0HOCHO HU3bKUX KOHYeHmMpayiii dokcopy6iyuHy e
po3yuHi. MiHimansHa 0o03a nozauHeHoz20 dpizionoziyHumM po3yuHom padiayiiiHozo
onpomiHeHHs1, 3a AKoi (hikcylomubesl 3mMiHU cnekmpie po34uHy dokcopy6iyuHy, dopieHioe 4 kI'p.

Knw4yoBi caoBa: dokcopy6iyuH, yumomokcuuHicms, ¢piziono2iyHuii po3quH,
B8UCOKOeHepz2emMuYHI e1eKMpPOHU, ONMUYHi cneKmpu, KapyuHoma.

Beryn

JlocBin 3acTOCyBaHHSI MPOTHITYXJIMHHOI XiMiOoTeparnii Mmoka3aB OOMEXKEHICTh ii
MOXITUBOCTEH 1 HHM3bKY €(QEKTHBHICTH NHpH JIKYBaHHI MICIIEBO-TIOIIMPEHUX 1
JMCEMIHOBaHUX ()OPM 3JIOSKICHUX HOBOYTBOPEHB. Y 3B'SI3KYy 3 MM BH3HAuUEHHS
HOBHX OIOJIOTTYHO aKTHBHUX MaTepiajiB, JOCTIIKCHHS iXHIX (I3UKO-XIMIYHHX Ta
TeparneBTUYHUX BIACTUBOCTEH, B3aEMO3B 13Ky M)k HIMHU Ta CTBOPEHHSI Ha TX OCHOBI
e(EKTUBHUX 1 MAIOTOKCHYHUX MPOTUIYXJIMHHUX MPENapariB € OMHUM i3 HAHOLIbII
aKTyaJIbHUX 3aBJiaHb Cy4acHOi (i3MYHOi MEOUIIMHW Ta MPAKTHYHOI OHKOJNOTil
(Mitola, Falvo, & Bertolini, 2021, pp. 1131-1145). Onyomnikosani nani (Aslamova
et al., 2023, pp. 149-152) mnokazanu MepCHEKTUBHICTh HEPYHHIBHOIO CHOCO0Y
Momudikamii sk (GI3MYHMX, TaK 1 TEPANEBTUYHUX BIACTHBOCTECH, JESIKUX
MPOTUITYXJIMHHMX ITpenapariB 6e3 3MiHM IXHBOTO XIMIYHOTO CKJIay.

Memoio pobomu € HOCITIHKEHHS B3a€MO3B'3KY MK ONTHYHHMH CIIEKTPaMU Ta
IUTOCTATUYHOI0 AaKTHBHICTIO JIOKCOpYOilnHy, po3unHeHoro B PP, skuit Oy
[IOIIEPEIHBO ONPOMIHEHUI BHUCOKOEGHEPTeTUYHHMHM €JIEKTPOHAMH, IO MOXE
3a0€31MeYnTH 3MCHIIICHHS T030BOT0 HABAHTAXKCHHS JTOKCOPYOIITMHOM B OHKOJIOTIT i
00yMOBUTH MiHIMI3aIlif0 TOOIYHUX HETAaTUBHUX €(EKTIB IMPH HOro 3aCTOCYBaHHI.

Metoau

VY mpoueci gociipKeHb BUKOPUCTOBYBaBcs PP y repMeTHYHUX CKIITHUX aMITyIax
5 mu1. Po3unHM nipenapariB TOKCOPYOIITHH BUTOTOBIISIIH 3 TTOPOIIKY JTOKCOPYOIMHY
(Sigma, CHIA) Ta d¢iziomoriunoro po3zunHy (PP), moBoasum KOHIEHTpAIIiIO
aKTUBHOTO Ipernapary 10 5 mMr/mir. OnpoMiHEeHHS BOTHOTO PO3YHHY XJIOPUAY HATPIitO
@®P mpoBomunmm enekrpoHamu 3 eHepriero 1 MeB Ha pesonancHomy mniHiiTHOMY
MIPUCKOpIOoBadi enekTpoHiB "Apryc" (TpuBaiictb iMmyibciB — 3,3 MKC; 9acToTa
imoyneciB — 400 I'm) y mabopatopii pamiamiiHnx TexHomorid [HcTuTyTy (i3nkm
HAH VYkpainu. Benmnunaa nornmuaenoi go3u (/) 6yna B mexax (2 ... 80) xIp.

CrekTpu TOIMTMHAHHS PO3YMHY JOKCOpyOimmHy y @P peectpyBamm 3a
noromororo  [Y-cmekrpomerpa @yp'e (Bruker IFS 66, Himeuunna) Tta
cnekrpodoromerpa 3 mpucTaBkoro audysHoro Bimourrs UV-260 Shimadzu.
@OiyopecieHito 3pa3kiB  BHUMIPIOBAIM 3a JIONIOMOTOK)  CIEKTPOodIIyopuMeTpa
CaryEclipse  (Varian). Jlns  gocmimkeHHS  IIMTOCTaTUYHOI  aKTHBHOCTI
BHUKOPHCTOBYBJIN KIITUHH KapunHomH JereHi JIptoic (LLC).

bioMennyna wacTMHA IOCTIDKEHb MPOBOAMIACH 3TiJHO 31 CTAaHIAPTH30BAHOIO
MeToaukor (3abomorHuil Ta iH., 2022, c. 131-139). bynu mpoBeneHi cremianbHi
JOCHI/DKEHHST IIOA0 BHM3HAYEHHs BIUIMBY IONEPEnHbOro onpoMiHeHHs PP Ha
MPOTUIYXJIMHHI BIACTUBOCTI PO3UMHEHOr0 B HHOMY J10KCOpyOinmHy. Exciepumentu
MIPOBOMIIHCH i7 Vitro 3a BUKOPUCTAHHS JIHIT 3IIOAKICHUX KIIITHH KapIIMHOMH JIeTeHi
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JIproica (LLC). Sk moka3HUK (apMakoNoridyHOl aKTUBHOCTI BHKOPHCTOBYBAJIU
LOUTOTOKCUYHY / IUTOCTaTHUHY [0 BOAHUX PO3YMHIB IPOTHITYXJIMHHUX MTpenapariB
(3 ompoMiHeHHsM Ta 6e3 Hhoro) oo krituH LLC y mocnigax in vitro. J{ns mporo
OyXJIMHHI KITITHHA BHCAJPKyBajdW B JIYHKH 96-TyHKOBOi Iuianmerd B 0,1 ma
NOKUBHOTO cepenouia (2x10° KiIiT./Mi) Ta inKyOyBau npoTsrom Houi. Ilicns Toro
J0 KITHH nomaBanu mpenapatd B 0,1 M CBDKOrO cepeloBHINa y IIHPOKOMY
Jliana3oHi KOHIEHTpalil, sSKi MPOrpecuBHO 3MEHIYBaicA. Y KOHTPOJIBbHI JYHKH
JIO/IaBaJTU CBIKE CEPEIOBUIIE B TAKOMY K 00'eMi Oe3 TecT-areHTa. KiTbKiCcTh )XKUBHX
KIIITHH Yy JyHKax 4epe3 Jo0y iHKyOamii Bu3Hadamu 3a gonomororo MTT-tecty
(3abonorHuii Ta iH., 2024, c¢. 1001-1008).

Pesynbrarn

Brme onpominenHss Ha BrnactuBocti ®P imroctpye puc. 1, me HaBenmeHi
creKkTpaiipHi 3anexkHocTi ekcTuHKIIl (E) OP y Buanmomy Ta Y®-miana3oHi Bix
BEJIMYMHU TIOTIMHEHOT JI03H.

VY niama3oHi NOMTMHAHHS BAJICHTHUX KOJIMBaHb MoneKysipaux rpyn OH-NH-CH
(38002400 cm ") 6aummo (puc. 2) icTOTHE 3pOCTAHHS iIHTEHCHBHOCTI ITi€l CMYTH B
ycix 0e3 BUHATKY 3pa3kax 3 onpoMiHeHuM ®P. CriocTepira€TbCss BUCOKOYACTOTHUI
3CyB MaKCHUMyMy Ili€l CMYrH BiJHOCHO CMYTH TIIOTJIMHAHHS JIOKCOPOOINMHY B
HeonpoMiHeHoMy DP.

Oxkpemo Oynu mipoBeneHi pocmimkeHHs [U-CrieKTpiB MOITMHAHHS 32 HEBEIUKHX
3HaYeHb 103U noruHeHoro MP onpoMiHeHHS. Byimo mpoBeeHO MOPIBHSHHS CIIEKTPIB
TIOTVIMHAHHS JIOKCOPYOINMHY B HEONPOMIHEHOMY Ta OMNPOMIHCHOMY PO3YHHHHKY 3a
1=2 Tta 4xlp. Onepxani maui mocmimkeHs B [U-miama3oHi cIieKTpa TOKa3ald, IO
MIHIMAJIBHOIO JI030F0 MOIJIMHEHOIO PO3YMHHUKOM BHCOKOEHEPTETUYHOIO eJIEKTPOHHOIO
OITPOMIHEHHSI, 32 SIKOI PEECTPYIOTHCSI 3MIHU CITEKTPa TOIHHAHHS, € 4 KI .

100 4
o) =
f 4
=
=
= - =10«klp
w — 20kp
- = 40«kp
- = 60klp
104 —— 80«klp
1

260 3(‘)0 4(|)0 560 660 7(')0 860
2(HM)
Puc. 1. Y® Ta Bugumi ciektpu noriiuHanas @P y gsorapudpmiunomy macmradi
3a pi3HUX 3HAY€eHb NOIJTMHEHOI 1031 eJIeKTPOHHOIO ONPOMiHEHHS.

(Kpusa | oneprxana 6e3 onmpoMineHHsI, 2 — i 9ac normuHeHoi mo3u 10 kI, 3 — 20 xIp,
4 —40 xIp, 5—60 x[p, 6 — 80 xIp)
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Puc. 2. FTIR-cnekTpyn norimHAHHA 10KCOPYOinMHYy, po3unHeHoro ®@P 3a piznux 1.
(Kpusa | xapaxrepuzye normunanss 3a [ = 0 xI'p, kpusa 2 oxepxana 3a /=10 xI'p,
kpuBa 3 — 40 I, xpusa 4 — 80 xIp)

Jliist oneprkaHHs 10AATKOBOT iH(OpMAIIii PO BIACTHUBOCTI CHIOBHX 1IeHTpiB P, 1110
BU3HAYAIOTh XapaKTEPUCTUKK ONTHYHO IHAYKOBAaHMX IIEPEXOdiB, Oyia MOCIipKeHa
tyopecriertis P 1 BIumB Ha HEl ompomiHeHHs enekrpoHamu @P. Ilig dgac
JOCITIHKEHHS (MITyOpeCIIeHITli BUKOPUCTOBYBAJIACH J03a CIEKTPOHHOTO OIMPOMIHCHHS,
sika popiHioBaa 10, 40 Ta 80 xIp. [JomkwHa XBWI 30YyMKYyBaJbHOTO Jiazepa
nopisHioBanaa A = 260 aM. Criekrpu GuyopecIeHIIiT PeacTaBIeHo Ha puc. 3 Ta 4.

300 400 500 600 700
20 1 1 1 I
154 -
2
o bl VTR
= 10 -
=
! 1
- _
0 T T T : r
300 400 500 600 700
7 (HM)

Puc. 3. Opurinanbhi cnektpu inTeHcuHocTi (J) puryopecuenuii @P
He onpomineHnoro 3pa3ska (1), 3pazka 3 /=10 xI'p (2) Ta =80 xI'p (3)
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400 S00 2mwm)
Puc. 4. Cnextpu inTeHcuBHOCTI (KpuBi 2 i 3 npeacraseHi Ha puc. 3)
nicas WyMONPHTHiYeHHS

Oco0MUBICTIO ONIEp’KaHNX CIIEKTPIB € HAHOUIbIIIA IHTEHCHBHICTD (TyOpecIIeHIlil, o
PEECTPYEThCS Y 3pa3ka 3 HaWMEHIIMM 3HAYeHHSAM [ ONpPOMIHEHHMX 3pa3kiB. byio
BHUKOPUCTaHO po3mnoiam JlopeHna min yac aHaiizy crekrpi uiyopectieHiii (puc. 3),
OJIepIKaHMX TIICIISL OMpOMiHeHHs (curHai (UIyopeciieHIlii He ONPOMIHEHOro 3pa3ka He
peecTpyeThes Ha (OHI TTyMy). 3BaKAIOUM HA 1€ MPHUITYIICHHS 1 TICI TT030aBICHHS
IIyMYy, CIIEKTpH (GIIyopeciieHIIil OyayTh MaT CTPYKTYpPY, HaBeneHy Ha puc. 4. ['padiku
puc. 4 cBimUarh, IO BCi CHEKTPH (ITyOpPECIICHITIT MOXKHA TPEICTABUTH Y BUTIIIL TBOX
cuMeTpuyHnX posroninis JlopeHta, meHTpu sikux Ai([) > (/) 3anexars Bim 1
Pesynbratu ocnipkeHs BIUIMBY onpoMiHeHHST P Ha IMTOTOKCHYHY / TUTOCTATUYHY
IO TOKCOPYOIITMHY LTFOCTPYIOTH 3JIGKHOCTI Ha pHC. 5.

Ha pwuc. 5 mokazano, mo iaky6amis kiaitua LLC npotsrom 24 rox 3a HassBHOCT1
JOKCOPYOIIIHY, po3unHEeHOoro B HeornpoMiHeHoMy DP, mpu3BoaAnTh 10 3al€KHOTO
Bil KOHIIEHTpAIlii 3MEHIEHHS KUTBKOCTI >KMBUX KiiThH (kpmBa 1). Bommowac
JOKCOpYOIIH, PO3YMHEHWH B ompoMiHeHoMY PP, mpu3BOAWTH [0 TOCHIICHHS
IIUTOTOKCUYIHOI / IUTOCTATHYHOI [ii, sSKa HAHOUIbIIE MPOSBIETHCS 3a HHU3BKHUX
KOHIICHTpaIIii (KprBa 2): 30KpeMa, KiTbKIiCTh )UBHX KITHH LLC 3a KOHIIeHTpaIIii,
MeHIMX Bix 3 MKM, 3MeHmmnacs B cepegHboMy Ha 20 % mMOpiBHSIHO 3 Ii€r0
JOKCOPYOIIIHY, pO3dnHEHOro B HeonpoMineHoMy DP.

Puc. 6 imocTpye pe3ynbTaTH TMPOBEINSHHUX OIONOTIYHUX JIOCTiIKEHb, SKi
MOKa3aldHd, IO ONMPOMIHEHHS BHCOKOCHEpTeTHYHUMH enekTpoHamu OP  6e3
JIOIaBaHHS JIOKCOPYOIIMHY OOYMOBIIOE BUPKEHY ITUTOTOKCUYHY / TUTOCTATHYHY
fioro Airo, eheKTUBHICTH SKOI 3aJIEKHUTH Bl TEPMiHY MiCIIs ONPOMiHEHHS. SIK BHIIHO
Ha piarpami puc. 6, BmXMBaHiCTh NyxJmHHMX KinithiH LLC y cepemoBumi 3
nonaBanHsM OP, ompoMiHEHHS SKOTO TPOBOAMIIOCH 3a 1 MicsAllb 7O MPOBEINEHHS
KYJIBTYPaJbHHX JIOCITIDKEHb, 3HHKYyBasach Ha 83 %, a uepes 4 micsani — 22 %.

TakuM YMHOM, OTpUMaHi Pe3yNbTaTH MiATBEPKYIOTh 3IATHICTh BHUCOKOEHEpre-
TUYHOTO EJIEKTPOHHOTO OINPOMIHEHHSI PO3YMHHUKA TiIBHIYBATH (HapMaKOIOriuHy
AKTUBHICTh TIPOTHITYXJIMHHNX TIPETIApaTiB y Jiara3oHi HU3bKUX KOHIIEHTPAIIii.
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Puc. 5. Kinbkicts (V) skuux kiitun LLC (y % Bix BignoBinnoro nokasHuka
B KOHTPOJIBHUX JIYHKAX) Micas1 24-rofMHHOI iHKy0awii 3 10KkcopyOilmHoM
(3a pi3HMX KOHUIeHTpauiii X), po3unHeHuM y HeonpoMiHeHoMmy (1)

Ta onpomineHomy 40 xI'p (2) PP

120

N
100 - I

80

60
40

20

: i
1 2 3
Puc. 6. Bnjius onpominennss ®P Ha BH:KMBaHiCTh KJIITHH KapuuHoMH JereHi JIsioic

(1 — ®P Ge3 onpominenns, 2 — yepe3 1 micaupb micas onpominenns (I =40 xI'p),
3 —uepe3 4 micsaui (I =40 xI'p)

JHonatkoBa inopmarist Oyma ogeprkana B pesynsrati mposeaenoro TOB "HOpis-
®apm" nocmimxenns "llopiBHsITEHE TOCTiIKEHHS TOCTPOi TOKCHYHOCTI Mperaparis
XJIOPUIy HATpil0 MpH OXHOPA30BOMY MapeHTEepajbHOMY BBeleHi mumam" (pik
BukoHaHHA 2023, Homep mocmimkenns: Ne 01082023). ¥V pesynbrari nmpoBeIeHUX
JIOoCTiKeHb Oyrno 3pobimeHo 8 BHCHOBKIB. OCTaHHIA 13 HHUX CTBEPIKYE, IO
"Pe3ynbraTti MpoBENEHOro JOCHTIHKEHHSI HE HAaJaloTh NEPEKOHIMBHUX JaHHUX, AKi O
CBIIYMIM MPO BiAMIHHOCTI MpOQiNiB TOKCHYHOCTI AOCHIIKYBaHUX Hpenaparis.
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3Bakarouu Ha BUCOKUH PiBEHb CTPYKTYPHOI MOAIOHOCTI TOCTIIKYBaHUX PEIOBHH, 3
METOI0 BHSIBJICHHS BiIMIHHOCTEH iX BIJIMBY PEKOMEHJOBAHO 3aCTOCYBaHHsSI OUTbII
YYTAUBUX METOMIB AOCIHIPKEHHSA. 30Kpema, AOCTIKEHHS LUTOTOKCHYHOCTI Ha
KYJIBTYpax KIITHH Pi3HOTO OPraHHOTO MOXOMKEHHS "

Juckycisi i BUCHOBKHU

1. Hocnimxeno edext Mmoandikaiii MUTOCTATUYHOI aKTUBHOCTI TIOKCOPYOIIMHY
il Yac BUKOPUCTAHHS MONEpeaHboro onpoMineHHss OP enexrpoHaMu 3 eHeprieio
1 MeB i no3or0 nornmuaeHOro onpoMineHHs B Mexax 10-80 k['p Ta 3anpornoHoBaHO
MOSICHEHHsT e()eKTy 3a JOMOMOrOK Mojeli 0aOCTOHIB 3 OI[IHIOBAaHHSIM BIUIUBY
CYCIZIIB Ha PO3IMOJILT €ISKTPUYHOrO MOJisi 0aOCTOHY.

2. Bukopucrannst monepenHbo onpomineHoro ®P  okcopyOilHy 3MiHIOE HOro
CIIGKTP eKCKTHHKIIl. MiHIMalbHA /1032 TONIMHEHOIO PO3YMHHHKOM BHCOKOCHEp-
TeTUYHOTO eTeKTpoHHOro onpoMineHHs (1 MeB), 3a sixoi ¢ikcytorbes 3miau [U-criexrpiB
PO3YMHEHHX B HUX Tperiaparis, qopiBHIOE 4 K[ P.

3. Crextpu diryopecueniiii ®P npu 30ymkenHi iioro cpitiaom A = 260 HM MOXHA
MPEICTABUTH Y BUIISL JIBOX CHMETPUYHHUX po3noniiniB JlopeHna, HMEeHTpU SKUX
M) > Ao(1) 3anexars Bif 1.

4. BrumiB BHCOKOEHEPTeTUIHOTO eNieKTpoHHoro onpominenHs OP na [U-ciextpu
Ta IIUTOCTATUYHY aKTUBHICTh JIOKCOPYOIMHY 30epiraeThesi yIpomoBxk 2—4 MiCSIIiB.

5. llurocTaTyHa aKTUBHICTH JIOKCOPYOIIIMHY, PO3UMHEHOTO B ONPOMIHEHOMY
®P, mepeBuIlye IMTOTOKCHYHY / IUTOCTATHUHY Jif0 1momo kimitiH LLC
JIOKCOPYOIITMHY, pO34MHEHOro B HeonpoMineHoMy @DP. KimbKicTh KMBUX KIITHH
LLC nig BrmmBoM onpomiaeHoro @P nokcopyOimuHy 3a KOHIICHTPAITii, MEHIITHX Bif
3 MxM, 3menmmnacs mo 20 % (3amexHo Big /) TOPIBHAHO 3 BIAIOBITHUM
TTOKa3HHUKOM 3a He orpoMineHomMy DP.

6. JloBemeHo, 10 EKCTpeMyMH crekTpa mornuHaHas PP y BumuMomy Ta
ommkaboMy YOD-mingHKaX CHOEKTpIiB HE 3MIHIOIOTH CBOTO TIONIOXKEHHS TMPH
ONpoMiHeHHI BHUCOKoeHepreTnaHuMH (1 MeB) enexkTpoHamMu 3a TOTTMHEHOI T03M
4 xI'p <1< 80klp.

BusnaueHHS mpupomy HEHTPIB MOTIIMHAHHA CBiTia Ta ¢uyopectenmii OP, sxi
YTBOPIOIOTBCSI I JI€I0 BHCOKOEHEPTETHYHOTO eNEeKTPOHHOIO OMPOMIHEHHS,
norpedye TOMATKOBUX IOCTIDKEHb. Takok MOTPiOHO MPOMOBKUTH IOCIIIKEHHS,
3armoyaTkoBaHi  HaykoBolo pobororo  TOB  "HOpis-®apm"  "l[lopiBHsnmbHE
JOCTIKEHHS TOCTPOI TOKCHYHOCTI MPernapariB XJIOpH Iy HaTPir0 IPU OMHOPA30BOMY
MapeHTepaIbHOMY BBeZieHHI MumiaM" (pik BukoHanHa 2023, Homep mociimkeHHS:
Ne(01082023). VY pesynbraTi mpoBeIeHOTr0 AOCTiKEHHS O0YyII0 3p00JIeHO0 8 BUCHOBKIB,
OCTaHHIA 3 SKUX CTBEpKYye, MO "Pe3ynmbTaTw TPOBENEHOTO MOCHIHKEHHS HE
HaJal0Th TEPEeKOHJIMBUX JaHWUX, AKi O CBiqUUWIM TPO BIAMIHHOCTI mpodiniB
TOKCUYHOCTI JOCHI[DKYBaHMX NpenapariB. 3BaKaloud Ha BHCOKHHA piBEHb
CTPYKTYpHOI TOMIOHOCTI JOCHIIPKYBaHMX PEUYOBHH, 3 METOK BUSBICHHS
BiIMIHHOCTEH 1X BIUIMBY PEKOMEH/IOBAHO 3aCTOCYBaHHS OUTBIN YYTIMBUX METOJIB
JOCHI/DKEHHsS. 30KpeMa, 1€ CTOCYEThCS JOCHIIKEHHS MMTOTOKCHYHOCTI Ha
KYJIBTYpPax KIITHH Pi3HOTO OpraHHOro noxomkenHs". [IpoBeneHHs nux J0CIiIKeHb
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Oyne CTHUMYIIOBaTH HOBI MeTOAM 30UIbIIEHHS ITUTOCTaTHYHUX aKTUBHOCTEH
MPOTUIYXJIMHHUX IpenapariB 6e3 BUKOPUCTaHHS HAHOAOMILIOK.

BHecok aBTopiB: Muxaiiio 3a00I0THHIA — KOHIICTITYalTi3allis, HanmMcanHs; Jlrommia AciiamoBa —
METONOJIOTIsA, Bawmijamis naHux; MakcuMm bapabamr — Bamiparis nanwx; [anmna ConsHUK —
METOJOJIOTIS, BasIiiaris qanux; Bikrop UepHsIK — KOHIIENTYaTi3alisL.

Monsiku, mxepena ¢inancyBanHs. ABTOpH pPOOOTH BHCIIOBIIIOIOTH CBOIO IIMPY MOMSIKY
cniBpobiTHukaM TOB "FOPISI-DAPM" Ta 0COONMBO JIOKTOpY MEIUYHHX HayK, Npodecopy,
npesuneary TOB "FOPISI-DAPM" Muxoni IBaHoBHuy ['yMeHIOKy 3a MiITPHUMKY Ta HaJaHHS
MOXJIUBOCTI TIPOBEIEHHS HAyKOBHX JOCHTIDKEHb HOBHX METONIB 3OUIBIICHHS IUTOCTaTHIHUX
aKTHBHOCTEH NMPOTHITYXJIMHHUX TIpeTiapatiB 63 BUKOPUCTAHHS HAHOIOMIIIIOK.
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MODIFICATION OF OPTICAL SPECTRA AND CYTOSTATIC ACTIVITY
OF DOXORUBICIN BY IONIZING RADIATION

Introduction. The regularities of the effect of prior electron irradiation of saline
solution on the optical and cytotoxic properties of saline solution and doxorubicin dissolved
in it are studied in order to increase their cytostatic efficiency.

Methods. The energy of the irradiation electrons was equal to 1 MeV, the absorbed
dose was within (2...80) kGy. It has been reported that the amount of absorbed radiation dose
affects the optical characteristics of saline in the UV, visible, and IR regions. Changes in the
extinction spectra of the physiological solution depended on both the absorbed dose and the
wavelength of the light.

Results. It was established that radiation-induced changes in the extinction
properties and cytostatic activity of the irradiated physiological solution last 2-4 months,
depending on the amount of the absorbed dose. It is shown that the fluorescence intensity of
physiological solution caused by excitation at a wavelength of 260 nm reaches the highest
value at the value of the absorbed radiation dose (10...40) kGy. It is shown that the position
of the bands of the fluorescence spectra depends on the amount of the absorbed dose. It was
established that despite the rearrangement of the fluorescence center, the number of
spectral bands due to radiation exposure remains constant.

Conclusions. It was shown that pre-irradiation of the FR before dissolving
doxorubicin in it leads to an increase in its cytostatic activity. This effect is most pronounced
at relatively low concentrations of doxorubicin in the solution. The minimum dose of
radiation absorbed by the physiological solution, at which changes in the spectra of the
doxorubicin solution are recorded, is 4 kGy.

Keywords: doxorubicin, cytotoxicity, saline, high-energy electrons, optical spectra,
carcinoma.
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PElIaKTOp Ta WieH oprai3awiiiHoro komirery JI. AciamMoBa 3asiBIISIOTH PO BIICYTHICTH KOHQUIKTY iHTepeciB Ta HEBTpY4YaHHS B MPOLEC OLiHIOBAHHS i€l CTATTi
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COMPUTER SIMULATION OF COMPLEXATION
OF BOVINE SERUM ALBUMIN WITH THIOHROME DYE

Introduction. Most groups of drugs contain cyclic m-conjugated fragments in
their structure, which provide them with the ability to enter into various types of
interactions. That is why the study of complexation of proteins with sensors with -
conjugated fragments, which are sensitive to the characteristics of the environment and are
characterized by good spectral properties. Such enzymes can be markers of a particular type
of interaction, and as a result, they can be functional elements that provide a particular
binding of a medicinal agent.

Methods. The parameters of complex formation of thiochrome dye with a protein
molecule were studied using the methods of molecular dynamics and quantum chemistry.

Results. The natural dye thiochrome was chosen as a sensor in the research process.
It has a branched aromatic m-conjugated structure, absorption and luminescence in the
range of active protein elements, and accordingly, can be a marker of a particular type of
interaction and indicate the possibility of being used to create application drugs.

Conclusions. Possible binding sites of the components were determined and
changes in the electronic structure that can manifest in the optical spectra are predicted.

Keywords: bovine serum albumin, tryptophan, thiochrome, conformations,
electronic structure.

Introduction

Biomolecular nanomaterials based on proteins are intensively studied due to their
properties of forming ordered self-organized nanostructures, binding and
recognizing the specific molecules and therefore could be used as functional
materials for bionanotechnologies, the creation of application drugs, ecological

© Ryzhkova Anastasiya, Gaponov Anton, Pavlenko Olena,
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214 Bunyck 1



MeauyHa ¢izuka - cydacHU# cTaH, Npo6JieMH, HUISIXU po3BUTKY. HoBiTHI TexHoJ1OTii

biocatalytic boards, tissue engineering (Capezza, & Mezzenga, 2024; Pino et.al.,
2024). A key fundamental question is how the functional agents are distributed in
proteins pores and channels and what is the interaction. Most groups of drugs in their
structure contain cyclic T-conjugated fragments, which often provide them with the
ability to enter into various types of interactions. Therefore, the study of complex
formation with proteins of sensors with m-conjugated fragments is interesting and
important. In this work, the natural dye thiochrome, which has a branched aromatic
n-conjugated structure, absorption and luminescence in the range of active elements
of the protein, can be a marker of one or another type of interaction. In turn, bovine
serum albumin is a well-studied protein that forms films with a crystalline structure,
can be an effective prototype for creating the indicated doping matrices. The purpose
of the work is to study the peculiarities of the formation of complexes based on
bovine serum albumin with thiochrome and the electronic structure to establish the
mechanisms of their interaction.

Methods

Molecular dynamics simulations for the biomolecules BSA and thiochrome dye
were performed in NAMD programme package, molecular docking in Autodock 4.0.
PyMOL and DoGSiteScorer were used for molecular visualization. Quantum
chemichal calculations for the dye and spectral active aminoacid complexes were
performed in Gaussian 09, (TD SCF, DFT 6-31G).

Results

In our experimental study of the the electronic structure of films based on BSA and
thiochrome, we have identified a probable binding site of thiochrome within the
protein and have assumed formation of a complex involving parallel n-n* stacking
between tryptophan and thiochrome (Gaponov et al., 2024a; 2024b). The absorption
maxima of composite BSA protein films with thiochrome shift relative to the maxima
typical for films of individual components. Subsequent analysis of the vibrational
structure of the film showed minor shifts in the amide I (2 cm™) and amide II (8 cm™)
bands towards lower frequencies upon the addition of thiochrome to BSA.

We have performed molecular docking simulations to complement the
experimental data, providing possible conformations of the ligand within the protein.
Let consider the affinity of different conformations of the thiochrome ligand to the
BSA protein target using molecular docking. This will help to understand the
mechanisms of their interaction and indicate the most likely conformations for
quantum chemical research. As a result of the simulations, eight variants of ligand
placement were predicted. We identified one conformation in subdomain IB, near
tryptophan 134 and another one is in subdomain IIIB (Fig. 1).

Table 1. provides the data of 8 conformational states for the BSA-thiochrome system:
the binding energy, charachteristics of non-covalent interactions: namely hydrophobic
interactions and hydrogen bonds of amino acid residues with the thiochrome dye.

Molecular dynamics simulations (NAMD) over 3 ns revealed that thiochrome's
position significantly affects complex stability in subdomain IB, near the tryptophan
residue 134 (Fig. 2). In contrast, thiochrome's position in subdomain IIIB was less
stable due to its placement in a more hydrophobic pocket.
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Subdomain I8

Fig. 1. Visualization of the three ligand binding sites in the BSA protein
(coloured with yellow, green and purple) predicted

by the DoGSiteScorer algorithm and visualization

of the location of thiochrome conformations in PyMol in these subdomains

Table 1

Binding energy E», hydrophobic interactions and hydrogen bonds
of amino acid residues with the thiochrome dye for BSA-thiochrome system
obtained by molecular docking

]
= E Eb, Hydrophobic interactions
§ £ | kcal/mol Hydrogen bonds with amino acid residues:
i
1 -1.27 Phe-506 Phe-506, Lys-524, Leu-528, Val-546,
Phe-550, Leu-574, Val-575, Thr-578
2 -7.18 Val-575 Phe-506, Phe-508, Ala-527, Leu-528,
Leu-754, Val-575, Thr-578
3 -6.92 Tyr-400 Tyr-400, Lys-524, Leu-528, Val-546
4 -6.54 Pro-113, Leu-115, Tyr-137, | Lys-114, lle-141, Tyr-160, lle-181,
Arg-144 Met-184, Arg-185
5 -6.14 Lys-132, Tyr-160 Asp-129, Lys-132, Lys-136
6 -6.11 Lys-350, Leu-480 Ala-212, Asp-323, Leu-326, Leu-
346, Lys-350, Leu-480,
7 -6.09 Pro-298, Leu-301, Leu-304, | 1le-297, Leu-301, Leu-304, Arg-336
Arg-336
8 -6.02 Phe-133, Tyr-160 Tyr-137, Glu-140, lle-181, Arg-185
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Fig. 2. One of the simulations of changes in the location of thiochrome
in the complex with BSA during molecular dynamics

Since the absorption of the BSA protein is mainly caused by tryptophan, let
analyze electron transitions with this amino acid. The main electronic transition for
thiochrome, tryptophan and the complex is determined by the HOMO-LUMO
transition (Gaponov et al., 2024a). Quantum chemical modeling (TD SCF, DFT 6-
31G) of the interaction between tryptophan and thiochrome indicated a correlation
between the absorption maximum shift and the intermolecular distance. For m-n*
stacking at a distance of 3.5 A, a red shift of 9 nm was observed, which decreased to
1 nm at a distance of 4.5 A and disappeared at greater distances.

04 300 30 330 30 30 30 W0 370
A, nm
Fig. 3. Calculated spectra of tryptophan-thiochrome complex
(on the left side of the fig.3) at different distances d between the components:
1 —thiochrome, 2 —d=9nm, 3 -d=4,5nm, 4 — d= 3,5 nm,
method of calculation TD SCF (DFT, 6-31G)
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The obtained data are in good agreement with our experimental spectra (Gaponov
et al., 2024a; 2024b), therefore we can conclude that thiochrome is located near
tryptophan, according to molecular dynamics simulations, and affects the optical
spectra of the protein. These findings, together with experimental data and results
from molecular docking and dynamics, suggest that the most probable location of
thiochrome is the pocket in BSA subdomain IB.

Discussion and conclusions

Molecular docking results show on two thiochrome binding sites in the protein.
The position of the thiochrome in the protein significantly affects the stability of the
complex: the higher stability is observed for position, where the thiochrome is
located in less hydrophobic region of the protein. Quantum-chemical modeling of
the tryptophan-thiochrome complex confirmes their interaction. The studies are
important for the use of thiochrome in biosensing of proteins.

Authors' contribution: Anastasia Ryzhkova — calculations, analysis, revision and editing; Andriy
Momot, Anton Gaponov — data validation, writing, editing; Olena Pavlenko, Oksana Dmytrenko —
conceptualization, methodology, revision and editing.
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KOMIT'IOTEPHE MOJIEJTIOBAHHA KOMIIVIEKCOYTBOPEHHA
BUYA4Y0I'0 CHPOBATKOBOI'O AJIbBYMIHY 3 BAPBHUKOM TIOXPOMOM

BcTyn. Binswicmb epyn sikapcbkux npenapamie y ceoiii cmpykmypi micmamb
YuKAiYHi TT-cnpsidiceHi ghpazmenmu, sKi 3a6e3neqyoms ix Modcausicms ecmynamu 8 pi3Hi
munu 83aemoditl. Came momy 00ca1i0HCEHHSA KOMN/AeKcoymeopeHHs 6iiKie 3 ceHcopamu
3 m-cnpsdiceHUMu pazmenmamu, AKi yymauei 0o oco6ausocmell HABKOAUWHBLO20
0moYeHHs1 I 80.100il0Mb 2APHUMU CNEKMPAALHUMU 6/14CMU80CMAMU, MOXCYMbs Gymu
MapkKepamu mozo Yu iHWO20 6udy 83demodii i, AK Hacaidok, PpyHKyioHarbHUMU
esilemMeHmamu, wjo 3a6e3neyyoms me Yu iHule 38 '513y6aHHA AIKAPCbK020 azeHma.

MeToau.Y yiii po6omi docaidxceHHs1 nposoduiucs 3a 00NOMo2010 JeKi1bKox munie
KOoMN'lomepHUX Mo00e/1108aHb, 30KpeMa makux, 1K Mo/1eKyAspHUll 00KiHe, MOAeKyAApHA
JduHamika ma KeaHmMoea Ximis.

Pe3syabTaTu. Ak ceHcopy npoyeci docaidrceHHs 6y/10 06paHO npupodHuii 6ap8HUK
mioxpoMm, W0 MAae po32aayHceHy apoMamu4Hy T-CnpsdceHy 6ydoey, No2AUHAHHA ma
JIloMiHecyeHyilo e diana3oHi aKmueHux esemeHmie Ginka, 8idnoeidoHo, mozice Gymu
MapkepomM moz20 4u iHwo20 eudy 63aemodii i ceiduumu npo Mmodicaugicms Gymu
BUKOPUCMAHUM 0151 CME0PeHHS anaikayiiiHux JiKie.

BucHoBKU. OmpumaHi daHi 8idkpueaioms UWLIsIX 0151 NOAAALUWUX A0CAI0IHCEHb
MeXaHi3mie 83aemMo0ii m-cnpsAsHCceHUX Mo/aeKyA 3 6iaKkamu.

KnwuyoBi caoBa: 6uuauull cupoeamkogull ans6ymiH, mpunmogpaH, mioxpom,
KoHhopmayii, eieKmpoHHa cmpykmypa.

Astopu A. PuxkoBa, A. T'anonos, O. ITaBnenko, O. JIMuTpeHko Ta A. MOMOT 3asBJISIFOTB IIPO BiICYTHICTb KOHQITIKTY
inTepeciB. CrioHCOpH He Opaji y4acTi B po3poOIeHH1 JOCTIKEHHST; y 300pi, aHai31 Ui IHTeprpeTarii JaHuX; Y HalCaHHi
PYKOIHUCY; B PillIeHHI PO MyOJIiKALIif0 Pe3y/IbTaTiB.

The authors A. Ryzhkova, A. Gaponov, O. Pavlenko, O. Dmytrenko and A. Momot declare no conflicts of
interest. The funders had no role in the design of the study; in the collection, analyses or interpretation of data; in
the writing of the manuscript; in the decision to publish the results.

ISSN 3041-1491 (Print) 219



BiomeanuyHa iHKeHepis

YK 535.34, 538.9
DOI: https://doi.org/10.17721/3041-1491/2024.11-28

Baaaucias MAKCUMYKS, ctya.
ORCID ID: 0009-0004-0296-7693
e-mail: vlad. maxymuk@gmail.com

Anton I'AIIOHOB], acn.
Scopus ID: 57202607757
e-mail: antongaponov@ukr.net

Osena IIABJIEHKO?, a-p ¢i3.-MaT. HayK, AOLL.
ORCID ID: 0000-0001-8838-4798
e-mail: pavlenko@knu.ua

Oxcana JMUTPEHKO}, a-p ¢i3.-maT. HayK, npod.
ORCID ID: 0000-0002-4271-4234
e-mail: o_dmytrenko@knu.ua

Muxkosia KV, a-p ¢is.-maT. HayK, npod.
ORCID ID: 0000-0002-7409-8560
e-mail: mpkulish@knu.ua
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OINTUYHI BJIACTUBOCTI IUTIBOK BYIVIEHEBUX HAHOCTPYKTYP
3 BAPBHUKAMU-®OTOCEHCUBIJII3BATOPAMU
JJ11 ®OTOAUHAMIYHOI TEPAIIL

BcTyn. Byaaeyegi HaHOmpy6Ku 3a80sKU YHiKa1bHUM (Hi3UMHUM 8/1acmu8ocmsm, a
came, no2auHaHHio 8 19-diana3oHi ma 3adamHocmi nepemeoprogamu no2AUHeHy eHepzilo
Ha menso08y, malwmes eequKkuii nomeHyian 3acmocyeaHHsi y domoduHamiyHill ma
ghomomepmiuniii mepanii 3415 NIKy8aAHHA pAKOBUX 3AX80PI08AHb.

M e T 0 & u. OdHOCmiHHI 8y2/1eyesi HAHOMPYO6KU, hyHKYioOHaA1i308aHI o0Kmadeyu1amiHOM,
6y/1u po34uHeHi y 80di (0.05 m2/m2) npu dodamkogomy ducnepay8aHHi y1smpa3eykom, a
nic/as Yyv020 ocadiiceHi Ha nidKkAaduHKU. MemodoM 8aKyyMHO020 MepMIi4HO20 0CadHCeHHs
6y/710 Hanu/eHO NAI6KY cKeapaiHosozo 6GapeHuka. CneKmpu OnMu4HO20 NO2AUHAHHS
eumipiosaauce 3a donomoz20i0 cnempogomomempa SHIMADZU. Keanmoeo-XimiuHi
PO3pAaxyHKu ModeabHUX MO/1eKy/q1 NnpoeedeHO 8 NpocpamHoMy nakemi Gaussian 09
HanisemnipuyHumu memodamu PMé, ZINDO.

PesyabTaTu. HasedeHo pe3yrbmamu 00caidxHceHb ONMUYHO20 NO2AUHAHHS
KOMNO3UMHUX NA1i60K HA OCHO8I 8yz2/1eyesux HAHOMpY6ok, gynepenie Cso 3 MOAEKYAAMU
ckeapaiHogux 6GapeHukie, sKi 3apekomeHdyesau ceGe sk pomoceHcubinizamopu 0as
gomodunamiunoi mepanii 8 komniekcax i3 pysrepenamu Ceo.

BucHoBKu. Joc1idiceHo ekcnepumeHMAabHi cnekmpu no2/UHAHHS HAHOKOMNO3um-
HUX naieoK ckeapaiHogux 6apeHuUKie 3 O0JHOCMIHHUMU @yz2/eyesuMuU HAHOMpy6Kamu
nopieHsiHo 3 ghynepeHamu Cso. SMIHU ONMUYHUX 8/1aCMUB0CMeEll NOSICHEHO 3 YPAXYBAHHAM 3MIH
2i6pudusayii amomie gyas1eyio Ha NpuK/aadi ModeabHUX TI-CMEK08UX Komn/eKcie ¢hy1epeHia
C7o 3i ckeapaiHosuMu 6apeHUKamu 3a d0NOM02010 KBAHMOB0XIMIYHUX PO3PAXYHKIS.

Knw4yoBi caoBa: 6azamocminHi ayaneyeei HaHompy6Ku, ghomoceHcubinizamopu,
gynepenu.

© Makcumyk Biiagucaas, l'anoHoB AHTOH, [1aBsieHko OJieHa,
JAmutpenko Oxkcana, Kysnim Mukoaa, 2024
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Beryn

Byrnenei HaHOTPYOKH 3aBISIKH YHIKQJIBHUM (DI3MYHUM BIACTUBOCTSIM, a CaMme,
nornuHaHHIO B [Y-niama3oHi Ta 3a1aTHOCTI IEPETBOPIOBATH MOITIMHEHY €HEPTilo Ha
TEIJIOBY, MAIOTh BEIIMKWH TIOTEHIliall 3acTOCYBaHHA Yy (OTOJMHAMIYHIA Ta
¢doroTepMiuHil Tepamii IS JTiKyBaHHSI pakoBUX 3axBoproBaHb (Naief et al., 2023;
Villa et al., 2021; Wang et al., 2014). Ha MOXXJTUBICTh BUKOPUCTAHHS IIUX CTPYKTYD
y IBOMY Jiana30Hi BIUIMBAIOTH SIK IMapaMeTpu BYIVICIICBUX HAHOTPYOOK (miamerp,
3a0e3MeUYnNTH TOTTIMHAHHS 30yIKyBaJlbHOTO BUIPOMIHIOBAHHS Y BH3HAYEHOMY
inTepBani IY-miana3oHy, e(eKTUBHE TIEPEHECEHHS CHEprii J0 HaHOTPYOOK,
migBHIIyIour (oTONMHAMIYHMN Ta (oroTepMiuHMi eeKTH, a TakoX CIIyTyBaTH
(IIyOpeclieHTHUMH  Bi3yalli3aTopaMH, IOKPAIyBaTH PO3YMHHICTh, MOIY/IIOBATH
¢rodizuuHi BIaCTUBOCTI TOImIO. Taki MEePECeKTHBY BUMAaraloTh CUCTEMAaTUYHUX 1
IIUPOKUX JOCTIKEHb BJIACTHMBOCTEH KOMIUIGKCIB Ha OCHOBI HaHOTPYOOK Ta
(dhoroceHcHOLTI3aToOpPIB, SK IXHIX aKTUBHHUX €IEMEHTIB, TaK 1 MEXaHI3MIB iX B3aeMoii
(Naief et al., 2023; Villa et al., 2021; Wang et al., 2014). V wiii pobori HaBenEeHO
pe3yIBTaTH JOCTIKEHb ONTUYHOTO MOIIMHAHHS KOMITO3UTHUX TUTIBOK Ha OCHOBI
ByIJIelIeBUX HaHOTPYOOK, dyiepeHiB Ceo 3 MOJEKYJIaMH CKBapaiHOBUX OapBHUKIB,
sIKi 3apeKOMEHIyBaIN cede K hotoceHcuOitizaropu st GOoToNMHAMIYHOT Teparrii B
komruiekcax i3 ¢ynepeHamu Ceo. OOpanuii OapBHHK Ma€ MOTIIMHAHHS Y YEPBOHOMY
Tiama3oHi CHEeKTpa, Ha[3BUYAiiHO YyTIAMBHI 0 CEPElOBHIIA, MOKE PO3UMHSITHUCS B
0araTtboX pO3YMHHHMKAX 1 He TOKCHYHHM JJIs KJIITHH 32 YMOBH BiCYTHOCTI Jii CBITIIA.
Li BmacTUBOCTI 3yMOBHJIN IHTEPEC 10 MEXaHI3MIB HOro B3aeMOii 3 HAHOTPYOKaMHU,
1110 Ha CHOT'OJIHI I11€ HE AOCIIKEHO.

Memoto pobomu € BUBYEHHS CIIEKTPIB ONTHYHOTO TMOTJIMHAHHS OapBHUKIB K
dborocencuObinmizaTopiB 'y  B3aemMofii 3  ONHOCTIHHHUMH  BYIJICIICBUMH
HaHOTPYOKaMH B TIJTiBKaX.

Metoau

OnHOCTIHHI ByIJIeleBi HaHOTPYOKH, (YHKI[IOHATI30BaHI OKTaIeIFIaAMIHOM,
Oymu posumHeni y Bomi (0.05 Mr/mr) mpm OOATKOBOMY IHUCIIEPTyBaHHI
VABTPA3BYKOM, a IICISI IBOTO OCAPKEHI Ha MinKIaauHKH. HacTymHEM Kpokom
METOZIOM BAaKyyMHOTO TEPMIYHOTO OCADKEHHA OyI0 HaANWIEHO IUIBKY
CKBapaiHOBOro OapBHHKa. TOBIMHHM TIUTIBOK (ylepeHiB, OapBHUKIB HE
nepeBunryBani 100 HM. CHeKTpu ONTHYHOTO TIOTNIMHAHHS  BUMIPIOBAINCH 32
noromororo  crierpoporomerpa  SHIMADZU. KsaHTOBO-XiMi4HI pO3paxyHKH
MOJETBHUX MOJICKYJ, HaBEAEHHX Ha pHC. |, IPOBEICHO B MPOrpaMHOMY IaKeTi
Gaussian 09 maniBemmipnaanmu Metogamu PM6, ZINDO.

PesyabTaTn

Ha puc. 2. HaBeeHO CHEeKTpU ONTHYHOTO TOTIMHAHHS TUTIBKM OapBHUKA, KPHUBA
1 i ruTiBKM HAHOTPYOOK, KpuBa 3. JIj1sl MOpIBHSHHS TOBENIHKH CIIEKTpa OapBHHKA,
0 HaHeCeHUi Ha TUTiBKY ¢ynepeHiB Ceo, HABEIEHO KPUBY 2, IO BiAMIOBiAA€ TUTIBIT
(dynepeH-0apBHUK Ta 2', MO BIAMOBIAa€ TMONIWHAHHIO TUTIBKU (ynepeHiB. llei
ckBapaiHOBUil OApPBHUK y PO3YMHI JUXJIOPMETaHy Mae€ IK MOITMHAHH 3a 631 HM
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(Gaponov et al., 2022). IIpore B pe3yasraTi MiKMOJICKYISAPHOI B3a€MOJii, M0
0o0yMOBIIeHa HEpPIBHOMIpPHUM pPO3MOALIOM 3apsily B3IOBXK Horo xpomodopy,
OapBHHUKH (DOPMYIOTH YIOpSAAKOBaHI aHCaMOIi (HalpOCTINil BUMAI0K — JUMEPH,
TPUMEpH), 0 TPUBOAMTH JI0 3CYBY IXHIX CHEKTPIB MOMIMHAHHS, 3AJICKHO BiJ THITY
HaHECEHHs — 1e MOXKYTb OyTH J- Ta H-arperatu (Coates, 1969). Y npomy BUnanky
0apBHHK HAaHOCHBCA B PEXHMI, IO cipusie GOpMyBaHHIO J-arperarii, Ajsl SKOro
3CYB CIIOCTEPIra€ThCs B UEPBOHHMM Jialla30H CIEKTpa, a K TONIMHAHHS
posramoBanuii 3a 680 HM, (kpusa 1).

3
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Puc. 1. I'eomeTpisan Mone1bHUOI MOJTEKYJIM CKBAPAaiHOBOI0 0apBHMKA,
HAHOTPYOKHM XipaybHicTIO (8, 0), pyiaepeniB Ceo, pyaepeniB Cro
3i ckBapaiHOBMM 0apBHUKOM Y /IBOX BapiaHTaX po3TallyBaHHs 0apBHMKA:
6is1s1 OibIoro Ta MeHworo aiamerpis Cro

0.4 4

0,34

0,2

MornvHaHHA, B.O

0,14
1
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Puc. 2. HopmoBaHi cieKTpu ONTUYHOr0 MOITMHAHHSA 11 ILTIBOK 0apBHMKA (KpuBa 1);
IUTIBKH HAHOTPYOKa—0apBHUK (KpuBa 3),
IWIBKH QyJiepeH—0apBHUK (KpuBa 2 Ta 2') — miiBkH dyiepeHis.
Hinknagnnka kBapu. ToBumau miiBok ¢ysnepeniB d =100 um.
ToBuMHM IUTiIBOK HAHECEeHUX OapBHUKIB d = 60 HM

Sk BUIHO 3 pHC. 2, CHEKTPH TOITMHAHHS IUTiBKHA OapBHUKA (KpHBa 1) i OapBHHKA
Ha turiBli ¢ynepeHiB Ceo, (KpruBa 3) BipsA3HAIOTBCA HE ICTOTHO, Y TOH 4Yac K
HaIWICHHS HA HAaHOTPYOKH CIIPHSIE 3CYBY IOIIMHAHHS 000X MAaKCHMYyMIB CHEKTpa
Ha 13 HM 1 xapakTepusyeTbcsl OUIBII BHpa3HUM IUIEYEM y CHHBOMY Aiana3oHi
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cnekrpa (kpuBa 3). Ilpupomy B3aemonmii OapBHHKIB i3 (ylepeHaMU OINKCAaHO B
(Pavlenko et al.,, 2018), mpore Bumagok 3 HaHOTPyOKaMu MOTpeOye mepeBipKu
KUTBKOX TIPUYMH, SKI MOOM(]IKYIOTH arperamiro IUX MOJEKyJl IpU B3aeMOmil 3
MOBEPXHEI0 HAHOCTPYKTYp. OMHIEI0 3 HAWBAXKIMBIIIUX NMPUYUH MOXE OyTH 3MiHA
TUITY TiOpUaU3allii aTOMIB BYIJICHIO HaHOTPYOOK mopiBHAHO 3 (ynepeHamu Cep.
BizoMo, 10 aTOMH ByIJIENIo B IpadeHi MaroTh TUI TiOpUaU3alii sp’, y Toi yac sk
BUKPHBIICHHSI TTOBEPXHI B pe3yNbTaTi 3rOpTaHHs IUIOUIMHU rpadeny y ¢ynepeH i
MosiBa M'ATUKYTHHUKIB MPHU3BOIUTH O MiIMIMIYBaHHS G-3B'SI3KIB Ta 3MIHH THITY
ribpummsanii Big sp® go sp™?’® (Haddon, 1993). Aromu Byrmemio Ha C7o uepes
ACHMETPII0 MONeKynH MopiBHIHO 3 Cep MArOTh TaKOXK Pi3HI CcTyIeHi ribpuau3arii,
TOMY PO3TJITHEMO, YH BIUIMBA€E THIT PO3TaIlyBaHHs OapBHHKa O11st (hynepeny 3 Cro y
JIBOX KpaWHIX BHIMAaJaKax: OUIS OUIBIIOr0 1 MEHIIOr0 HOro miaMerpiB, e
CIIOCTEPIra€eThesl 3MiHA CTYIEHS IEPEKPUTTS eJIEKTPOHHOI TyCTUHH (puc. 1).

OtpumaHi B pe3ylbTaTi KBAHTOBO-XIMIYHUX PO3paXyHKiB JIaH1 KOMITJIEKCIB, MICIIs
iX MOpPIBHSAHSA MDK COOOI Ta 3 BUXIIHMUMU JAaHUMH, JJIsi OKPEMHX KOMIIOHEHTIB
BIIPI3HSAIOTHCS. 30KpeMa, 3HaYeHHs MojIeKysapaux opoirameii HOMO ta LUMO,
sSIK1 BIJITIOBIIAIOTh 32 €JIEKTPOHHUH Iepexi, st okpeMoi Mosiekyiu ¢ynepeny Cro
cranoBsaTh —9,2 eB ta —3,16 B, BimnosigHo. J{1si OKpeMuX MOINeKysl OapBHUKIB
HOMO Tta LUMO Ha0yBaroTh TakuxX 3HA4YCHB: IUIS CKBapaiHOBOTO OapBHUKA —
8,16 eB Ta —2,95 eB. [y xoMILIeKciB ckBapaiHoBoro OapBHuka Ta (yinepeny Cro
criocrepiraeThes 3HmwKeHHT HOMO-piBHS BiTHOCHO piBHIB OKpEMOro OapBHHKA B
00ox Bumankax. [Ipum mpomy piBerr LUMO misi KOMIUIEKCY JIOKaTi30BaHHM Ha
¢dynepeHi 1 onyckaerbes BimHocHO 3HaueHHS LUMO okpemoro dyiepeHy, 1o
CBITYHTH PO PO3MICIUICHHS WOr0 BUPOKECHUX PIBHIB y HE3AICKHOMY CTaHl. Y
[IJIOMY TIIUTHHA KOMIDIEKCIB 3BY)KYETHCS B 000X BHIAAKaX JIOKATi3aIliii OapBHHKa
BIIHOCHO PIBHIB OKpEeMOro OapBHHUKA: JIOKaJIi3allii O OLIBIIOro paiyca IijInHa
cTaHoBUTH 5,09 eB; mns nokanizamii Ol MeHIIoro paaiyca — 5,08 eB.

Juckycisl i BUCHOBKH

OTxe, y IpoIieci KOMIIIEKCOYTBOPEHHSI CKBapaiHOBOTO OapBHUKA 3 BYTJICIEBUMHU
HaHOCTPYKTYypaMH 3 Pi3HUM CTyTIEHEM TiOpuan3ailii aToMiB BYTJIEIIO BiIOYBa€EThCA
TpaHcopMarlist eJIeKTPOHHOI CTPYKTYPH KOMIUIEKCIB, IO CYMPOBOMKYETHCS
3MiHAMH €IEeKTPOHHOT IUTMHH 1, BIAMOBIIHO, MOXKE TIPOSIBIIATUCS B 3MIMIEHH] MIKiB
MOTIMHAHHS Ta BIUIMBATH HAa MOXJIMBOCTI 3aCTOCyBaHHS OapBHHKIB sIK
(orocencuOLTiz3aTopiB. BcTaHOBNEHE pPO3MIMPEHHS [iama3oHy  MOTITHHAHHS
OapBHUKIB ITiJ] 9ac 0CaHKEHHS Ha BYTJIEIEBl HAHOTPYOKU MOPIBHAHO 3 (yIepeHaMu
Cso BKazye Ha JOMUTBHICTh 3aCTOCYBaHHS JaHWX OapBHUKIB Yy KOMIUIEKCAaX 3
HaHOTPYOKaMH, OCKUTBKM CHpPHUATAME MiABHINEHIH abcopOmii emekrpoMarHiTHOL
eHeprii KoMIUIeKCaMu HaHOTPYOKa—OapBHHUK 3 MOXUIMBICTIO TONAIBIIOTO il
TIepEeTBOPEHHS IS TIO3UTUBHUX e(hekTiB y (hoTomqmHaMIUHIN Teparrii.

Buecox aBTopiB: BraauciaB Makcumyk — po3paxyHKH, aHami3 JaHUX; AHTOH [amoHOB —
eKCIIepUMEHTANbHI JOCIiKeHHs, aHami3 nanux; OsneHa [TaBineHKo — KOHIENTYyaTi3allist, METOIOOTis,
HamucaHHsi — meperisiy i pemaryBanus; OxcaHa [Imutpenko, Mukona Kymimn koHmenTyamisaitis,
METOIONOT 1.
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OPTICAL PROPERTIES OF FILMS OF CARBON NANOSTRUCTURES
WITH PHOTOSENSITIZING DYES FOR PHOTODYNAMIC THERAPY

Introduction. Carbon nanotubes, due to their unique physical properties, namely,
absorption in the IR range and the ability to convert absorbed energy into heat, have great
potential for use in photodynamic and photothermal therapy for the treatment of cancer.

Methods. Single-walled carbon nanotubes functionalized with octadecylamine were
dissolved in water (0.05 mg/mg) with additional dispersion by ultrasound, and then
deposited on substrates. A film of squaraine dye was deposited by vacuum thermal
deposition. Optical absorption spectra were measured using a SHIMADZU
spectrophotometer. Quantum-chemical calculations of model molecules were performed in
the Gaussian 09 software package using semi-empirical methods PM6, ZINDO.

Results. Experimental absorption spectra of nanocomposite films of squaraine dyes
with multi-walled carbon nanotubes were studied in comparison with the effects for films of
Cso fullerenes. Changes in optical properties are explained taking into account changes in the
hybridization of carbon atoms using the example of model m-stacked complexes of Cro
fullerenes with squaraine dyes using quantum chemical calculations.

Conclusions. Thus, during the complex formation of squaraine dye with carbon
nanostructures with different degrees of carbon atom hybridization, the electronic structure
of the complexes undergoes transformation. This is accompanied by changes in the electronic
band gap and, accordingly, may manifest as shifts in absorption peaks, influencing the
potential application of the dyes as photosensitizers in photodynamic therapy.

Keywords: multi-walled carbon nanotubes, fullerenes, photosensitizers.
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BIOMEXAHIYHI ACIIEKTH
HAKICTKOBOI'O OCTEOCHHTE3Y AIA®I3APHUX ITEPE/IOMIB

BcTtyn. Po3zasaHymo desiki GiomexaHiuHi acnekmu ocmeocunme3y diaghizapHux
nepesiomie (nonepe4Hux, KOCUx, 26UHMON0Ji6HUX) 3a AONOMO2010 HAKICMKOBUX NJIACMUH.
HaseHicmb 8eaukoi Kinbkocmi munie i pi3Hoeudie HakicmKkoeux naacmuH, AKi docums
dewesi nopieHsAiHO 3 iHWUMU sudamu ¢hikcyrouux KoHcmpykyil (iHmpamedyaspHumu,
yepeskicmkosumu moujo), po6ums makuii 8ud ikcayii gid1amkie nourkodxiceHoi kKicmku
documbs edhekKmueHUM, 8axcaAu8UM ma deuieaum. Memoio docaidzceHHs 6y/10 po3po6umu
MemoouKy 6U3HA4YeHHS 6apiaHmie payioHa/IbHO20 po3mauly8aHHsa @dikcylouux ma
6/10KyI0MUX 28UHMIie Ha Kopnyci Hakicmkoeozo d¢hikcamopa nid eniuéom Ha HLO20
KOMI/IEKCY NPOCMUX MaA CK/AadHUX 6Udié HA8AHMANCEHb.

MeToOau. 3acmocosano npocpamue cepedosuwye Solid Works .11 cmeopenHs modeni
"kicmka - Hakicmkosull ¢ikcamop”, a HanpyiceHo-dedhopmoeaHuili cmaH nid uac
cmamuyHUX HaeaHmaliceHv eu3Ha4yascs 8 npozpami Autodesk. Modeav nepedéauana
po3maulyeaHHs Ha kopnyci pi3Hoi Kislbkocmi omeopie no 2, 3 ma 4 2eunmu 8id niHii 3.1amy.
Po3paxyHku npogoduaucs 0151 mamepiaay cmaab 12X18H9T.

PesyabTaTu. Y npogedeHOMYy KOMN'IOMEPHOMY MO00eAI08AHHI GY/10 B8U3HAYEHO
cmpecogi HanpyyiceHHs1 3a ¢hoH Mizecom y 4-x moykax Hakicmkoeoi naacmunu: 1 - no
yeHmpy njiacmuHu, 2 - 6i45 Hall6AuXKC4020 do YyeHmpa omeopy, 3 - no yeHmpy eidcmati
MIXHC yuM 0meopom ma Kpaem naacmuHu, 4 - midxic 1 i 2 8id yenmpa niacmuHu omeopamu.
Ilio uac dpikcayii no 4 26uHMuU 3 KOIHCHO20 GOKYy nepesaomMy 3 MaKcuma/abHO20
HaeaHMaiiceHHs1 pieeHb HaNpPy3ceHb N0 yeHmpy naacmuHu cmaxosue - 101,194 Mlla, 6ins
Haii6audic4o20 do yeHmpa omeopy - 96,456 Mlla, a e 3 i 4 moukax - no 107,779 MIla ma
154,177 Mlla, sionogidHo. ITid uac cpikcayii MeHWOI KirbKicmio 2euHmis, 3a paxyHok
36i/1bWleHHs1 cmpecogoi 30HU, y 6Giabwocmi mMO4Y0K 8UMIPIO8AHHA HANPYHCEHHS
3HUMCyeanocs, 30kpema npu dhikcayii no 3 zeuHmu no6.1u3y Hal6auMC4020 A0 YyeHmpa
nJ1acmuHu 0meopy HanpyxceHHs 3Huxcyeanocs Ha 10,7 %, a 8 4-ii mouyi 3meHuly8a10cs
Ha 2,3 %, 3a paxyHok 6/u3bKocmi po3maulyeaHHsA ikcylouo2o ceuHma.

© aiiko-IllaiikoBcbkuii Oekcanap, Ayako OJiekciid,
KpuBonocos Basepiii, Ixkum'tok JiImutpo, 2024
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BucHoBKUu. Ilpakmuka ceiduums, w0 6UKOPUCMAHHA CYYACHUX HAKICMKO8UX
MQ/IOKOHMAKMHUX KOHCMpYKYill 00380/151€ cymmego npuckopumu mepmiHu 3poCmaHHsA
gidiamKie Kicmok, a po3po6.ieHa agmopamu MemoouKa 8U3HAYeHHs Hali6L1bW payioHA1bHO20
po3mautysaHHs (hikcylouux esiemeHmie Ha Kopnyci niacmuHu do360./15€ icmomHo 3meHwumu
iHea3usHicmb ma Kinskicms KoHYeHmpamopie HanpytceHb Ha camiii Kicmyi,

Knw4yoBi ciaoBa: diagizapHi nepesomu, ocmeocuHme3s, Hakicmkosi niacmuHu,
cmaéiavHicms hikcayii.

Beryn

[NomkomkeHHs 1 TpaBMH KiCTOK ONOPHO-PYXOBOTO anapaTy JIIOAWHU — JIOCHUTh
MOIIUPEHI TPUYUHH BTPATH MPaIe3aTHOCTI, IHBAIIIHOCTI, @ B OKPEMUX, HAHOUIBIII
BaKKUX BHIIAJKaX — JICTAIbHUX pe3yabrariB. 3a manumu OOH y CBITI 1OPOXKHBO-
tpancnoptHi npuronu (A TII) € TpeThoro 3a 4acTOTOK MPUINHOIO CMEPTHOCTI cepe
Monozi Ta mparne3garHoro HaceneHHs. Llopiuno y cBiti BHacmigok JTII runyTs
10 muH mozeit, 50 MTH TpaBMyrOThCS 200 craroTh Kaiikamu (Aloudah et al., 2020;
Goniewicz et al., 2016, pp. 433-438). B VYkpaini crnocrepira€rbcs aHaiorigyHa
TEHACHIlIA 1 3a OQIIHHOI CTATHCTUKOI IIOAEHHO B MHPHHH 4Yac OTPUMYIOTh
TpaBMmu 120 jronel yHaCiI0K HEIAaCHUX BHITAJIKIB Ta MOOYyTOBUX TpaBM, 30 i3 HUX
— JINIIAOTHCS IHBaiIaMu, 3—5 TUHYTh. MarepiaibHi 30UTKH CyCITIbCTBA BHACIIIOK
3aru0eni Ta TpaBMaTU3MYy JIONlel cTaHOBUTH Onm3bko 2,2 mupn non. CIIA Ha pik
(Ekegren et al., 2018). CrorozHi, y BiliCbKOBHIA Yac, 11 CTATHCTHKA ICTOTHO 3pOCTAE.

Mema  Oocnioycennn  po3poOWTH  METONWKY  BW3HAYCHHS  BapiaHTIB
paIioHaTBHOTO pO3TAITyBaHHSI (IKCYIOUMX Ta OJIOKYIOUMX TBHHTIB Ha KOPITYCi
HaKICTKOBOTO (pikcaTopa ITii BIDIMBOM Ha HHOTO KOMILIEKCY MTPOCTHX Ta CKJIAJTHHUX
BUIIB HABAHTAKEHb.

Metoau

3a momomororo mporpamu Solid Works (Dassault Systémes SolidWorks Corp.,
Waltham, Massachusetts, U.S.) Oymo cTtBopeHO Momenb "KiCTKa — HaKICTKOBHUH
¢ikcatop". Jlami 3a [OMOMOror0 MeTOMy KIHIIEBHX €NEMEHTIB IPOBENEHO
MOJIENIIOBaHHSA HANpyXeHO-Ie(hOpMOBAHOTO CTaHy Marepialy IUIaCTHH IS
ocreocunresy (ctanp 12X18HIT) y mporpami Autodesk Fusion (Autodesk Inc., San
Francisco, California, U.S.). Ilig gac po3ramryBaHHS Ha iXHBOMY KOpITyCi pi3HOI
KUTBKOCTi OTBOpIB 10 2, 3 Ta 4 I'BUHTH Bix mMiHil 31amy (TOOTO po3TalryBaHHI Ha
PI3HUX BiICTaHIX MDK IEHTpaMHU OTBOPIB) y MpoOIleci MOAETIOBAHHS KICTKH OyIlo
MOJIENTFOBAHO TIOMIEPEYHHI MTEPEIOM, a TpyOJyacTa KicTKa MpeAcTaBlIeHa Y BUIIIAIL
JIBOX OKPEMHX (pparMeHTIiB 3 TOBIIMHOI KOPTHKAIBHOTO IIapy 5 MM Ta 30BHIIIHIM
miamerpom 40 MM, IO BiANIOBiZae mapaMerpaM CTETHOBOI KICTKH B CepeIHii
TperuHi. Mozenp mictrna 36718 mipaMifanbHAX €IEMEHTIB i3 cepemHiM po3MipoM
3,16 MM Ta MiHIMaTBHUM po3MipoM 0,3 MM y IUISTHKaxX OTBOPIiB T'BUHTIB.

PesyabTaTn

JlikyBaHHS MOIIKO/KEHB 1 TIEPEIOMIB KICTKH OMOPHO-PYXOBOTO amapaTy CTayio
HE TUTPKA MEIUYHOI MPOOIEMOI0, 1€ TaKOK BaXUIMBI M aKTyallbHI COIliaJbHI,
eKOHOMIYHI 3a/1a4i, Ki MOocTarTh nepex cycmiabecrBoM (Eckart, Ghimire, & Stavitz,
2024, p.123). Ix BupiumeHHs HeMOXJIMBE 03 KOMIUIEKCHMX, CIUIBHHX 3YCHIIb
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HayKoBIiB 1 (axiBLiB SK MEAUYHOTO, TaKk 1 iHKEHEPHO-TEXHIYHOrO MpOoQiIo
(MaTepiasio3HaBILIB, CIIELIAICTIB y ramxy3i OioMexaHiKH, MIlTHOCTI, TexHomoriit). Ha
OYMKY OUIBIIOCTI CHeliaNicTiB-TpaBMaToNOriB, HAHOLMbII e(peKTHBHUMH Ha
ChOTOJJHI BBaXKAIOTHCS OMEPaTHBHI MeToAHW JiKyBaHHA. [IpM KOHCEpBaTHBHUX
MeTofax JiKyBaHHs (TilcoBa MoB's3ka) iHBaminHICTh BUHHKAE B 8—30 % Bumagkax,
y TOW Yac gK MpH OMEpaTHBHUX LUIIXaX el MOKa3sHUK 3HUXKYeTbcd 10 5-20 %
(Pomanenko Ta iH., 2010, c. 68-75). Y mnpoBeneHOMY HaMH KOMITIOTEPHOMY
MOJICITIOBaHH1 OyJ10 BU3HAYEHO CTPECOBi HanpyXeHHsI 3a poH MizecoM y 4-x Toukax
HaKICTKOBOT IJIACTUHM: | — IO LEHTPY MJIACTUHH, 2 — OUIA HAKONIMKIOro 10 IIEHTpa
OTBODY, 3 — I10 LIEHTPY BIJICTaHI MIXK I[UM OTBOPOM Ta KPaeM ILJIaCTUHH, 4 — Mk 1 1
2 Bijl IIEHTpa MJIACTHHU OTBOpamHu. [Ipu mboMy MopenmtoBajiacs pi3Ha KUTBKIiCTh i
po3TalllyBaHHI I'BUHTIB, IO JO3BOJIMIM BU3HAYUTH HAHOLIBII ONTHMAJIbHI TIISTHKU
1X BBEIEHHS.

Haiibinpmi crpecoBi HampyKeHHsI BHSIBIISUIMCS Y BapiaHTax 3 HaHOUIBIIOIO
KUTBKICTIO BBEJICHHS TBUHTIB — 10 4 TBUHTH BiJl JIiHIT TIepeoMy, a HaifMeHIIli — IpH
BBE/ICHHI 110 2 TBUHTH Bij JIHIT IIepeIOMYy B OTBOPH, MAKCUMAJIbHO BilalieHl Bij
LEHTpa IJIACTUHU. BTIM CIlif 3a3HA4YMTH, 110 A OCTAHHLOIO 30LIBIIYBaIUCS
3MIIICHHS JUISHKY IUIACTHHM HaJ I1ePeIoMOM, OTXe CTaOuIbHicTh (ikcarii
noripmyBajiacsi. [liama3zon HapaHTaxkeHb craHoBuB Bim 100 H mo 2000 H, cuia
MPHUKIIaanacs 10 JMCTAIBHOTIO BIUIUTY IJIACTHHU i KyToM 90° 110 MOB3I0BKHbBOT
oci mractunu. Ilpm ikcamii mo 4 TIBHHTH 3 KOKHOTO OOKy IIEpElIoMy
32 MAaKCHMAaJIbHOTO HABaHTAXEHHS pIBEHb HANpyKeHb IO ILEHTPY IUIACTUHU
cranoBuB — 101,194 Mlla, Ginst HaHOIMKIOTO 0 EHTPY OTBOPY — 96,456 MIla, a
B 3 14 Toukax — mo 107,779 MIla ta 154,177 MIla, BigmoBimHO. 3a MEHIINX
HaBaHTa)KEHb CTPECOBI MMOKA3HUKY OYITA HIKIUMH, ajie TeH IeHITis 30epiranacs (puc. 1).
Ipu dikcallii MEHIIIOK KUTBKICTIO TBUHTIB, 32 PaXyHOK 30UIBIIICHHS CTPECOBOI 30HH, B
OLTBIIIOCT] TOYOK BUMIPIOBaHHS HAaNPYKEHHS 3HIDKYBAIOCS, 30KpeMa Tpy (pikcarii mo
3 I'BUHTH HAWOUIBII BiIjaneHo BiA JiHIl 3mamy HOOMM3y HAWOMMKYOro MO IIEHTpa
IUIACTHHU OTBOPY HampyxXeHHs 3HrKyBasocs Ha 10,7 %, a B 4-i ToU1l 3MEHIITyBaIOCs
TiTbKH Ha 2,3 %, 3a paxyHOK OJIM3bKOCTI pO3TAlLyBaHHS I'BUHTA.

Pospobnena meronmka m03BONSE TMOMIOHWM IUISXOM BH3HAYATH MiHIMAIbHY
BiJICTaHb MIXK OTBOPAMH TSI KOPITYCiB TIACTHH OyIb-IKUX PO3MipiB, 3a0e3medyroan
iXHIO MIIHICTD 1 HaAiHICTE POOOTH y CKiadi OIOTeXHIYHOI cucTeMH "BiajlaMKh
KiCTKH — HakicTkoBUH (pikcarop". Po3paxyHku 3aiiiCHEHO 715 HalOUTBIIT MTOIMPEHNX
TUTIOPO3MIPIB HAKICTKOBHX (piKCaTopiB, 30KpeMa 1 IUTACTUHU 3 MiHIMaTbHUM
KOHTAaKTOM, SIKi 3HAHMIIIN MIMPOKE 3aCTOCYBaHHS B MeAWUHIN mpakTuili. OcoOamuBo
BaXJIMBUM € NMUTaHHA MPO ONTHMAJIbHE PO3TAIIyBaHHS ()IKCYFOUMX T'BHHTIB UL
CTBOpPEHHsI CTaOLIBHOIO OCTEOCHHTE3y. MareMaTuiHe KOMIT'FOTEPHE MOJETIOBaHHS
MOXUIMBUX BapiaHTIB KPIMJIEHHS 3a Pi3HOI KITBKOCTI Ta pO3TallyBaHHI T'BUHTIB
JIO3BOJIMITY BU3HAYMTH HANpYKeHHs, JedopMallii, IepeMillleHHs Ta 3armac MilHOCTi
MaTepiairy KOHCTPYKIIil HaKiCTKOBOTO (ikcaTtopa, siKi Ipy I[bOMY BHHHKAIOTb.
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Puc. 1. Hanpy:xeHo-1edopMoBaHuii cTaH y HAKICTKOBII miiacTuHi
nia giero HapanTaxenns 1000 H, BekTop npuk/IaieHOro HABAHTAKEHHS,
BapiaHT ¢ikcanuii 1o 4 rBUHTH B KOKHOMY (pparMeHTi nepeiomy

Ha BuGip kinbkocTi TBUHTIB A1 (pikcalrii Ta OJIOKyBaHHS BILTUBA€E 30KpeMa BU] 1
THT TIEPEIOMY, TOMY KIiHIIEBE DIllIEHHS, MO0 CTBOPEHHS TOIO YW IHIIOTO BHILY
OCTEOCHHTE3y IPHUIMAE JIIKap-TPaBMaTojIoN, TaK caMo, SK 1 BU3HAYCHHS KUIBKOCTI
TBHHTIB JUIsi ocTeocuHTe3y. CydacHi METOIU Ta TEXHOJOTIT JTIKYBaHHS TIEPEIOMIB i
MOIIKO/DKEHb  KICTOK  JTOCUTh pi3HOMaHiTHI. [le O0OyMOBIIOETBCS IUPOKHM
ACOPTMMEHTOM BH[IIB 1 THITB TiepesioMiB (IiadizapHi, MPOKCHMANbHI, JTUCTAIbHI,
TIOTIEPEYHi, KOCi, TBUHTOBI, OCKOJIKOBi, 6araTOOCKOJIKOBi, PO3TPOIIEHI, ITeTCH31iHI
To110). KOXKHMIA 13 ITUX THITIB TIEPEIOMIB BUMArae CBOET, iIHANBIAYaIbHOI TEXHOJOT1{
JIIKYBaHHsI, CBOTO IIIIX0Y, BIANOBIIHUX TEXHIYHHUX 3aCO0IB.

JlocuTh  BaXJIMBOIO  BJIACTHUBICTIO, INPUTAaMaHHOK  CY4aCHUM  BHJaM
OCTCOCHHTE3Y, € HOro O10JIOT1YHICTh: TOOTO MOBEIIHKA CTBOPIOBAHOI O10TEXHIYHOT
CHCTeMHU "BiJUIAMKHM KICTKH — (pikcarop" Mae HaHOUIbII TOYHO MOICIIIOBATH
BJIACTUBOCT] HEMOLIKODKEHOI KICTKU. Y TaKMX BUIAIKaX BUKIIOYAETHCS MOSIBA TaK
3BaHOTO €(eKTy IIYHTYBaHHS, 3@ KOI'0 CHHTE€30BaHA AUTSHKA KICTKH BUKIIFOYA€THCS
3 HaBaHTa)KEHHS, 1110, Y CBOIO YEPr'y, BUKJIMKA€ BUMUBAHHS KAJIBLIIO 3 KOPTHUKAIBHOI
KICTKOBOI PEYOBHHH, 3MIiHEHHS (i3MKO-MEXaHIYHUX BIACTHBOCTEH TaK 3BaHOI
CTPEcOBOi NUISTHKM KICTKA MOONHM3y MiCIs TEpeoMy. YHACTIOK IbOTO YacTo
TPAIUIAIOTHECS TIOBTOPHI TIEPEIOMH Ti€l K caMoi MUISHKH KICTKH TICIIS 3pOIIECHHS
reperoMy Ta BIUTydeHHs (pikcyrodoi KoHCTpyKIii. CaMe TOMY Ba)KJIMBa ONTHMI3aIlis
HaKiCTKOBOTO ocTeocruHTe3y. Lle 103BonnTh BHOMpPATH KOpEeKTHUH THI (ikcamii mis
KOXXHOTO TIEpenoMy — O10IOTIYHIM 91 KOMITPECIHHUN BapiaHT, 0 BiAIIOBITHO Oyae
BIUIMBAaTH HA YTBOPEHHS IEPBHHHOIO Ta BTOPMHHOTO KICTKOBOIO MO30IS, a
3maTtHicTe 70 Aedopmamii yciei OioTeXHIYHOI CHCTEMH TIOBHHHA IMITyBaTH
BignoBinHi gedopmarii ctruckanns, sruHaHHs, KpydeHHs (Field, & Tornkvist, 2001,
pp. 169-178). YenimHe po3B'si3aHHs TaKoi 3a/1a41 MOXKITUBE JIMIIIE 3aBISIKH CTIIIBHUM
3YCHJUISIM MEMKIB-TPaBMATONIOTIB, CIIEI[iANliCTIB y Tally3i OImopy Marepiaiis,
MaTepiaJio3HaBCTBa, OyAiBeNbHOI MEXaHIKM, MOIETIOBAHHS, OlOMEXaHiKH, IIo
JI03BOJIMTH ONTHMAJIBHO 1 1HIMBITyaIbHO 3aCTOCOBYBATH L€ NPOCTHUil, IOMUPEHUH
1 JOCTYIHHMI Ha CHOTO/HI BHJI OCTEOCHHTE3Y, 3BaXKAaI0UHM HA PI3HOMAHITTS IJIACTHH
(Tu et al., 2022).
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Jiis 3a0e3niedeHHss epEKTUBHOTO 3POIICHHS KICTKOBUX ()parMeHTiB HEoOXimHe
BUIbHE, Oe3MepelIkofHe MOocTayaHHsl OIONOTIYHMX PiIMH 0 MicUs MeperoMy,
CTBOpPEHHSI MIEBHOI JO30BaHOI KOMIpECii MK BilTaMKaMHu, YHHUKaHHS BUHUKHEHHS
epexkty "myHTyBaHHsA". I3 1i€l0 Meror0 HaOylIM TOIIMPSHHS TakK 3BaHi
MAaJIOKOHTaKTHI HakicTKOBi KOHCTpyKmii (van Nguyen et al., 2021). Taki ¢dikcaropu
MiHIMaJbHO KOHTaKTYIOThb 3 TIIEpPiOCTOM, Maibke HOro He IOUIKOKYIOUH,
3a0e3MevyroTh XOpOoIle KPOBONOCTAauaHHS JI0 30HHU MEpeioMy, a TaKoK MaroTh
JOCUTH HEeBENMUKY Macy. [lonernieHHs: KOHCTPYKIIii MO3UTUBHO BIUIMBAE HA TepPeOir
3pOIICHHSI, CTBOPIOE OUIBII KOM(OPTHI YMOBH mjisi mocTpaxkaanoro. IIpore
MOJETrIeHHsT KOHCTPYKITii, 3MEHIIEHHS 11 MaTepialOEMHOCT] HEraTUBHO BILJIMBAE HA
ii MIIHICTH Ta JKOPCTKICTh. TOMY JI0CI 3aJMINAETLCS HE BUPIIICHHM MUTAHHS PO
MIHIMaJIBHO JOIYCTHUMI PO3MIpPH MOMEPEYHOr0 Nepepizy HaKiCTKOBOro (ikcaropa, a
TaKOXK MPO MIHIMAJIBLHO JOMYCTHMI BiJICTaHI MK OTBOpaMH Ha KopIiyci ¢ikcaropa,
SIKI 3HMDKYFOTB OO MIIHICTB 1 € CBOEPITHUMH KOHIICHTPATOPaMH HAIPyXEHb, 1110
TaKOXK ICTOTHO 3HMXKYE HOTO PO3PaxXyHKOBY MilHiCTh. OTpUMaHi pO3paxyHKOBHM
IUISIXOM PE3YJABTaTH TOBHICTIO MiJTBEP/UKYIOTHCS JAHWUMU MPAKTUYHOI MEIMYHOT
OIlepaTUBHOI TIsUTBHOCTI ITiJ] Yac MPOBEACHHS HaKiCTKOBOro ocreocunresy (Lllariko-
[atikoBckuit Ta iH., 2014, c. 26-30).

Juckycist i BHUCHOBKH

AHai3 CyKyITHOCT1 OTPUMaHUX PE3yJAbTaTIB MPOBEACHUX JIOCITIPKEHb JI03BOJISIE
3pOOHUTH TIPAaKTUYHI pPEKOMEHIAIll JKapsM-TpaBMarojioraM I TIOHAJIBIIIOTO
BUKOPHUCTAHHS B METUIHIN TPAKTHIIL.

1. 3ampoITtoHOBaHO METONWKY KOMITIOTEPHOTO MOJETIOBAHHS IS OIIHIOBaHHS
rmapaMeTpiB HanpykeHo-1ehOopMOBAHOr0 CTaHy MaTepialy HaKiCTKOBHX (hiKCaTopiB
3a Pi3HOi KITLKOCTI Ta pO3TaIlyBaHHI OTBOPIB IS (PIKCYIOUMX €IEMEHTIB, BU3HAYCHO
MiHIMaJIbHO JIOITYCTUMY BiICTaHh MK OTBOPaMH 3a PI3HHX PO3MIPiB MOIEPEIHOTO
repepizy HaKiCTKOBHX TUTACTHH.

2. Po3pobienHo Ta 3arpornoHOBaHO METOAMKY KOMII FOTEPHOTO MOIETIOBAHHS /IS
BH3HAYECHHS ONTHMAaJIFHOTO PO3TAITyBaHHS (DIKCYyFOUrX Ta OIOKYIOUHX €JIeMEHTIB Ha
KOpITyCl HaKiCTKOBOTO (hikcaTopa 3a pi3HUX BU/IB MPOCTHX i CKIIAAHUX HABAHTAXKEHb
3 HaWBHWINUMH CTPECOBUMH HaBaHTaXCHHAMHU 10 154,177 Mlla, mo Himk4Ie
MaKCHUMaJIbHUX TMapaMeTpiB pYyHHYBaHHS HEP)KaBilOWOi CTalli METUYHOTO
MPHU3HAYCHHS.

3. Pe3ynpraTii MpOBENECHOr0 MAaTEMATHYHOTO MOJCTIOBAHHS  JIO3BOMNSIOTH
BHJIUTUTA HaWOITBIN pamioHalbHI Ta HaWMEHII BAalli BapiaHTH pPO3TAIIyBaHHSI
(hiKCyrOUMX €JIEeMEHTIB 32 3a3/aJerip 3aJaHil X KUTBKOCTI, 10 3HAMIIIIO MPAKTHIHE
3aCTOCYBaHHS ITiJl 9aC METUYHOI ONEpaTUBHOI AisITEHOCTI B JIIKyBaHHI MEPETOMIB.

Buecok aBTopiB: izei, hopMynroBaHHs a00 eBOJIOLIS BCEOXOMHUX IiNIeH 1 3aBIaHb TOCIiIKEHHS
HaJIaBaJIMCh yCiMa aBTOPaMH B MPOLECi OOTOBOPEHHSI, TUIAHYBaAHHS pOOOTH Ta OCIIIKEHHS B LIJIOMY.
Onexcannp laiiko-11laitkoBcbkuit Ta Banepiit KpuBoHocoB — opManbHuil aHami3 Ta 3aCTOCYBaHHS
CTaTUCTHYHHUX, MaTeMaTUYHUX, OOYMCIIOBAIIBHUX Ta IHIIMX METOMIB Ul aHajdizy abo CHHTE3y
eMIipUYHUX JaHuX pociimkenss; Onexciit Jyaxo ta IMutpo SKuM'toK, JTiKkapi-paKTUKA — aKTHBHA
y4acTh y HANpPUKIHIIEBOMY aHami3i orpumaHux pesynbrariB; Onexcannp Ilaiiko-1llaiikoBcbkuit Ta
Banepiit KpuBoHocoB — mporpamae 3a0e3MeueHHs, TPOEKTYBAaHHS Ta BHKOPHCTAHHS KOMIT'IOTEPHHUX
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nporpam maxera Solid Works; Omnexkciit [lynko Ta [Imutpo SIKMM'IOK — MeTomomnoris Ta po3pobOka
METONOJIOTii, CTBOpPEeHHS Mojenel mocmimmkeHHs; Onexcanap lllaitko-11laiikoBchkuii — HammMcaHHS
opHriHanpHOI (moYaTkoBOro BapiaHTa) uepHeTkH; Oinekciii [[ynxo — HamucaHHS Ta Teperyisii-
penaryBaHHs, BHECEHHS CYTTEBUX 3MiH JI0 PYKOIHCY.

Bamiganis nanux, mepeBipka BiATBOPIOBAHOCTI PE3YyIbTaTiB MPOBOAWIIMCSA B KIIIHIYHAX YMOBax
OKHII "UepniBenpka JikapHs MBHIKOI gonoMoru” i gaboparopisx UepHiBEIHKOro HaIliOHAIBHOTO
yHiBepcurety  iMm. FO. @enmproBuua  Ta  HamioHanpHOro — yHiBepcureTy — OiopecypciB  Ta
IIPUPOJIOKOPUCTYBAHHS YKpaiHU.

IMonsixn, q:xepena pinancyBaHHsl. ABTOPH BUCIIOBIIOIOTH IUPY MOIIKY BCIM, XTO OpaB y4acTs y
TTiIrOTOBII 1i€ MyOiKarlii, BATOTOBIISB Ta HaJJaBaB HAKiCTKOBI INTACTHHHY, (Masie mianpruemMcTso BAMIT),
OpaB y4acTh y BHMIPIOBaHHSX B Jabopatopii ormopy marepianie UHY iMm. FO. ®enpkoBnua, a Takox
3/IHCHIOBAaB KOMITIOTEPHE MOICIIOBAHHS Ta PO3PAaxXyHKH IIONO OMIHIOBAHHS IapaMeTpiB HalpyKeHO-
nie(hOpMOBaHOTO CTaHy HAKiCTKOBHX IUTACTHH B YMOBAX IPOCTHX Ta CKJIAJHHUX BUAIB JeOpMarliii.
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BIOMECHANICAL ASPECTS
OF BONE PLATE OSTEOSYNTHESIS FOR DIAPHYSEAL FRACTURES

Introduction. The paper presents some biomechanical aspects of osteosynthesis
diaphyseal fractures (transverse, oblique, and spiral) by means of bone plates. The presence
of large amount of different types of bone plates makes this type of internal fracture fixation
very effective, inexpensive and worthy for further research and development. The aim of
research was to develop the technology of calculating the optimal variants of screw
placement in the plate under various simple and complicated loads.
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Methods. For this purpose the plate-bone model was created in Solid Works and the
strain-deformity state under static load was calculated in Autodesk. The following variants
of fixation were studied: with 2, 3, 4 screws on each side of a fracture. Stainless steel
12X18HI9T parameters were used in the study.

Results. The von Misses stress was measured in 4 plate areas. For the variant of
fixation when 4 screws were used on each side from the fracture for the maximum load the
stress level at the plate center was - 101.194 MPa, near the first hole from the fracture site -
96.456 MPaq, in the 3 and the 4 points - 107.779 MPa and 154.177 MPa respectively. In cases
with the less number of screws were used the stress was decreased due to the increasing of
the plate stress zone. Particularly when 3 screws were used the stress decreased near the
1 hole of the plate on 10.7 %, and in the 4 point it was decreased only on 2.3 %, due to the
proximity of the inserted screw.

Conclusions. The practical application of use low contact bone plates creates
advanced conditions for fracture healing without delays, a the methodology that was
developed by the authors to determine the optimal allocation of fixing elements on the
plate body allows to perform it less invasive and to decrease the level of stress
concentrators on the bone.

Keywords: diaphyseal fractures, osteosynthesis, bone plates, fixation stability.

Astopu O. Iaiiko-11aiikoBcrkuit, O. dynxo, B. KpusoHocos Ta [I. SIkuM'OK 3asBIIIOTE ITPO BiICYy THICTh KOH(ITKTY
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MATEMATUYHA MOJEJIb 3AJIEXKHOCT]I
A3ETA-IIOTEHIIAJIY CHPOBATKOBOT'O AJIbBYMIHY JIIOAUHHU
BIJ PH ®I310JIOTTYHOI'0O PO34YHUHY

B cTyn. Po6oma npucesiiena noGydosi mamemamu4Hoi modeni 3a1excHocmi d3ema-
nomeHyiany MakKpomo/eKyau cupoeamkogoz20 aabGymiHy .i0duHu e 0,15 M eodHomy
po3uuHi xjaopudy Hampiw (¢izionoziyHuii po3uuH) sk PHyHkyii 3miHU 800He8020
nokasHuka pH (Kuc10mHo-1y3cHo20 6a1aHcy) 800HO20 OMOYEHHS.

MeTtoau. IlpoaHanizoeaHo acumempu4Hicmb 3a3HA4YEHOI eKcnepuMeHmMaJ/aHoi
3aaexcHocmi 6i0HOCHO i30enekmpu4HOi moyku aav6ymiHy pHo5,1, 3a skoi dzema-
nomeHyiaa Makpomo.1eKy/1u 0opieHIOE HY/I0.

Pe3sysabTaTu. 3anponoHosaHa mamemamu4Ha Mode b, siKa nepedbayae po36ummsi
PH diana3ony 3a1e3cHocmi d3ema-nomeHyiany MakpomoJ1eKyau cupo8amKo8020 aab6yMiHy
J/I100uHU y (pizionoziunomy po3uuHi sk ¢yHKyii 6odHesoz0 nokasnuka pH Ha dei o6aacmi:
1) 8 inmepeaui 3Ha4yeHs pH < pHo 019 anpokcumayii 3acmocoeaHa ekcnoHeHyitiHa yHKYist;
2)e inmepeasi 3HadeHb pH>pHo eKcnepumeHMaabHA 3a/1€XHCHICMb anpoKCUMO8aHA
dyHKYyielo 2inep601iyHO20 MaHzeHca. Y Medicax noXubKu ekcnepumeHny eeququHu dsema-
nomexyiasy, o64ucseHi 3a donomoz2010 3anponoHo8aHoi mamemamu4Hoi Modesi, do6pe
Kope/l0lomb 3 eKcnepumMeHmMa/abHUMU 3HAYEHHSAMU: cepedHsl 6I0HOCHa noXubka oyiHeHa
MmeHute 5,5 % 3a pH < pHo ma He nepesuwuia 4,1 % 3a pH > pHo.

BucHoBKU. OmpumaHi pe3ysbmamu MoOx}Cymb 6ymu GUKOPUCMAHI 045
cmeopeHHs1 pi3uuHOi Mmodeni, AKa noe'sa3yeana G npocmoposy cmpykmypy ma
esnekmpogizuuHi esacmugocmi MaKpomoaekyau aab6ymiHy npu 3MiHi 600He8020
nokasHuka pH 600H020 0mMoYeHHs.

Knw4yoBi cnoBa: mamemamuuHa modeas, anab6ymiH, d3ema-nomeHyiaa, pH,
¢pizionnoziuHull po34uH.

Beryn

BukonanHs TparcnopTHOT (DYHKITiT CHPOBAaTKOBUM aJIbOYMiHOM JIFOIMHU TIepe0adae
3MIHY CTPYKTypH TIPOTE€IHY Yy BONHOMY pO3YHMHI 3aJIOKHO BiJl TeMIIepaTypH,
KOHIIEHTpaIlii, KACIIOTHO-OCHOBHOI piBHOBaru (pH) cepenoBwia, HasBHOCTI coleit
tomo. [lpu morparuisiHHI anbOyMiHy y BOIHO-CONBOBHI PO3UMH 3a (izionorigHmx
3HaueHb pH BifgOyBaeTbCsS B3aeMomiss MOJNEKYT BOAW 1 comeil 3 OiYHMMU UISTHKAMHU
aAMIHOKUCITOTHHX 3aJIHIIKIB MAKPOMOJIEKYIIH: ) aclapariHoBa Ta ITyTaMiHOBa KHCIIOTH
CTalOTh HETaTUBHO 3aps/DKEHUMH, O) apriHiH, Ji3WH 1 TicTHJUH HaOyBarOTh
MO3UTUBHOTO 3apsay. [IpoTwiexHi 3apsau yTBOPIOIOTBCS 3a PaxyHOK BTpatd abo

© I'yciicruii Aptyp, Xoposibcbkuii Onekciii, 2024
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MpU€EIHAHHS 10HIB BOAHIO Bia kKapOokcunbHHUX rpyl (—COOH) Ta aminorpym (—NH>)
BKa3aHUX aMIHOKHCIIOT, YHACIiIOK 4Oro BinOyBa€ThCs MEpEpO3MONia eNeKTPUIHUX
3apsi/IiB Ha TOBEPXHI MAKPOMOJIEKYITH Ta Y po3urHi. HaBKoI0 MOreKyii BUHHKa€e XMapa
MO3UTHBHUX 1 HEraTMBHUX 3apsjiB, M0 IIapaMyd 3aMIHIOIOTh OIWH OJHOI0 —
YTBOPIOETHCS OABIMHUIN eEKTPUYHHH AP, SIKUH OBHICTIO eKpaHye 3apsi MOIEKYIIH.
31 3MiHOO MOoKa3HUKa pH y po3urHi 3MIiHIOIOTHCS 1 3apsIy aMIHOKHUCIIOTHHX 3aJIMIIKIB
MaKpOMOJIEKYJ, a OTKe, 1 3arajbHUN 3aps MaKpOMOIEKYN ajJbOyMiHY: 38 KHCIOTHHUX
pH zaranpHuii 3apsa no3utuBHUE, 32 ocHOoBHUX pH — HeraruBnmii. [lepeposmomin
3apsiIiB Ha MOBEPXHI MaKpOMOJIEKYIH TPHBOAUTH A0 3MIHH MPOCTOPOBOI CTPYKTYpPH
MaKpOMOJIEKYJIH Ta CIpHsE TpoIecaM ONIroMepu3allii MaKpOMOIeKyll albOyMiHy
(Barbosa et al., 2010; Bhattacharya et al., 2014).

Xo4a JOCIHIPKEHHIO CTPYKTYpH ainbOyMiHYy Yy BOJAHHX PO3UMHAX MPHCBIYCHO
3HAa4Hy KUIBKICTB pOOIT, MpoTe eQEeKTHBHA MOJENb 3B'SI3KY CTPYKTYpU Ta
eNneKTpodI3MUHIX BIACTUBOCTEH MAaKPOMOJIEKYIIN abOyMiHy 31 3MiHOO pH BOmHIX
pozunHiB Hapas3i BincyTHs (Bukackova, Rusnok, & Marsalek, 2018).

Memoro pobomu € cripoba moOyZ10BM MaTEMaTHIHOT MOJIEN, sika O BiITBOpIOBasia
MOBEIIHKY JI3€Ta-TIOTEHITialy MaKpOMOJIEKYJI CHPOBATKOBOTO ajbOyMIHY JIFOJIMHU Y
¢izionorivyHOMY po3umHi 31 3MiHOIO TIoKa3HuKa pH cepenopuia.

Metoau

EkcniepyiMeHTabHI  JlaHI  3QJ©KHOCTI  JI3€Ta-IOTSHINANy  MaKpPOMOJIEKYJ
CHPOBATKOBOT'O abOYMIHY JIFOOMHW BiIl MOKa3HWKA pH BOMHWX pPO3YHHIB XJIOPUIY
Hatpito B3s10 3 podoru (Jachimska, Wasilewska, & Adamczyk, 2008, p. 6870). ABTopu
pOOOTH BUKOPHCTAM KPHCTATI30BAHUN 1 JIO(MLTI30BaHMA TOPOIIOK CHPOBATKOBOT'O
anpOyminy momuan (Sigma, 99 %) 6e3 momatkoBoro oumiieHHS. [ mpuroTYBaHHS
0,15M (0,9 mac. %) BogHOTO PO3UMHY XJIOPUAY HaTpito ((Pi3i0NOriYHUN PO3UMH) Y
miaraszoni pH Bix 2,5 mo 10,5 Bukopucrano agidi auctunboBany Boxy, NaCl, HCI ta
NaOH (Sigma, Aldrich). /[3era-moreHmiar MakpoMoJeKyn aapbOyMiHy BHMIpPSHO 3a
monomororo  Zetasizer Nano ZS (Malvern Panalytical, BemmkoOpuranis) 3a
temrieparypu 7'=(298,0 +0,1) K, BUKOpHUCTOBYIOUM METOA JIa3epHOI IOIMIUIEPIBCHKOT
Bemocumerpii (Jachimska, Wasilewska, & Adamczyk, 2008, p.6867). BigHocHI
MOXMOKK BUMIPIOBAaHHS J3€Ta-IIOTEHITaly Ta MOKa3HWKa pH My OIiHWIM SIK PiBHI:
&)=5%1e(pH)=0,5 %, BimmoBimHO. {7151 JOCATHEHHS TIOCTABIEHOI METH Y pOOOTi
3aCTOCOBaHI METOIM MaTEMAaTHYHOT'O MOJICITFOBAHHSL.

Pesyabrarn

Hzera-norenmian ({) Sk pIi3HUI TIOTEHIIATIB BOJHOTO CEpPEAOBUINA Ta
HEPYXOMOTO IIapy PiAUHHU, MI0 OTOYYE MAKpPOMOJIEKYIY, MOKe OyTH BHUMIPSHHIMA
eKCIICPUMEHTAIFHO 1 JI03BOJNISIE 3POOMTH BHCHOBKH TIPO 3arajbHUN  3apsin
MaKpOMOJIEKyYN y po3urHi. OmHI€0 3 0COOMUBOCTEN 3aJIKHOCTI J[3€Ta-TOTEHITIaTy
MaKpOMOJIEKYJ CHPOBATKOBOTO ajdbOyMiHY JFOAMHH y PO3YMHI Bix mokasHuka pH
CEepEeIOBHIIA € ICHYBaHHS XapaKTEPHOI TOUYKU — 130€IEKTPUYHOI TOYKH aTbOyMiHY, y
SIKiM A3era-moTeHIian anp0yMiny (i 3araJibHUi 3apsii MaKpOMOJIEKYIH) JIOPiBHIOE
Hymro. [3oenekTpuyHy Touky ambOyMmiHy 3a pHo 5,1 mpupomHO B3STH penepHOr0
TOYKOO (TOYKOIO BiJUTIKY) TOCII/PKYBaHOI 3aJI€KHOCTI.
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Sk BuAHO 3 puC. 1, XapakTep 3aJeKHOCTI A3eTa-noTeHIiany Big pH 3a3Hae 3MiH
3a pHo 5,1 i He cUMeTpUYHMII BITHOCHO i30€JIEKTPUYHOI TOukH. J[nst HaouHOi
JEMOHCTpAallii CKa3aHOro Bi3bMeMO OyIb-sSKe eKCIIepUMEHTaJbHE 3HAYCHHS J13eTa-
MOTEHITIAJTy MaKpOMOJIEKyIH anbOymiHy Ha rpadiky 3anexHocti ¢ = {us(pH):
Hanpuknan, (4 =+29 mB 3a pH 2,7. TIpsma, npoBenena uepes 1110 Touky A(+29; 2,7)
Ta i30€JeKTPUYHY TOYKY aibOyMiHy, TepeTHe Tpadik 3aJieKHOCTI B Toulll B, me
{3 =-13 mMB 3a pH 6,1, To6TO 6aurmo, 1110

CalPHA) = —C (PHE) - (1

Omxe, miticHo xapakrep 3anexHocTi ¢ = {up(pH) acumerpuunuii. Buznaunmo

CTYIiHb aCHMETPUYHOCTI IIi€T 3aJIEKHOCTI:

Asym(Q)=(Ca=Ca )/ Ca, @)
3Bimku  orpumyemo  Asym(<) =0,55. Hexait x =pH-—pHo, Tomi piBHAHHS
A (X) # —C 5 (—X) Oyne omucyBaTH aCUMETPUYHICTE KPUBOI 3a51€XKHOCTI ¢ = (un(pH).

[Micnst momepeaHboro anaiizy puc. 1 Juist anmpokcuMallii eKcriepuMeHTaTIbHUX

pesynbratiB 3anexHocti ¢ = (u(pH) 3 ypaxyBanHsIM XZ-KpMTepi}o Oy oOpaHi
GyHKIIT BUITISILY

¢ = &o(exp(x) —1), (3)

¢ = ¢, tanh(x) - 4)

PesynbraTtu mopiBHsAHHSA po3paxoBaHux 3a Gopmyiaamu (3) i (4) pe3ynbTaris 3

SKCIIEpUMEHTATLHUMY JIaHUMH TIpeICTaBieHo Ha puc. 1. I3 puc. 1 BugHO, mo 3a

pH < pHy ekcriepumeHTansHa KpuBa 30iracTbest 3 JiHIER0, TTOOYIOBaHO0 32 GOopMYIOo0

(3), a3a pH > pHy ekcriepuMeHTaIbHI 3HAYEHHS KPaIIle aIpOKCUMYIOTHCSI KPHBOIO, SIKa
3amaetbes popmyroro (4).

2 3 4 5 6 7 8 9 pPH

Puc. 1. 3ane:xHoCTi A3eTa-MOTEHIialy MAKPOMOJIEKY.JI CHPOBATKOBOI0 aIbOyMiHy
JoauHy Big mokaznuka pH 3a 7 =298 K BoaHoro po3unHy X;J10puay HaTpio
3 koHuentpamiero 0,15 M (0,9 mac. %):
0l1i KPY’KKHU — eKcIIepUMeHTAIbHi 3HaYeHHs 3 podoTu (Jachimska, Wasilewska,
& Adamczyk, 2008, p. 6870); nyHKTHpPHA JiHisl — 3aJ1€KHiCTh, pO3paxoBaHa
3a ¢opmyJioro (3); cyniibHA JiHisI — 3a71€:KHiCTh, po3paxoBaHa 3a ¢opmy:oro (4)

236 Bunyck 1



MeauyHa ¢izuka - cydacHU# cTaH, Npo6JieMH, HUISIXU po3BUTKY. HoBiTHI TexHoJ1OTii

HeranbHuil aHami3 3aleKHOCTEH Ha puc. | Ta MOPIBHSHHS PO3PaXyHKOBUX
3HaUeHb JA3€Ta-TOTEHIially 3 eKCIICPUMEHTAaJbHUMH JaHUMH CBITYHTH, ILO
3aJIeKHICTh [3€Ta-MOTeHIiaTy MaKpOMOJIEKYJI CHPOBAaTKOBOTO allbOyMiHY JIIOMUHH Y
¢izionoriyHoMy po34MHI BiJ Moka3HWKa pH po3unHy MOXKHa anpoOKCHMYBaTH B
MEKax OXHOKU EKCIIEPUMEHTY (PYHKITIEIO

o1 [1—exp(a(pH —pHy)) ], pH < pHy,
Cop tanh(B(pHy —pH)), pH > pHy,

ne 401 i é/ 02 — TIMOTETWYHI 3HA4YeHHs J3eTa-moreHmiany 3a pH — 0, O 1 p —

)

Caib =

emmipuyHi koediientu, pHo 5,1. OTpumMani Taki YWcenbHI 3HAYCHHS BEIMYMH:
Cop =118,46, (o, =23,53, o=0,119, B=0,602, mpuuomy O6auumo, IO

Co1 =580, Ta p~5a.

3ayBaxuMo, IO BHIVISA QYHKIIH (5) 00paHO TaKUM YMHOM, MIO0 eMITipH4Hi
koediientn  Oyau  gomatHuMmH. CepenHs BiZHOCHA TOXMOKA —BIIXMIICHHS
MOJICJIIOBaHHS BiJl EKCIEPUMEHTAJIbHMX 3HA4YeHb HE mepeBummuna 5,5 % s
eKCroHeHIliiHOro HaOmmkenHs 3a pH <pHo ta 4,1 % nns HaOmmKeHHS 3a
JoroMororo QyHKIIii rinepoonivyaoro tanredca 3a pH > pHo.

Juckycist i BHCHOBKH

Y pobori 1moOymoBaHO MaTeMaTHYHY MOJIEIb 3aJIeKHOCTI J3eTa-IOTeHIIaTy
MaKpOMOJIEKYITH CHPOBATKOBOTO alibOyminy Jroauan y 0,15 M (0,9 mac. %) BomHOMY
PO3uMHI XJI0pUAY HATPito ((i310I0riuHMi po3unH) SK (YHKIIIT 3MiHK MMOKa3HUKa pH
BOJJHOTO OTOYCHHS. AHANI3 CKCIEPUMEHTAILHUX JIAHUX TI0Ka3aB 3HAYHY
ACHMETPUYHICTh BKAa3aHOI 3aJISKHOCTI BITHOCHO 130€TIEKTPHYHOI TOUKU adbOyMIiHy —
3HaueHHs pHo, 3a sKOro J3eTa-moTeHIian ajapOyMiHy JOPIBHIOE — HYIIO.
3anporoHoBaHa MaTeMaTH4YHa MOJIENb, SIKa alpOKCHMY€E EKCIIEPUMEHTAIbHY
3aJISKHICTD /[3€Ta-MOTEHITialy MaKpOMOIIEKyJ ans0ymiHy Bix pH po3unHy B Aiana3oHi
3aadeHb pH < pHy excrionentiiHo0 (yHKIi€er0, a B aianazoni pH > pHo dyHKmiero
rinepOomigHoro TaHrenca. OTpuMaHi CIIBBITHOMICHHS B MeXaxX IOXHOKA
EKCTIEpPUMEHTY aJIeKBaTHO BiJITBOPIOIOTh 3aJICKHICTh, OTPHMAaHY €KCIIEPHMEHTaTbHUM
IUITXOM: CepemHs  BiHOCHA TOXMOKAa  BIOXWIEHHS  MOJENIOBAaHHA  Bif
eKCIICpUMEHTAJbHIX 3HaueHb He mnepeBuumia 5,5 % 3a pH <pHo Ta 4,1 % 3a
pH > pHo. [lomanmbmmi po3Biaku OymyTh CHpsSMOBaHiI Ha JTOCIIHKEHHS 3aCTOCOBHOCTI
3anpOMOHOBAHOT MOJENI JUIA  3aleKHOCTEH J[3€Ta-MOTEHINATY MaKpOMOIEKYIT
anpOyMiHY SK (DyHKIIIi TEMIIEpaTypH Ta KOHIIEHTPAIlil XJIOPH Iy HATPifo.

Buecok aBtopiB: Aptyp ['yemicTuil — KoOHUeNTyami3allis, IOCITiKEHHS, (OpMabHHI aHawi3,
BaNifallisl JaHWX, HANKCAHHA — OpUriHambHA dYepHerka, Omnekciii XopombChbKH — METOMOOris,
JociikeHHs1, (GopManpHHUN aHami3, Bi3yami3ailis, Balijallis JaHUX, HAMHCAHHS — OpHIiHAIbHA
YepHeTKa, HalMCAHHs — TIePersi 1 pearyBaHHs.
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MATHEMATICAL MODEL OF THE DEPENDENCE OF THE ZETA POTENTIAL
OF HUMAN SERUM ALBUMIN ON THE pH OF THE SALINE

Introduction. The article is devoted to the construction of a mathematical model
of zeta potential dependence of the human serum albumin macromolecule of in a 0.15 M
aqueous solution of sodium chloride (saline) as a function of the pH change (acid-base
balance) of the aqueous environment.

Methods. The asymmetry of the specified experimental dependence relative to the
isoelectric point of albumin pHo 5.1, at which the zeta potential of the macromolecule equals
zero, was analyzed.

Results. A mathematical model is proposed, which provides division of the
dependence of the zeta potential of the human serum albumin macromolecule in saline as a
PH function into two intervals: 1) in the range of pH < pHo, an exponential function is used
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for approximation; 2)in the range of pH>pH, the experimental dependence is
approximated by the hyperbolic tangent function. Within the experimental error, the zeta
potential values calculated using the proposed mathematical model correlate well with the
experimental values: the average relative error is estimated to be less than 5.5 % at pH < pHo
and did not exceed 4.1 % at pH > pHo.

Conclusions. The obtained results can be used to create a physical model that
relates the spatial structure and electrophysical properties of the albumin macromolecule
when the pH of the solution changes.

Keywords: mathematical model, human serum albumin, zeta potential, pH, saline.
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BRAIN MRI IMAGES ADAPTIVE DENOISING
BY APPLYING NEURAL NETWORKS AND RANGE-BASED PARTITIONING

Introduction. The denoising autoencoder model for enhancing the quality of
T1-weighted brain magnetic resonance imaging (MRI) images are considered.

Methods. This model utilized deep learning methods and incorporated additional
components to improve performance and maintain structural integrity. The key elements
included convolutional layers for feature extraction, batch normalization for stability, dropout
for regularization, and a unique gradient constraint layer to preserve gradient smoothness.

Results. Aspecialized activation function classified pixel values based on predefined
ranges, ensuring the model’'s adaptation to varying intensity levels in MRI data. The
architecture consisted of an encoder-decoder structure with multiple steps of downsampling
and concatenation, facilitating the reconstruction of high-quality images. The combination
of these elements resulted in a robust model capable of reducing noise levels while
preserving important anatomical details.

Conclusions. The implementation of this autoencoder model enhanced the clarity
and diagnostic value of MRI scans, providing radiologists with improved tools for accurate
assessment. The study was conducted using a comprehensive dataset of Ti-weighted brain
MRI images.

Keywords: autoencoder, denoising, MRI Brain Images, deep learning, convolutional
neural network, gradient constraint, image reconstruction, medical imaging, DICOM.

Introduction

Medical imaging, particularly magnetic resonance imaging, holds significant
importance in medical diagnostics and treatment. However, these images often
contain noise or certain artifacts that can obscure fine details or introduce
extraneous features, affecting diagnostic accuracy (Aja-Fernandez, & Vegas
Sanchez-Ferrero, 2016). Therefore, noise reduction methods are currently a
relevant topic for enhancing the quality of MRI images, enabling more precise
and reliable clinical assessments.

This research focuses on developing an advanced denoising autoencoder model
specifically designed for T;-weighted brain MRI images. The proposed model
employs deep learning methodologies, particularly convolutional neural networks
(CNNs), to effectively reduce noise while preserving essential anatomical features
(Thakur et al., 2023). This approach integrates several innovations, with the primary

one being gradient constraint levels, to ensure optimal performance. By distributing
© Denys Sliusarenko, Netreba Andrii, 2024
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pixel values across specific ranges, the model adapts to varying intensity levels of
MRI data, offering an improved and adaptive noise reduction process.

MeTtoau

Dataset. The dataset used in this study includes Ti-weighted brain MRI images
obtained from publicly available databases and anonymized clinical data sets. Each
image in the dataset adheres to standard MRI protocols, ensuring consistency in
terms of resolution, contrast, and anatomical coverage. The images are preprocessed
to normalize intensity values.

Model architecture. At the core of the developed noise reduction system with an
autoencoder model, developed with a encoder-decoder architecture as in most
similar neural networks of noise reduction (Sliusarenko, Netreba, & Radchenko,
2023). The encoder extracts essential features from the noisy input images, while the
decoder reconstructs the noise-free images. The model incorporates several
advanced layers and techniques:

* Convolutional Layers: These layers apply convolutional filters to capture
spatial features at various scales. The filters are trained to identify noise patterns and
corresponding anatomical details.

* Batch Normalization: This technique normalizes the outputs of each
convolutional layer, ensuring stable and efficient training by mitigating issues related
to internal covariate shifts.

* Dropout Layers: Dropout regularization is used to prevent overfitting by
randomly disabling a fraction of neurons during training, promoting model
generalization.

* Gradient Constraint Layer: A unique addition to the model, this layer computes
image gradients and enforces constraints to preserve smooth transitions and edges.

The gradient layer, as well as the method of dividing images at the network input,
are new approaches to physical awareness, which have already begun to show
themselves well in denoising tasks (Ghalambaz et al., 2024).

Evaluation metrics. The denoising performance is evaluated using several
quantitative metrics:

» Peak Signal-to-Noise Ratio (PSNR): Measures the ratio between the maximum
possible power of a signal and the power of corrupting noise, indicating the quality
of the denoised image.

* Structural Similarity Index (SSIM): Assesses the similarity between the
denoised image and the ground truth image in terms of luminance, contrast, and
structure.

* Pearson Correlation Coefficient: Measures the linear correlation between the
denoised image and the ground truth image.

* These metrics provide a comprehensive evaluation of the model's ability to
reduce noise while preserving crucial anatomical details.

Results

Physics. Magnetic Resonance Imaging (MRI) utilizes powerful magnetic fields,
radiofrequency (RF) pulses, and gradient fields to create detailed images of internal body

ISSN 3041-1491 (Print) 241



BiomeanuyHa iHKeHepis

structures, including the brain (Cleary, & Guimaraes, 2014). The fundamental principle
is that hydrogen nuclei (protons) in body tissues, excited by the magnetic field and RF
pulses, return to their equilibrium state, emitting an RF signal that is detected.

The patient is positioned within a magnetic field generated by a large magnet.
This field aligns the hydrogen protons along the direction of the field.

Protons are excited using an RF pulse whose frequency corresponds to the
Larmor frequency of the protons. This pulse causes the magnetic moments of the
protons to tilt away from the main field.

After the RF pulse is turned off, the protons return to their equilibrium state, releasing
energy in the form of RF signals. This process is known as relaxation and consists of two
components: T relaxation (longitudinal) and T relaxation (transverse).

Ti-weighted images are obtained by measuring the signal during T; relaxation.
Tissues with short T times (e.g., fat) recover their longitudinal magnetization more
quickly than tissues with long T times (e.g., water). As a result, tissues with short
T, appear brighter on the image, while tissues with long T appear darker.

Distinguishing different tissues on MRI images is based on differences in T
and T, relaxation times and proton density. When choosing scan parameters such
as repetition time (TR) and echo sequence time (TE), you can focus on different
tissue types.

Short TR and short TE produce T;-weighted images where the white matter is
bright, and the CSF is dark.

The neural network layer formulas consider the physics of MRI, extracting and
preserving important features corresponding to different brain tissues, normalizing
data for learning stability, and imposing physical constraints on gradients to preserve
signal properties. This provides efficient model training for denoising T-weighted
MRI images.

We split the input images into pixel intensity ranges, and the network works with
each range separately and assembles the output image.

Certain key elements of the network can be identified.

Input image X is normalized to the range [0, 1].

Convolutional layers perform the convolution operation, which is determined by
the following formula:

Yijk = Zm,n WinnxXitm,j+n + Dk.

Convolutional layers are used to extract image features that can correspond to
physical properties of brain tissue, such as contrast and texture, and they extract
spatial features that may correspond to the structure and texture of different brain
tissues displayed in T; images.

The normalization layer performs the following operation:

Sl
Vo? + €
These layers consider the statistical properties of the data, which helps to stabilize
the learning process, reducing the impact of variations in the data.
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The gradient constraint layer imposes constraints on the gradients to account for
the physical properties of the MRI signal:

oY
Loss = Z(S_X)z )

This imposes physical constraints on the gradients, ensuring that the physical
properties of the MRI signal are considered when training the model.

At the end, decoding layers are used, which use reverse convolution and pooling
operations with the aim of restoring the image to the original dimension

Yi,j,k = Wr,n,n,kXi’+m,j+n + bllc ,
mn

Evaluation metrics results. During training we used different levels of
superimposed noise consisting of Gaussian and salt and pepper noise. A value of 5 %
randomly damaged pixels with salt and percolation noise and a uniform Gaussian
noise damage starting at 5 % and ending at 50 % are used throughout. To
qualitatively evaluate image recovery, we have traditionally focused on PSNR and
SSIM metrics (Mason et al., 2020). PSNR provides information about the overall
image quality by measuring the average difference between the original and
reconstructed image. PSNR provides information about the overall image quality by
measuring the average difference between the original and reconstructed image.

SSIM. SSIM measures the structural similarity between two images (Mudeng,
Kim, & Choe, 2022). This metric is because the human eye is more sensitive to
changes in image structure than to changes in signal energy.

SSIM(X, }/) — gzl'lxi;y + Cl)(zcxy + CZ) '
(13 + 15 + C) (0% + 05 + C)
SSIM values range from —1 to 1, where 1 indicates perfect structural similarity,
0 indicates no similarity, and negative values indicate anticorrelation. SSIM
considers three main components: luminance, contrast and structure, which makes
this metric more complex and accurate compared to simple methods such as PSNR.

Figure 1 shows the change in the structural similarity index value with increasing
noise level.

We can see that with an increase in the noise level, the value of SSIM decreases,
however, evenly and gradually. At a relatively low level of noise (0—10 %), SSIM
remains high (over 95 %), which means a high structural similarity between the
original and the noisy image. At a very high level of noise (around 50 %), the SSIM
drops to around 82 %, indicating a not very significant degradation of structural
similarity even at this high level of noise.

PSNR. PSNR is used to measure the quality of image reconstruction. This is the
ratio of the maximum possible signal power to the noise power, which affects the
quality of its recovery.

PSNR = 201 (—MAX’ )
= 0910 ,
VMSE

where MSE (Mean Squared Error) is calculated as follows:
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1 m n
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PSNR is measured in decibels (dB). A higher PSNR value indicates a higher
recovery quality, as it means a lower root mean square error.
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Fig. 1. Structural Similarity Index Measure Dependence of noise level
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Fig. 2. Peak Signal-to Noise Ratio Dependence on noise level

The fig. 2, like the previous one, shows that as the noise level increases, the PSNR
value decreases. At a low noise level (0—10 %), the PSNR remains high (over 35 dB),
which confirms the previous quality assessment and at high noise levels, the PSNR drops
to about 30 dB, which is still not a significant degradation, but no longer acceptable.

Pearson correlation. The Pearson Correlation Coefficient measures the linear
relationship between two variables (Ding et al., 2022). Its values vary from—1 to 1, where
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1 means a complete positive linear relationship (when one variable increases, the other
also increases), —1 means a complete negative linear relationship (when one variable
increases, the other decreases), 0 means no linear relationship between variables
The formula for calculating the Pearson correlation coefficient:
nYx;yi — Nxi LYi

\/[”inz —Cx)?|nTy? - Cy)A

We can consider that the reconstructed image matches the original very well if
there is a high correlation with values higher than 0.9. Additionally evaluating the
restoration of images with a lot of noise, we obtained a Pearson correlation value
higher than 99, which indicates a high linear correlation.

Discussion and conclusions

Developed a denoising autoencoder model to improve the quality of Ti-weighted
brain MRI images. A deep learning model based on a classic autoencoder was used.
The model was refined with additional layers for a more detailed restoration. A new
approach is presented that combines several innovations, the main one being gradient
constraint levels, to ensure optimal performance. By distributing the pixel values in
certain ranges, the model adapts to the different intensity levels of the MRI data,
offering an improved and adaptive noise reduction process.

Compared to other models that also give good results, our model uses a smaller
data set, and other models also use non-classical DICOM images, which is very
different from real clinical tasks.

It is shown that the use of this approach showed a high quality of denoising while
maintaining good detail and leaving the original values of the gradients that were in
the input image. We were able to obtain high recovery rates, as evidenced by SSIM
values higher than 90 % for noise levels up to 20 %, and this was confirmed by an
additional assessment of the peak signal-to-noise ratio, which also showed high
value of about 35 decibels for this noise level. We believe that this model still has
potential, but even such results are quite high given the new physics-based approach.

This approach has high potential because it is not based only on statistical features
of images and noise, as most of the denoising models that have already been
presented do. Our model uses physics as part of the denoising process. As further
research, additional physical parameters can be considered, as well as the
introduction of greater versatility into the model, to work not only with a certain type
of MRI images.

r =

Authors' contribution: Denys Sliusarenko — conceptualization, data curation, software, formal
analysis, investigation, validation, visualization, writing — original draft, writing — review & editing;
Andrii Netreba — supervision, funding acquisition.

Acknowledgments, sources of funding. This work was supported by the Taras Shevchenko
National University of Kyiv research project 22BF052-01.

ISSN 3041-1491 (Print) 245



BiomeanuyHa iHKeHepis

References
Aja-Fernandez, S., & Vegas Sanchez-Ferrero, G. (2016). Statistical Analysis of Noise in MRI.
Springer. https://doi.org/10.1007/978-3-319-39934-8
Cleary, J.O.S.H., & Guimardes, A.R. (2014). Magnetic Resonance Imaging. In L.M. McManus &
R.N. Mitchell (Eds.), Pathobiology of Human Disease (pp.3987-4004). Academic Press.
https://doi.org/10.1016/B978-0-12-386456-7.07609-7
Ding, K., Ma, K., Wang, S., & Simoncelli, E.P. (2022). Image Quality Assessment: Unifying
Structure and Texture Similarity. /EEE Transactions on Pattern Analysis and Machine Intelligence,
44(5), 2567-2581. https://doi.org/10.1109/TPAMI.2020.3045810
Ghalambaz, M., Sheremet, M.A., Khan, M.A., Raizah, Z., & Shafi, J. (2024). Physics-informed neural
networks (P INNs): Application categories, trends and impact. International Journal of Numerical Methods
for Heat & Fluid Flow, 34(8), 3131-3165. https://doi.org/10.1108/HFF-09-2023-0568
Mason, A., Rioux, J., Clarke, S.E., Costa, A., Schmidt, M., Keough, V., Huynh, T., & Beyea, S.
(2020). Comparison of Objective Image Quality Metrics to Expert Radiologists' Scoring of Diagnostic
Quality of MR Images. [EEE Transactions on Medical Imaging, 39(4), 1064-1072.
https://doi.org/10.1109/TM1.2019.2930338
Mudeng, V., Kim, M., & Choe, S. (2022). Prospects of Structural Similarity Index for Medical
Image Analysis. Applied Sciences, 12(8), Article 8. https://doi.org/10.3390/app12083754
Sliusarenko, D., Netreba, A., & Radchenko, S. (2023). MRI Denoising Neural Network
Architecture Convolution. 2023 IEEE 12th International Conference on Intelligent Data Acquisition
and Advanced Computing Systems: Technology and Applications (IDAACS) (1, pp. 968-971). IEEE
Explore. https://doi.org/10.1109/IDAACS58523.2023.10348629
Thakur, R.S., Chatterjee, S., Yadav, R.N., & Gupta, L. (2023). Chapter 5—Medical image denoising
using convolutional neural networks. In S.S. Rajput, N.U. Khan, A.K. Singh, & K.V. Arya (Eds.),
Digital  Image  Enhancement and  Reconstruction  (pp. 115-138).  Academic  Press.
https://doi.org/10.1016/B978-0-32-398370-9.00012-3
OTpumano penakuiew 30ipauka / Received: 06.09.24
IIpopenenszoBano / Revised: 20.09.24
CxBajeHo a0 aApyky / Accepted: 23.10.24

JAenuc CJINCAPEHKO, acm.

ORCID ID: 0009-0009-1802-5859

e-mail: d.fulhem@gmail.com

KuiBcbkuii HanioHa/IbHUHM YHiBepcuTeT iMeHi Tapaca llleBuenka, KuiB, Ykpaina

Anpgpiiit HETPEBA, kaHng,. ¢i3-Mart. HayK, Ao1l.

ORCID ID: 0000-0003-1347-3854

e-mail: avh@univ.kiev.ua

KuiBcbkuii HanioHabHUM yHiBepcuTeT iMeHi Tapaca llleBuenka, KuiB, YkpaiHa

AJANITUBHE 3HEHIYMJIEHHA MPT-306PA’KEHb MO3KY
3 BUKOPUCTAHHAM HEHPOHHUX MEPEX
TA PO3BUTTA HA JIAITA30OHHU

BcTtyn. Po3po6ieHo Modesb agsmoeHKkodepa 0451 3HEWYM/1eHHS, NpU3Ha4eHy 051
nokpauwjeHus1 sikocmi Ti-3eadiceHUX MmazHiIMHO-pe30HAHCHUX momozpadiunux (MPT)
306pasiceHb MO3KY.

MeTtoau. lla modeav sukopucmogye memodu 21u60K020 HABYAHHA i Micmumb
dodamkogi KOMNOHeHmMu 0/ hideuujeHHs1 NpPodyKmMueHocmi ma 36eperceHHs
cmpykmypHoi yinicnHocmi 306pasiceHs. Kalouoeumu esnemeHmamu € 320pmkosi wapu 045
8uJ/1y4eHHs1 03HAK, HopMasi3ayisi nakemia 411 cma6iabHocmi, dropout 045 peayaspusayii
ma yHikaasHuil wap 2padieHmMHux o6MediceHb 015 36epexceHHs1 naaeHocmi 2padieHmie.
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IlopieHsaHO 3 IHWUMU MO0deaaMuU, SIKI MaKoxic dalomsb Xopouwli pe3yibmamu, Hawa mModeb
euKopucmogye meHwuii Ha6ip daHux. IHwi modesi makoixc 3acmocogyioms HeKAacCUu4Hi
DICOM-306pasiceHHs1, Wo cu1bHO 8idpi3HsIEMbCA 8i0 peasbHUX KATHIYHUX 3A80aHb.

PesyabTaTu. Cneyiarizoeana hyHkyis akmueayii kaacughikye 3HaueHHs nikcenie
Ha ocHosi nonepedHb0 eu3Ha4yeHux diana3oHis, 3abe3neuyioyu adanmayilo modeni Ao
Pi3Hux pieHie iHmeHcusHocmi 8 daHux MPT. Apximekmypa cki1adaembuvcsa 31 cmpykmypu
eHKodep-deKodep i3 KiAbKOMa emanamu NOHUMCEHHS 8UGIpKU ma KoHkameHayii, wjo
cnpusiio 8i0meopeHHI0 8UCOKOSIKICHUX 306padiceHb. IIoeOHaHHS Yyux esiemeHmie npueeso
do cmeopeHHs HaditiHoT Modei, 30amHoi 3HUMCYysamu pigHi wymy, 36epizaiouu npu ybomy
eaxcauei anamomiuHi demani. O0HOI0 3 nepesaz po3po6.1eHoi modesi € BUKOPUCMAHHS
DICOM-306pasicenb 3amicmb  KAACUYHO20 nidxody 3 eeAukumu HaGopamu jpeg-
306pasciceHs, SIKI 4Yepe3 €010 npupody maiomb empamu i CnOmMeopeHHSs, Ujo MOduce
npuseecmu do Henpasu/ibHOI dia2HOCMUKU.

BucHoBKU. Bukopucmanusi DICOM-306pasiceHb dae Ginbwl no8Hy KapmuHy i
Micmumb yci Heo6xidHi demasi Medu4HO20 306pasiceHHs], AKi HamM eda.1ocsa eidHosUMU
nicasi 3acmocysaHHsl pi3HUX pieHie wymy. 3acmocyeaHHs yiei mModesni aemoeHkodepa
nokpawuso 4imkicms i diacnHocmu4Hy yiHHicme MPT-ckaHis, 3a6e3neuyioyu padioozie
Kpawjumu iHcCmpyMmeHmamu 0151 mo4Hiulo20 oyiHioeaHHs. [locaiddiceHHs G6y/10 npogedeHo
HA 0CHO8I KOMN/EKCHO20 Ha6opy daHux T1-3eaxceHux MPT-306pasiceHb MO3KY.

Knw4yoBi caoBa: aemoeHnkodep, 3Hewym.iaeHHs, MPT, 2au6oke Ha84aHHS,
20pmKoea HelpoOHHa Mepedica, 06MeXdCeHHs1 2padiecHma, 8i0HO0B/1IeHHSI 306pajXceHHs,
MeduyHa sizyanizayis, DICOM.
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1[HcTUTYT AAepHUX Aocaiaxens HAH Ykpainu, Kuis, Ykpaina

PO3POBKA TA OIITUMI3ALIIA
BOJIb®PAMOBUX MATPUYHUX KOJIIMATOPIB
JIJIS1 TIPOCTOPOBO ®PAKILIIOHOBAHOI PAJIALIIMHOI TEPAIII|

Bctyn. Ilpocmoposo ¢ppakyionoeana padiayilina mepanis € nepcneKmueHUM
MemodomM JIKYy8aHHS OHKO/02[YHUX 30X80pPI06AHb, Wj0 00360/5€ 3MeHWUmMuUu d0308e
HA8AHMAXCEHHA HA 300P068i MKAHUHU.

MeTtoau. JocaidxnceHo efhekmusHicms 80n1bgipamosux Mampu4HuUx Koaimamopie
da5 npocmopoeo pakyionoeanoi padiayiiinoi mepanii (IIPPT). IIpoeedeHo cumyaayii
Monme-Kapao ma ekcnepumeHmaavHi 0caidxiceHHA 015 OYiHIO8AHHA (hpakyioHy8aHHs
ny4kie 2aMmma-keaHmie ma es1eKmMpoHise.

PesyabTaTu. Ilokazano, ujo nido yac onpomMiHeHHA HE2AUGOKUX NYXJAUH MOMCHA
docsizmu 8ucoKux nokasHukie gppakyionyeanHs 3 PVDR (gidHoweHHs1 MakcuMaabHOI do3u
do MiHiMaabHOI do3u nicaa koaimamopa) - nowad 10. JocaiddiceHo eniue moswjuHu
Kos1lmamopa ma eHepeii onpomMiHI08a16HUX ny4YKie Ha efekmueHicmes hpakyioHy8aHHsI.
Bug4yeHO po/1b 6MOPUHHUX YACMUHOK y (HopMyeaHHi 00306020 NoAsA. 3anponoHO8aHO
KOHCMpPYKYil0 MO0Jy/bHO20 B80.16Hipamoeo20 Kojaimamopa, ujo 0038045€ 2HYYKO
adanmysamu napamempu onpoMiHeHHS1.

B ¥ c H 0 B kK U. OmpumaHi pe3yimamu Moxcyms 6ymu 8UKOpUcmaHi d/151 600CKOHA/1eHHS
Memodie [IPPT ma nidsuwjeHHs1 efieKmueHoCcmi /1iKy8aHHs1 OHKO0.102{4HUX 30X80PI08AHb.

KnwuyoBi cuoBa: npocmopoeo ghpakyionoeaHa padiayiiina mepanisi, Mode1106aHHS
Moume-Kapao, CERN Fluka, npomeHeea mepanis, MiHinyykoea mepanisi, memaseegi
Mampu4Hi kosnimamopu, PVDR.

Beryn

[IpocTopoBo (pakmioHoBaHa pajiaimiiiHa Teparisi € MePCIeKTUBHUM METOIOM
JIKyBaHHS ~OHKOJIOTIYHHMX 3aXBOPIOBaHb, IO JO3BOJSIE 3MEHIIMTH JI030BE
HaBaHTO)KEHHS Ha 300poBi TKaHWHH. Lleii mMerom Oa3yeTbcsi HAa BHKOPHCTaHHI
MPOCTOPOBO MOJYJILOBAHHX IIOMIB ONPOMIHEHHS, SIKI CTBOPIOIOTHCS CKaHYBAaHHSAM
MIKpOITy4YKiB aJIpOHIB 200 3a JOMOMOrOI0 CIeliadbHUX KoiimartopiB. KirouoBum
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enemenToM [IDPT y apyromy mMeToni € MaTpuyHi KOIiMaTropH, siki GOpMYyIOTh 1030B€
oJie YTBOPEHUMH MiHITyYKaMH BiAMIOBIAHO 10 KOHCTPYKLiT MATPUYHOTO KOJTIMaTopa.

OcHoBHa ines [IOPT momsrae y CTBOpEHHI HEOMHOPITHOTO PO3MONLTY JIO3U 3
Jliarna3oHaMH BHCOKOI Ta HU3bKOI IHTEHCHBHOCTI ONPOMIHIOBAIBHMX MydkiB. Lle
JIO3BOJISIE TOCSITTH BHCOKOI 1031 B MYXJIMHI, 32 3MEHIIICHOTO HABAHTAXKCHHSI Ha 3710POB1
TkaHuHU. EdeKTrBHICTH Takoro migxomy Oa3yeTbcsi Ha Pi3HIA PajioqyTIHMBOCTI
HOpPMaJIBFHUX Ta MYXJIMHHUX KJITHH, a TaKOK HA 30AaTHOCTI 3M0POBMX TKAaHUH 0
BiZIHOBJICHHS BiJI OTpUMaHHsI HeoHOpiHOI 103U (Yan et al., 2020, pp. 20-38).

Onrtumizanis reoMerpii Ta MaTepiaidy KOJiMaTopiB € Ba)KIIMBUM 3aBAAHHIM JUIS
miBHIIEHHS e(eKTHBHOCTI JiKyBaHHs. Bing BuOopy warepiany, TOBIIMHH
KoJliMaTropa, po3MipiB OTBOpPIB Ta IX B3a€MHOIO PO3TAIyBaHHS 3aJICKHUTh SKICTh
(dpakiionyBaHHsI MydYKa, 10 0E3MOCEPEIHbO BILIUBAE HA TEPANICBTUYHHUMA €(EKT.
ToMy moCHipKeHHS ONTHMAaJbHHX MapaMeTpiB KOIIMATOpiB € aKTyaJbHHM
3aBJIaHHAM JUIS pO3BUTKY MetoiB [IDOPT.

Metoau

Y mporeci  JOCTIIKEHHS  3aCTOCOBAHO  KOMITIOTEPHE  MOICIIOBAHHS — Ta
EKCIIEPUMEHTAIbHY ~ YaCTHHY. EKCIIGpUMEHTH  TIPOBONMIIMCS Ha  MEIUYHOMY
niprickoproBadi LINAC 3 THIIOBOIO TepaneBTUUHO eHepriero 625 MeB. Bincrans Bin
MPHUCKOpIOBaYa JI0 KoiiMaropa craHoBiia | M. EkcniepumeHT OyB HaliieHWHd Ha
JIOCIT/DKEHHS ePEKTUBHOCTI (hpaKIliOHyBaHHSI ITy4YKa raMMa-KBaHTIB 3 eHepriero 6 MeB
METaJICBUM KoJliMaTopoM. Po3Imomiin iHTEeHCHBHOCTI CTBOPEHUX KOJIIMATOPOM MIHIITYUKIiB
(horoniB BUMiproBaym MikponikcensarM aerekropoM TIMEPIX (koma6opartis MEDIPX,
CERN) i3 uymmBoro ginsHkoro 14X 14 oM (256 X256 mikcemiB 3 po3MipoM
55 x 55 MiM®). CerMeHTaIlisl IeTEKTOpa JI03BOIAE OTPHMATH JBOBUMIpPHE 300pakeHHs
mpodimo myuka B peabHOoMYy 4aci (Pugatch et al., 2012, p. 682).

st ppakirionyBaHHS ITy9YKa BUKOPHCTOBYBAIIMCS JBAa THIIH KOJIMAaTOPIB:
JMATYHHUN 1 CBUHIEBUH. JIaTyHHUH KOMiMaTop MaB TOBIMHY 2 CM 1 MICTUB 6 IIUTHH
MUPUHOIO | MM 13 BIiICTaHHIO MDKX LEHTPaMH CYCIIHIX HIIWH 2,5 MM Ha IJIOMII
30x30 cm?. CBUHIICBHI KoIiMaTOp € 30IpKOI0 13 INIACTHH TOBIIMHOI 3 MM i3
MaTpHIICIO 0TBOPIB 5%5, miamerpoM 1 MM i kpokoMm 3 mm (puc. 1).

s oniHtoBaHHA epeKTUBHOCTI (PpaKIioOHyBaHHS ITPOBENEHO CUMYIIALi MoHTe-
Kapmno B mporpamanx makerax GEANT4 ta FLUKA (CERN). Lli mporpani xomu
JIO3BOJISTIOTh  MOJICTIOBATH TPOXODKEHHS 10HI3YFOUOTO BHIIPOMIHIOBAaHHS dYepes
PEUOBHHY 3 YpaxyBaHHSIM YCiX (I3UYHHX TPOIECIB B3aeMOMil. Y CHMYISIIfAX,
30KpeMa, pO3MISHYTO Mojenb (aHTOMa y BHIMSAI Kyba 10x10x10cM® i3
IJIEKCUTIIACY, IO iMiTye Oionoriuny TkanuHy. BonshpamoBuii KomimMaTop po3mMipom
4x4 cM® i moBxumHOIO 9—12 cM posTamoByBaBcs mepen (aHTOMOM. Y IIEHTpi
KomiMaropa Oyia0 3MOAEThOBAaHO MATpPHUII0 OTBOpIB 5X5 miamerpom 1 MM Ta
BIJICTAaHHIO MiXX IIEHTPaMH OTBOPIB 3 MM.

[IpoBeneno cumynswii [y ABOX THITIB BUITPOMiHIOBaHHS:

* raMMa-KBaHTH 3 eHeprieio 25 MeB, 110 BinmoBigae MakcuMaibHIN eHeprii, ska
BHKOPHCTOBYETHCS B Cy4acHii MpOMEHEBIH Teparii;

* eJeKTpOHH 3 eHeprieto 18 MeB, mo € TUIIOBOIO €HepTielo JUIsl eNeKTPOHHOT
Tepartii.
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Jns KOKHOTO THITy BHITPOMIHIOBaHHs OyiM TpPOBEAEHI CHUMYIISALIi ISl pi3HOT
TOBUIMHM KONIiMaropa 3 METO0 BH3HAYCHHS ONTHMAJIbHUX MapaMeTpiB.
OuiHIoBaIMCS Taki XapaKTEPUCTHKH, SIK PO3IOILT 03U MO TIMOWHI, MPOodisb mydka
Ha pI3HUX IMOWHAX, CiBBigHOMmIEHHs MiK-qonuHa 103U (PVDR), a Takox BHECOk
BTOPUHHHUX YACTUHOK y (HOPMYBaHHS JJO30BOTO TOJS.
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Puc. 1. [IporoTun cBUHIEBOr0 KoJiMaTopa:

a) KpecJeHHs IUIACTUH 3 OTBOPaMH — eJIeMeHTH 30ipKu KoxiMaTopa,
0) ¢oro 3i0paHoro kosiMaropa 3i CBUHIIO

Pe3yabraTn

ExcriepuMeHTalIbHI Pe3y/IbTaTH MOKA3aId MOXIIUBICT (DPaKI[IOHYBaHHS ITy4Ka
raMMa-KBaHTIB 3 eHepriero 6 MeB 3a momomMororm JaTyHHOTO Ta CBHHIIEBOTO
komimMaropiB. i jaTyHHOTO KomiMaTopa TOBIIMHOIO 3.5 cM mocarHyro PVDR
omu3bko 3-4 (Anokhin, & Ramazanov, 2023, pp. 5-8). 31 CBUHIIEBUM KOIIMAaTOpOM
CIOCTEPIra€ThCca TMOKpAIleHHS (PaKI[iOHyBaHHS TMPH 3MEHIIEHHI TOBIIMHH, IO
MOXKe OyTH TOB'SI3aHO 3 0COOIMBOCTSIME BUTOTOBJICHHS Ta SKICTIO OOPOOKH OTBOPIB.

Cumymanii Monte-Kapno migTBepamiu eKCleprMEHTalIbHI pE3yIbTaTH Ta
TTOKa3aJId, 10 BOIL(PaM € ONTUMAIBHUM MatepiaioM st komiMmaropis IIOPT gepes
BHCOKY HIUTFHICTh Ta MiHIMadbHY HEOOXiAHY TOBIIHMHY JJIS TOTJIMHAHHS ITy4YKiB
BHUIPOMiHIOBaHHS. Jl7is1 TaMMa-KBaHTIB 3 eHepricro 25 MeB Onm3bke 10 MOBHOTO,
TIOTIIMHAHHS JIOCSTAETHCSI 32 TOBIIMHU BOJb(ppaMmy OMH3BKO 6 CM, TOmI AK IS
CBUHITIO IOTPi6HO Onm3bko 10 oM, a ans 3aii3a 4u JatyHi — onm3eko 20 cm (Geant4
10.6.2 106 events QGSP_BIC HP).

Jiis ramma-kBaHTIB 3 eHeprietro 25 MeB ontumansHa TOBIIMHA BONB(PAMOBOTO
KonmiMaTopa craHoBUTh 12 cM. IIpu upomy nocsraetscst PVDR 6mm3bko 12 Ha Bxomi
y ¢aHTOM, IO CBIAYUTH NPO BUCOKY sKicTh (pakuionyBanHa (PamasaHoB, &
AnoxiH, 2023a, c. 70-76). OgHak cHocTepira€Tbcsi IIBUAKE 3racaHHI eQeKTy
¢pakuionyBanHs 1o rmuOuHI: Ha mOuHI 1 cM PVDR 3Hmxyetscs mo 5, a Ha
rubuHi Bifg 3 cM — 10 2 cm. Lle moB's3aHO 3 po3ciroBaHHSAM NEpBUHHUX (DOTOHIB Ta
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reHepali€lo BTOPUHHUX ENEeKTPOHIB, SIKi MPU3BOAATH 10 "pO3MHBaHHS" MOYaTKOBOI
CTPYKTYpH ydKa (puc. 2a).

J71s1 enekTpoHHOro ImyyKa 3 eHeprieto 18 MeB onTuMaibHa TOBIIMHA KolliMaTopa
cranoBUTh 9 cM. Ha Bxozi y ¢panTom nocsiraetbes PVDR 6nu3bko 20, o € 3Ha4HO
KpalluM IOKa3HUKOM, HDK Juis ramma-kBaHTiB (PamaszanoB, & AnoxiH, 2023b,
c. 626—636). Ilpore cmocrepiraeTbCsi LI IIBUAILIE POMHUBAHHA MPOCTOPOBOIO
(dpaxiionyBanHs o ruOuHi: Ha TOMHI 1 cM PVDR 3HuXkyeThcsl 10 3HaUYeHb
OnMM3bKO OAMHHWII, a Ha TIMOMHI 2 cM (pakmioHyBaHHs Maike 3HHKae. Lle
MOSICHIOETHCSI  OUThII  IHTGHCMBHUM PO3CIIOBAHHSIM €ICKTPOHIB Y PEYOBHHI
nopiBHAHO 13 poronamu (puc. 20) (Fluka 4.2 10"7 events).
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a) 0)
Puc. 2. Po3noain nocrasiieHoi 1034 B KOIiMaTOpi, cepeaoBHUILI HABKOIO0
Ta (paHTOMIi B3/10BK MyYKa raMMa-KBaHTIB 3 eHeprieto 25 MeB (a),
eJIeKTpoHiB eHepriero 18 MeB (0)

Y. CM

V.o

BaxxuBy pons y popmyBaHHI mpodisto q03u BiAirpaloTs BTOPHHHI YaCTHHKH.
JU71st raMMa-KBaHTIB €HEPTeTHYHUH CIEKTP BTOPUHHUX €IEKTPOHIB Ma€ MAKCUMYM B
miamazoni  20-25 MeB, mo icrorHo BrumBae Ha posmomial  mo3u.  Lli
BHCOKOCHEPTeTUYHI €NeKTPOHW [Aal0Th 3HAYHWA BHECOK y 03y Ha IHOWHI,
9aCTKOBO KOMIICHCYIOUH OCITAa0IeHHs IEPBUHHOTO ITy4Ka. Y BUMAJKY €IEKTPOHHOTO
Iydka TEHEPYeThCS 3HAYHA KITbKICTh BTOPMHHUX TaMMa-KBAaHTIB YHACHTIIOK
TaJIbMiBHOTO BUIIPOMIHIOBaHHSI, aJie IXHill BHECOK Y /103y MEHIII 3HAYHU I MOPIBHSHO
3 IEPBUHHHUMH €JIEKTPOHAMH.

Ha ocHOBi oTpuMaHHX pe3ynbTaTiB pO3poOJIEHO TpU Bepcii KOHCTPYKIIIN
MOIYTEHHUX BONB(pPaMOBUX KoliMaTopiB. KomiMaTopw CKIamaloThCS 3 OKPEMHUX
TUTACTUH TOBIIMHOIO 3 MM, IO JO3BOJISIE THYYKO HAJALITOBYBATH MAapaMETPH Iij
pi3Hi eHeprii Ta TunM mydkiB. LleHTpanbHI MIACTHHU MarOTh OTBOPU AiaMETPOM
1 MM a5t popmyBaHHS (PaKLIOHOBAHOTO ITyYKa. 3alIPOIIOHOBaHA KOHCTPYKLIS A€
MOXIMBICTh JIETKO 3MIHIOBATH TOBIIMHY KONIMaropa Ta KUTBKICTh KaHANIB,
aJarTyo4d HOTO i/l KOHKPETHI YMOBH OIPOMiHEHHSI.
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MonynbHa KOHCTPYKIIisl KOMiMaTopa Ma€ psifl iepeBar, a caMe:

* THYYKICTh Yy HaJalITyBaHHI HapameTpiB (pakmioHyBaHHS HUISIXOM 3MiHU
KUIBKOCTI1 Ta pO3TallyBaHHS OTBOPIB;

* MOXJIMBICTh CTBOPEHHS CKJIQJHHUX FE€OMETPIii OMPOMIHEHHS JUTsl afanTallii 10
($hopMHU yXITHH;

* GKOHOMiYHa  e(eKTHBHICTh 32 PpPaxyHOK MOXIJMBOCTI  HOBTOPHOI'O
BUKOPHCTAHHS OKPEMHUX CIIEMEHTIB.

Juckycisi i BHUCHOBKH

[IpoBeneHi exkcrepUMEHTANIbHI JOCHKeHHS Ta cuMyisanii Monte-Kapio
MiATBEPAWIH MOXIIMBICTh JOCSTHEHHS BUCOKHX MOKAa3HHKIB (PpakilioHyBaHHS
(PVDR > 10) nns raMMma-KBaHTIB Ta CIEKTPOHIB MNpPH  BUKOPHCTaHHI
BOJIbppaMOBUX  KOJIIMATOPIB  ONTUMajbHOI TOBIIMHM. lle CBimUMTH TIPO
MepcrekTUBHICTh  3acTtocyBanHa [IOPT  jmnst  sikyBaHHS — TMOBEPXHEBHX
HOBOYTBOpeHb. OJJHAK BUSBICHO IIBUJKE 3racaHHs edekTy (QpakiioHyBaHHS 110
IO HI, 1110 00MEXYE 3aCTOCYBaHHS METOJY JUTSI TIIMOOKO PO3TAIIOBAHMX MYXJIHH.
Ile Bka3ye Ha HEOOXIIHICTh IMOAAIBIIMX IOCTIKEHb IS PO3POOKH METOIIB
30epexeHHs CTPYKTYypH (PPaKiliOHOBAHOTO MMyYKa Ha OUIBIIMX TITMOUHAX.

3ampornoHoBaHa KOHCTPYKIIiSI MOJYJIBHOrO  BOJNB(PPaMOBOrO  KoJiMaTopa
JI03BOJISIE THYYKO HAJIAIITOBYBATH HOTO MapameTpy Iij Pi3HI YMOBH OIPOMiHEHHS,
IO € MEePCIEeKTUBHUM ISl TIOAAJBIINX JIOCTIHDKEHb Ta KIHIYHOTO 3aCTOCYBAHHS
[T®OPT. Taka KOHCTPYKITiS MOXE CTAaTH OCHOBOIO JUIsI CTBOPEHHS aIalITHBHUX CHCTEM
OTPOMIHEHHS, SKi TO3BOJISATH ONTHMI3YBaTH PO3MOALT JO3U JUIS KOKHOTO
KOHKPETHOT'O TIAIli€HTA.

OTrpuMaHi pe3yabTaTH MOXYTh OyTH BHKOPHUCTaHI UIS TPOEKTYBAaHHS HOBHX
KOJIIMATOpIiB 3 MiABUIICHOK €()EKTHBHICTIO ()OPMYBAaHHS TEPAIIEBTHYHOIO ITyYKa.
BoHu TakoX Jal0Th BOKIMBY 1H(MOPMAIIO A1 PO3POOKH MPOTOKOMIB JIIKYBaHHS 3
pukopuctanusam [IOPT.

[omambmii mocmimkeHHss OyAyTh CIIPSIMOBaHI Ha eKCIIEPUMEHTAIIbHY MEepeBIpKy
po3po0IeHnx Mozernelt Ta OIiHIOBAHHS iX BIUTUBY Ha 030BHil po3monin mpu [IOPT.
BaxuBuM HarmpsiMoM € TaKoXX TMOMIYK NUISIXIB 30UIbIIEHHS TTHOWHN e(heKTHBHOTO
(hpaxiioHyBaHHS, IO MOXKE TependadaTd BHUKOPUCTAHHS KOMOIHOBaHHX METOIiB
orpoMiHeHHs a00 po3poOKy HOBUX MaTepialliB I KOJIiMaTopiB.

[Nomanbmri po6oTu OyayTh MPUCBIYEHH] JOCTIIKEHHIO aKTHUBAIlii BOIb(pamy Imia
TI€F0 10HI3yF0Y0TO BUIIPOMIHIOBAaHHS.

Buecok aBTopiB: /IMutpo PamMazaHOB — eKCIIEpUMEHTH, HAIMMCAHHS YepPHETKH crarTi; Irop AHOXIH —
nporpamHe 3a0e3leueHHs, MOJENOBaHHs, (GopMmanbHuil anami3; Banepiii [lyrad — koHueriis,
METOONOTIsl JOCHiKeHb, peaaryBants; Onekciit KoBajapuyk — TeXHika eKCIICPHUMEHTY, HAIIMCAHHS —
neperisiy i pefaryBaHHs.

IMonsiky, mxepena ¢inancyBanusi. J[aHa pobora BUKOHYBajacsi B paMKax ACKUIBKOX TeM Ta
rpanriB: 0116U002883 "Po3pobka (i3uKO-TeXHIYHUX MPHHIMIIB MPOCTOPOBO (paKI[ioOHOBAaHOT
afpoHHOl Tepamii" mpu iHCTUTYTI saepuux mocmimkens HAH Vipainm; Ne ©31-2021 "Po3pobka
JCTEKTOPHUX CHCTEM JUIs CKCIePUMEHTIB Ha IPHCKOPIOBaYaX Ta TEXHONOTiH i  Gi3uku
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DEVELOPMENT AND OPTIMIZATION
OF TUNGSTEN MATRIX COLLIMATORS
FOR SPATIALLY FRACTIONATED RADIATION THERAPY

Introduction. This study investigates the effectiveness of tungsten matrix
collimators for spatially fractionated radiation therapy (SFRT). The research combines
experimental studies and Monte Carlo simulations to evaluate the fractionation of gamma-
ray and electron beams. The results demonstrate the possibility of achieving high
fractionation indicators (PVDR over 10) for irradiation of shallow tumors.

Methods. The experiments were conducted using a Varian Clinac iX medical
accelerator with 6 MeV gamma-rays. Two types of collimators were tested: brass and lead.
Monte Carlo simulations were performed using GEANT4 and CERN Fluka software packages,
modeling a 10x10x10 cm plexiglass phantom and a tungsten collimator with a 5x5 matrix
of 1 mm diameter holes.

Results. The study examined the effects of collimator thickness and radiation energy
on fractionation efficiency. For 25 MeV gamma-rays, the optimal tungsten collimator
thickness was found to be 12 cm, achieving a PVDR of about 12 at the phantom entrance. For
18 MeV electrons, a 9 cm thick collimator provided a PVDR of about 20. However, the
fractionation effect rapidly diminished with depth for both radiation types. The role of
secondary particles in dose distribution formation was also investigated. For gamma-rays,
high-energy secondary electrons significantly contributed to the dose at depth. For electron
beams, secondary gamma-rays from bremsstrahlung were less significant compared to
primary electrons.

Conclusions. Basedon theseresults, three versions of modular tungsten collimator
designs were developed. These collimators consist of separate 3 mm thick plates, allowing
flexible adjustment of parameters for different energies and beam types. The study concludes
that while SFRT shows promise for treating surface neoplasms, the rapid decay of the
fractionation effect with depth limits its application for deep-seated tumors. The proposed
modular collimator design offers flexibility for further research and potential clinical
applications in adaptive irradiation systems.

Keywords: spatially fractionated radiation therapy, Monte Carlo simulation, CERN
Fluka, radiation therapy, mini beam therapy, metal matrix collimators, PVDR.
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THE EFFECT OF A DYNAMIC PHASE TRANSITION IN WATER
ON THE ELECTROPHYSICAL PROPERTIES
OF AQUEOUS ALBUMIN SOLUTIONS

Introduction. The structure of human serum albumin (HSA) in aqueous solutions
undergoes significant changes depending on temperature, concentration, acid-base balance
(pH), the presence of salts, etc.

Methods. The temperature dependence of the zeta potential of human serum
albumin macromolecules (1 g/l) in a 0.075M (0.45 wt. %) aqueous solution of sodium
chloride in the temperature range (30-75) °C at the initial pH 7.4 was analyzed.

Results. Experimental values of the zeta potential increase sharply from -27 mV at
the temperature of 30°C to zero at around 42°C, and then oscillate near zero up to the
denaturation temperature. In the vicinity of 42 °C a dynamic phase transition in water occurs,
which divides the range of the liquid phase of water into two intervals: in the first interval,
the thermal motion of water molecules has a crystal-like character, and in the second
interval, water molecules move like ones in argon, i.e. the movement of molecules has an
argon-like character.

Conclusions. The analysis shows that the temperature dependence of the zeta
potential of albumin macromolecules in dilute aqueous solutions near the temperature of the
dynamic phase transition in water is similar to the behaviour of magnetization around the Curie-
Weiss critical point for the simplest magnets. Thus, the zeta potential can be considered as an
order parameter for the thermodynamic Landau potential, which has the same structure as for
the simplest magnets near their Curie-Weiss critical points. Further research will be aimed at
studying the peculiarities of the applicability of the revealed analogy for the zeta potential of
albumin macromolecules under different conditions of the solution.

Keywords: dynamic phase transition, human serum albumin, zeta potential,
aqueous solutions.

Introduction
The structure of human serum albumin (HSA) in aqueous solutions undergoes
significant changes depending on temperature, concentration, acid-base balance

(pH), the presence of salts, etc. With a change in the pH value in the solution, the
© Khorolskyi Oleksii, Fudulei Natalia, Stoliaryk Oksana, Zhang Wei, 2024
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charges of amino acid residues of macromolecules also change, and therefore the
total charge of albumin macromolecules. The redistribution of charges on the surface
of the macromolecule leads to a change in the spatial structure of the macromolecule
and contributes to the processes of oligomerization of albumin macromolecules
(Barbosa et al., 2010). Although a significant number of works have been devoted to
the study of the structure of albumin in aqueous solutions, there is currently no
effective model for the relationship between the structure and electrophysical
properties of the albumin macromolecule and changes in the properties of aqueous
solutions. The goal of this work is to clarify the influence of a dynamic phase
transition in water on the temperature behavior of the zeta potential of HSA
macromolecules in an aqueous solution of sodium chloride.

Methods

Experimental data on the temperature dependence of the zeta potential of human
serum albumin macromolecules in aqueous solutions of sodium chloride are taken
from (Bardik et al., 2020, p. 4). Human serum albumin powder was dissolved in
0.075 M (0.45 wt. %) aqueous sodium chloride solution at an initial pH 7.4 at 30 °C
to obtain a protein concentration of 1 mg/ml. The zeta potential of albumin
macromolecules was measured using a Zetasizer Nano ZS (Malvern Panalytical,
UK) in the temperature range 7 = (303-348) K (Bardik et al., 2020, p. 4). We
estimated the relative errors of zeta potential and temperature measurement to be
equal to &({) =5 % and &(T) = 0.3 %, respectively.

Results

The electrophysical properties of macromolecules in solution are closely related
to the value of the zeta potential, which can be measured experimentally. Zeta-
potential ({) as the difference between the potentials of the aqueous medium and the
stationary layer of the liquid surrounding the macromolecule allows us to draw
conclusions about the total charge and stability of macromolecules in solution. One
of the peculiarities of the behavior of the zeta potential of human serum albumin
macromolecules in aqueous solution is the existence of a characteristic point — the
isoelectric point of albumin (pHy), at which the zeta potential of albumin is zero.
This means that the total charge of the macromolecule is close to zero, so there are
no repulsive electrostatic forces between macromolecules, and this can contribute to
the processes of association and oligomerization of albumin macromolecules.

First it is worth noting that in (Bardik et al., 2020, p. 3) it was established that
the addition of NaCl ions changes the value of the hydrodynamic radii of HSA
macromolecules in the range of (5.0 £ 0.3) nm. Nevertheless, the values of the
hydrodynamic radii of HSA macromolecules remain practically constant in the
temperature interval (30-50) °C.

The values of the zeta potential of HSA macromolecules in aqueous solutions
of sodium chloride in the temperature range (30-75) C are presented in Fig. 1. As
can be seen, the value of the zeta potential increases sharply from —27 mV at the
temperature of 30 C up to zero at about 42 C, and then it oscillates near zero up to
the denaturation temperature. It should be noted here that in vicinity of 42 C the zeta
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potential takes a zero value, which is characteristic of the isoelectric point (pHo), and
the liquid system is not particularly stable in this region. In (Bulavin et al., 2020,
p. 795) it was shown that the temperature of 42 C divides the region of the liquid
state of pure water into two intervals: Tj < T<(T,+42) and (T»+42)<T<T,,
where T} is the triple point and 7. is the critical point of pure water. In the first
interval, the thermal motion of water molecules has the crystal-like character, while
in the second interval, water molecules move in the same way as in argon, i.e. the
molecular motion has argon-like character. Therefore, it can be concluded that a
dynamic phase transition in water takes place in the region of 42 C.
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Fig. 1. Temperature dependence of the zeta potential of macromolecules
of human serum albumin in 0.075 M aqueous solution of sodium chloride
at an initial pH 7.4 at 30 °C (Bardik et al., 2020, p. 4)

Here it is necessary to pay attention to the fact that the temperature dependence
of the zeta potential of HSA macromolecules in aqueous salt solutions near the 42 C
is similar to the behavior of magnetization () near the Curie—Weiss critical point
(Tcw) of magnet (Snoke, 2020). Indeed,

0, T>T.,
m, = (1)
20, T<Ty,.
The behaviour of the zeta potential ( £ ) could be reproduced the same:
c 0, T>Ty, 5
“lz0, T<Ty, @

where 7 =42 C and can be called a peculiar point for the subsystem of ions, which
reflects the peculiarities of thermal motion in water.

Thus, the zeta potential in the aqueous albumin-salt solution near the peculiar
point 42 C behaves similarly to the order parameter near the critical point of the
magnetic system. This allows us to interpret this singular point as one for a dynamic
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phase transition (Bardik et al., 2020, pp. 1-2). Near this point, thermodynamic
properties, similar to volume properties (the size of albumin macromolecules),
remain practically unchanged, while the electrophysical properties of protein
molecules change very significantly. In particular, this is manifested in the specific
dependence of the zeta potential on pH. Thereby, the dependence of zeta potential
on the difference pH — pHo should be similar to the behavior of the magnetization
(M:), which is considered as a function of the magnetic field strength (H) for the
simplest ferromagnetic:

M,(T,H)~tanhpBH , 3)
where B=T./T and T, is so called the Curie-Weiss critical point. Given the

similarity, the zeta potential can be described by a similar expression, where  is
some function of temperature:
C(T,pH) ~ tanh a(pH — pHy) - 4)

This result is quite surprising and it requires a physical explanation. To
understand the similarity mechanism for zeta potential and magnetization, we have
to apply the thermodynamic Landau potential depending on the order parameter.
Identifying the order parameter with the magnetization in the case of a magnet and
the zeta potential in the case of aqueous albumin solutions, in our next publication
we will construct a thermodynamic Landau potential, assuming a conceptually
similar framework for magnets and solutions.

Discussions and conclusions

The paper analyzes the temperature dependence of the zeta potential of human
serum albumin macromolecules in a 0.075 M (0.45 wt. %) aqueous solution of sodium
chloride at an initial pH 7.4 at 30 °C. The analysis shows that the temperature
dependence of the zeta potential of albumin macromolecules in diluted aqueous
solutions near the temperature of the dynamic phase transition in pure water (near the
42 °C) is similar to the behavior of magnetization in the vicinity of the Curie—Weiss
critical point for the simplest magnets. It is concluded that the zeta potential can be
considered as an order parameter for the thermodynamic Landau potential having the
same structure as the one for the simplest magnets near their Curie-Weiss critical
points. In order to guarantee the similarity of the magnetic and polarization properties,
we conclude that the difference pH — pHp takes the sense of the field conjugate to the
order parameter, i.e. is the analogue of the magnetic field for magnets. Further research
will be aimed at studying peculiarities of applicability of the revealed analogy for the
zeta potential of albumin macromolecules under different conditions.

Authors' contribution: Oleksii Khorolskyi — conceptualization, methodology, investigation,
visualization, writing — original draft preparation, writing — reviewing and editing; Natalia Fudulei
— investigation, validation, writing — original draft preparation; Oksana Stoliaryk — formal
analysis, investigation, writing — original draft preparation; Wei Zhang — data curation, writing —
original draft preparation.
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BIIV/IMB JUHAMIYHOT'O ®A30BOI'O IIEPEXOAY Y BOAI
HA EJIEKTPO®I3UYHI BJIACTUBOCTI BOAHUX PO34YUHIB AJIbBYMIHY

BcTtyn. Cmpykmypa cuposamkogozo aab6ymiHy nodunu (YCA) y 60dHuUx po3uuHax
3a3HA€ 3HAYHUX 3MIH 3a/1e)CHO 8i0 memnepamypu, KOHYeHmpayii, KUcC/10MmHO-/AYHCHOT
pienosazu (pH), HasseHocmi coseli mouwjo.

MeTtoau. IlpoanasnizoeaHo memnepamypHy 3a/edcHicmv d3ema-nomeHyiany
MaKpoMoJ1eKy/a1 cupoeamko8ozo aasGymiHy aioduHu e 0,075 M (0,45 mac. %) eodHomy
po34uHi x10pudy Hampiio 8 ihmepesaai memnepamyp (30-75) °C 3a nouamkogozo pH 7,4.

PesyabTaTu. EkcnepumeHmasavHi 3HaveHHs1 d3ema-nomeHyiany  pi3ko
3pocmaioms 8id - 27 mB npu memnepamypi 30 °C do Hyasa 8 okosai 42 °C, a nomim
K0/1u8aiomscsi n064u3y HyAs axc do memnepamypu deHamypayii. Hyavoee 3HaueHHs
d3ema-nomeHyiajsy XapakmepHo 045 i30e1eKMpU4HOi MOYKU a/Ab6YyMiHy, KOU
3a2a/1bHUll 3aps10 MAKPOMO.J1eKyau 00PIBHIOE HY/MI0 | Midc MaKpoMoeKyaamu maiixce
gidcymHi esnekmpocmamuyHi cuau ei0wmoexyeaHHs, W0 Modce cnpusimu npoyecam
acoyiayii ma osaicomepuzayii makpomosekyn anv6yminy. 3 iHwoz20 GOKy, 8 oKoi
memnepamypu 42 °Cy 60di 8id6yeaemucs duHamivHull hazoeuii nepexid, skuii po3éueae
diana3oH pidkoi hazu eodu Ha dea iHmepeaau: y nepwomMy iHmepeaai menaosuii pyx
MO/1eKy/1 800U Mae Kpucma.ionodi6Huil xapakmep, a 6 dpyzomy iHmepeani mMoaeKyau
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800u pyxarmuscsi N0JiIGHO MOJEKYASIPHUM pPyXaM 8 ap20Hi, mo6mo pyxX Mo/1eKy/1 Mae
apz2oHonodi6Hull xapakmep.

B U CcH O BKMU. AHa1i3 nOKasye, o memnepamypHa 3aiexcHicms d3ema-nomenyiany
MaKpoMo/1eKy/1 aabGymiHy 8 po3eedeHUX 600HUX PO34UHAX NO6.aU3y memnepamypu
duHamiyHo20 ha308020 nepexody y 800i nodiGHa Ao nogediHKu HamazHiueHocmi 8 oKoi
kpumuuHoi mouku Kiopi-Beiica 041 Halinpocmiwiux maeHimie. Ilpu yvomy dzema-
nomeHyian MoxcHa poszasadamu sIK napamemp nopsAdKy 0451 mepmoouHaMi4HO20
nomenyiaay Jlanday, sakuii Mae makKy camy cmpykmypy, K i 015 Halinpocmiwiux MazHimie
no6ausy ixuix kpumuuyHux mou4ok Kiopi-Beiica. Ilodaivwi docaidxnceHHss Gydymsb
cnpsAmMoeaHi Ha 8UB4eHHs1 0co6.ausocmeii 3acmocosHocmi suse/aeHoi aHa0zii 015 d3ema-
nomeHyiaay Makpomo/1eKy/1 aab6yMiHy 3a pi3HUX YM08 800HO20 OMOY€EHHS.

KnwuyoBi canoBa: duHamiuHuil ¢pazosuil nepexid, cuposamkosuil anb6ymiH
J/1I00UHU, 3ema-nomeHyiaj, 00HI po3YUHU.
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INTELLECTUAL PROPERTY RIGHTS AS A TOOL IN SECURING INNOVATION

Introduction. This article introduces the main types of legal rights, with which an
intellectual property asset may be protected.

Meth ods. An analysis of literature related to laws protecting intellectual property in
main world-market jurisdictions was carried out. Presented herein results are based on this
analysis and generalization of own experience.

Results. This article explains the value of intellectual property assets in the context
of innovative products and describes the main types of intellectual property rights that can
be used to protect these assets.

Conclusions. Inthe context of one's innovative activity, the article further explains
differentiations (protected subject-matter, registration requirements, terms, etc.) between
different intellectual property rights and a benefit of their protection to a given innovation.
Several examples from Philips innovation in consumer electronics and medical domains are
mentioned to illustrate various strategies that can be taken in creating optimized protection
by using a specific selection of the intellectual property right types.

Keywords: intellectual property, intellectual property rights, innovation.

Introduction

In many fields of industry, intellectual property (IP) forms an essential part of the
business assets in enabling its owner to obtain an advantage over competitors (World
Intellectual Property Organization (WIPO), 2024).

There are five main types of IP, each of which is protectable in law by a
corresponding intellectual property right (IPR):

1. Products of the original creative work (text, photo, software, etc.) are protected
by a copyright;

2. Technical inventions can be protected by patent rights;

3. Know-how, information which has the highest value to its owner when kept
secret, can be protected by a trade secret;

4. Shape or aesthetic aspects of an object, including its digital representation, can
be protected by a design (industrial) right; and

5. Distinguishing signs in relation to goods or services can be protected by
trademark rights.

© Veligura Alina, 2024
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While several IPRs, such as copyrights (in most countries) and trade secrets, do
not require requesting their registration at a specialized authority, other IPRs must
be registered at the corresponding national authority and once granted as a right be
renewed (maintained). Registration and maintenance of the IPRs requires
investment; and depending on the size of one's business activities the investment
may become of a substantial size. Therefore, in conditions of a limited budget (let us
be honest, these are often the most applicable conditions) it is important to
understand differentiating features of one's innovation and select those IPRs, which
most efficiently protect these features within the given budget.

Methods

An analysis of literature related to laws protecting intellectual property in main
world-market jurisdictions was carried out. Presented herein results are based on this
analysis and generalization of own experience.

Results

Copyrights. Duration of the available protection to a given IPR may vary per
country. Copyright protection in most of countries lasts until at least 50 years after
the author's death. Noteworthy, in the USA quite a different duration of copyright
protection exists. Initiated by Disney company the copyright law in the USA was
changed several times, wherein the latest change took place in 1998 with Congress
passing the Sonny Bono Copyright Term Extension Act, more commonly known as
the Mickey Mouse Protection Act. This Act extended copyright protection for
corporations to ninety-five years from the first publication or 120 years from content
creation, whichever was shorter. Thereby, enabling Disney company enjoying
copyright protection over the Mickey Mouse character as depicted in "Steamboat
Willie" film for almost a century. Eventually on January 1, 2024, this right expired,
opening the door to a new creative usage of this character by others.

This brings us to an important aspect of an IP right: each right has an owner and
usage of such a right by others requires the owner's permission. It is important to
keep in mind, when working on one's own creative content, be it a preparation of the
scientific manuscript or a presentation at the conference, that usage of the intellectual
property of others, be it a picture from the internet or copied text, shall take place
without violation of their (copy)rights.

The software code is also protected by a copyright; and if one's differentiating
innovation resides in unique software solutions, copyright and trade secret (which
are explained in more detail below) can be the best IPRs for protecting such
innovation. However, additional attention should be paid to the usage of the open-
source software and IP license conditions associated with it. In some instances, such
a usage in one's own software code may result in an obligation of making said
software code or other IP originating from this development available to others,
thereby making your own solution potentially less exclusive.

Separate attention should be given to the usage of an output from generative
Artificial Intelligence (AI) models. This output may include copyrighted work of
others, who have not given their permission to have their work being used. Of course,
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one should not forget that entering confidential information as an input to the
generative Al model (unless one is certain about confidential conditions of the Al
model provider) would potentially make this information available to others.

Patents and trade secrets. Innovative solutions having technical character and
susceptible of industrial application may be protected by either patent rights or trade
secrets. It is worth mentioning that trade secret protection is also available for non-
technical know-hows, which will not be covered by this article. The choice of the
most suitable IPR for protecting one's technical innovation may depend on a specific
character of said innovation that shall be combined with the legal obligations
imposed by the IPR chosen for the protection.

Patents are exclusive rights granted by an authority to an inventor for their
invention. Having a patent implies making a deal: the right to exclude others from
exploiting the invention (during a limited period) versus the obligation to disclose
the invention in detail to support technical progress. While specific details of
invention's eligibility to a patent protection may differ from one country to another,
there is one main criterion which is the same in all countries: an invention shall be
novel (not forming a part of the prior art). Invention not forming a part of the prior
art means that nowhere in the world such an invention has been: (i) described in any
document; or (ii) disclosed orally (for example, at the conference or workshop); or
(iii) used in any way. Only after meeting a condition of novelty the invention can be
further assessed on its patentability. The requirement of the detailed invention
disclosure in the patent makes patents to be the best choice of protection of those
inventions, which when implemented in a product (thus, made available to the
public) can be reproduced by others. In case of an unauthorized invention usage
taking place (in legal terms called infringement), the patent owner can use its patent,
protecting said invention, to stop others from using it.

On the other hand, trade secret protection shall be used for the innovations which
have the highest value to their owner, when kept secret. In principle, all inventions,
irrespective of whether they can be reproduced from the product or not, can be
protected by a patent, provided they pass the patentability criteria. However, in some
instances a contribution of the invention to the product may be too complex for one's
ability to detect (and thereby potentially reproduce) the presence of the invention in
said product. In this case, the best choice for protection of this sort of inventions is a
trade secret. Choosing for a patent protection may not be wise, because of an
obligation of providing a detailed disclosure of one's invention in a patent. Why teach
the public about your invention, if eventually it cannot be derived from the product
it is implemented in? The infringement of patents protecting this sort of inventions
may be hard to prove, making it hard to stop others from using your innovation. Of
course, another important differentiator between patent and trade secret protections
is their durations. In most countries, patent protection term is 20 years from the
moment of filing a request for it, while trade secrets have unlimited term of
protection as long as they are kept secret.
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A nice example of choosing the most appropriate IPR for protecting a given
innovation depending on one's business model was an approach taken by Philips and
Sony in the optical recording technology used in compact discs (CDs). In the late
70s both Philips and Sony independently were working on an alternative to vinyl and
compact cassette technologies to create a higher density and more compact solutions
for audio recording medium (de Haan, & Luxon, 2022). While CDs offered benefits
of brining audio content of a higher sound quality on a physical carrier almost
insensitive to dust and scratches, convincing the whole music and record industry to
switch to a new audio standard not only required good innovation but also a "simple"
to potential customers business model enabling return on the innovation investments
made by its owners. Therefore, Philips and Sony joined forces and together defined
specifications for a CD standard. These technical specifications were described in a
series of books that became known as the "Rainbow Books", while the inventions
enabling the optical storage technology meeting the described technical specification
were protected with patents. As a result for this standardization, whoever wished to
make a CD, which would meet the standard specifications and therefore be suitable
for an audio recording and be readable by an installed base of CD reading systems,
had to use the inventions enabling this standard and protected by the corresponding
patents. In this business model, whether the usage of inventions could have been
derived from an examination of CD or not no longer mattered, because by being
compliant with the standard one had to accept that the patents protecting the CD
technology were used. The companies received a return on their optical recoding
technology investment by collecting license revenue from the sales of the CDs as
well as the CD reading hardware (Lengova, 2024).

In some instances, one's business model may not be based on making the
developed technology standardized and the competitive advantage of this technology
can be achieved by keeping it secret. Realizing trade secret protection, in contrast to
majority of other IPRs, does not involve its formal registration at the authorities but
requires implementing reasonable trade secret protection measures, measures which
assure that limited number of people have access to the secret information and are
legally bound to keep it secret. An example of a such technology can be Philips
Azurion. It is a high-performance image-guided therapy system that allows teams of
interventional clinicians to perform complex cardiac interventions. This system uses
trade secret technologies to delivery clarity of the medical images obtained at a lower
dose of the X-ray exposure that is superior to any other system.

Designs and trademarks. Finalizing the explanation of specific benefits of each
IPR type in a "toolbox" available for the IP asset protection let us focus on the
remaining two types of legal IP rights: designs and trademarks. In most cases when
products with embedded innovation are introduced to the market, they take either
physical or digital (such as software) appearance. These aesthetic aspects of the
products, when they are new and original, can be protected with design rights.
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The term of the design protection varies from 15 to 25 years across different
countries, wherein most of the European countries offer 25 years of the design
protection.

It is important to realize that potential customers will get their first impression of
the product from its appearance. Thus, if part of one's business model lies in creating
a differentiating exterior look of the product offer, it is advisable to register a
corresponding design protection to be able to use it against any future unauthorized
copies of the product.

Coming back to the CD example, Philips developed an iconic CD holding case,
which consisted of a three-piece package made of polystyrene, with a hinged top and
a plastic tray that held the disc in place with a central hub. The story of the CD case
creation and its designer's consideration into giving the case a perfect high-tech look
that resulted in the name the "jewel case" has been described by many sources. An
interesting part of this innovation is that the case did not only have features
aesthetically attractive to the consumers but also solved specific technical problems
of an automatic assembly (essential for mass production), good grip on a CD and its
easy removal. The technical aspects of the "jewel case" were protected by the patents.
Billions of "jewel cases" have been produced since 1982 at some point reaching an
output of as many as eight billion a year. Thereby creating a large return on the
investment made for registering patent and design rights for this technology
(de Haan, & Luxon, 2022).

Until recently an overall trend in industry for design protection was to focus on
designs of physical products. However, in nowadays digital age a rising need in
protecting innovation embedded in a digital content resulted in increased number of
design rights registrations for user interface features. An example of such a trend can
be Philips design registration filed for a character of the elephant, Ollie the Elephant,
used in Philips Pediatric Coaching solution, which deploys gamification to help
children better prepare for their MRI scan by means of interacting with one of the
characters. An alternative or complementary IP protection for such a character may
be a trademark registration, applicable in the event when the character is used as a
graphical differentiator for one's goods or services.

One advantage of a trademark right over other already discussed registered rights is
that as long as the registration is regularly renewed (in most countries every 5 to 10 years)
and used (some authorities have a proof of use requirement) the right remains in force
and virtually offers an "indefinite" protection. On this note, let us conclude with the
Mickey Mouse example the article started with, while the copyright to its earliest version
expired, Disney company still holds trademark registrations for the Mickey Mouse name
and plurality symbols associated with this character.

Discussion and conclusions

This article explains the value of the IP assets in the context of the innovative
products and describes an IP protection "toolbox", which includes the main types of
legal rights that may be used to protect these IP assets to maintain products advantage
over a competition. Good understanding of differentiations (protected subject-
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matter, registration requirements, terms, etc.) of the IP right types and their
applicability to the distinguishing features of the products enables one selecting the
most optimal protection from the IP "toolbox" for a given innovation. Several
examples from Philips innovation in consumer electronics and medical domains are
mentioned to illustrate various strategies in creating an optimized protection by
means of a specific selection of intellectual property rights.
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MPABA IHTEJIEKTYAJIbHOI BJIACHOCTI
AK IHCTPYMEHT 3AXMCTY IHHOBAIIIMHOI AIAJILHOCTI

BcTtyn. Y 6Gazamvbox 2aqy3six npomuc/aoeocmi iHmeseKkmya/abHa 6/acHicmbu €
8aJ#C/1UB0I0 YACMUHOI0 6i3Hec-aKkmueis, ujo 00380.151€ ii 8/1ACHUKY ompumamu nepesazy
Had KOHKypeHmamu.

MeTtoau. IlpoeedeHo aHaai3z snimepamypu, wjo CmMocyemvbcsi 3aKOHOdascmeda npo
3axucm iHmMe/neKmya/abHOi 8.1aCHOCMi 8 OCHOBHUX IOPUCOUKYIsIX €8iM08020 pPUHKY.
IlpedcmaessaeHi mym pe3ysbmamu 6a3yl0mucsi HA YbOMYy aHai3i ma y3azaabHeHHI
8/1aCHO20 doceiay.

PesyabTaTu. Y yill cmammi nosicHioemvcs yiHHicmMbs akmueie iHmesekmyaabHoi
e/1acHocmi 8 KoHmMekcmi iHHoeayiliHux npodykmie ma onucylomecsi OCHO8HI munu npas
iHme/1eKmya/bHoI 8/1acCHOCMI, AKi MOX%CYMb 6ymu 8UKOPUCMAHIi 4151 3axucmy yux akmusie.

BucHoBKu. Jo6pe po3ymiHHA eidmiHHOcmell (npedmem 3axucmy, eumozu 00
peecmpayii, mepmiHu mowjo) mixxc munamu iHmeseKmyaasHoi e/nacHocmi npae ma ix
oco6.1usocmeti 3acmocy8aHHsA 0o 8idMIHHUX 03HAK npodyKyii, d0380.15€ su6pamu HallGi bW
onmuMaJbHUll 3axucm 3 icHylo4020 "Ha6opy iHcmpymenmig” daa daHoi iHHoeayii. Takodic
HasedeHo dekinbka npukaadie iHHoeayilli ®Pinincy e easny3i no6ymoeoi enekmpoHiku ma
MeduyuHu, wjo6 npoitocmpyeamu pisHi cmpameezii cmeopeHHs1 onmuMi308aH0O20 3axucmy
3a donomoz2010 NeeHO20 HAGOPY npaes iHMes1eKmMya/1bHOi 8/1aCHOCMI.

Kinw4yoBi ciaoBa: IHmesekmyaavHa e6/dcHicmb, npasa iHmMe/aeKmya/abHoi
8/1acHOCcmi, IHHOBaYii.

Unen opranizaiiiinoro komitery A. Berirypa 3asBiise npo BifiCyTHICTb KOHQNTIKTY iHTEpECiB Ta HEBTPY4YaHHS B IIPOLEC OLHIOBAHHS
1i€i CTaTTi BIAMOBIHO 10 MiXKHAPOIHUX CTaHAAPTIB myOnikariiiHoi eTrku. CrioHcopu He Opaiy y4acti B po3po0ieHHi A0CIipKeHHS; y 300pi,
aHaUTi3i YM iHTeprpeTalii JaHuX; y HalMCcaHHi PyKOMKCY; B PILLICHHI PO ITyOJiKaIliio pe3ysbTaris.

The member of the Organizing committee A. Veligura declares no conflict of interest and has not interfered in the evaluation process
of this article, in accordance with international publication ethics standards. The funders had no role in the design of the study; in the collection,
analyses or interpretation of data; in the writing of the manuscript; in the decision to publish the results.
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MY/JIbTUKOMIIOHEHTHA HAHOCUCTEMA
JJ1 ®OTOAUHAMIYHOI MTPOTUNYXJIMHHOI TEPAITIT

BcTtyn. PomoduHamiuHa mepanis - ye mMan0iH8a3usHUli Memod JiKy8aHHS NYX/IUH,
3acHosaHuil Ha sUKopucmaHHi ghomoceHncu6inizyrovux moaeky (PC), aki zeHepyromes akmueHi
gopmu kuchio (APK) y mkaHuHax nic1s1 36y0ceHHs1 Hep8oHUM a60 iHghpauepeoHUM ceimiom.

MeTtoau. Memodamu a6cop6yilinoi ma d¢homoaomiHecyeHmHoi cnekmpockonii
8U3HAYEHO OoNMuMaJabHi KOHYyeHmpayii KomnoHeHmie, sAKi 30amHi nocuieamu
ymeopeHHs1 APK.

PesyabTaTu. Byso ompumaHo ma eunpo6ysaHo d¢homocucmemy mpemvo2o
NoKo/1iHHA 3 NoOKpaweHumu homoceHcuGinizyouumu eaacmusocmsamu. Bona siense co6oio
6a2amoKoMNOHEHMHY HAHocucmeMy noJimep / HAHOYACMUHKU 3010ma / memMonopgiH.
JAunamiyHe ceimiopo3ciloeaHHsa nidmeepaddicye Hige/1l086aHHS azpezayiiiHux npoyecie y
800HUX PO3YUHAX NOPIBHAAHO 3 iHOUBidya1bHUM meMonopghiHom.

BucHoBKkU. JogedeHo, o KoM6iHayiss memnopghiHy 3 HAHOYACMUHKAMU 30/10Mma,
iHKopnoposaHumu 8 noJliMepHy mMampuyio, Modxce 3HA4YHO nocuaumu eghekm zeHepayii
APK 3a paxyHOK noeepxHeeo0z20 MNAA3MOHHO20 pPE30HAHCY HAHOYACMUHOK 30./10md.
Iompiilina HaHocucmema Modice Gymu peKoMeHO08aHa 0.5 mecmyeaHHs in vitro Ha
PAaKogux KAimuHax npu onpomiHeHHI caim1om ma1oi nomyxcHocmi (A = 660 Hm) 3 Memoto
n00a/1buI020 BUKOPUCMAHHA Y homoduHamiyHill mepanii.

KnwyoBi ciaoBa: nosimepHull HaHOHOCIl, HaHocucmema, HAHOYACMUHKU
30.10ma, memonopdhiH, iomoduHamiyHa mepanis.

Beryn
®oronuunamivuna Teparis (OT) — cywacHuii, ManoiHBa3UBHUH, TEPCIIEKTUBHUAN
METOJI JTIKYBaHHS JUIsl IIMPOKOTO CIIEKTpa OHKOJOTTYHUX 3axBoproBaHb (Niculescu,
& Grumezescu, 2021, p.3626). ®UAT 3acHoBaHa Ha B3aeMomii CBiTIA Ta
q)OToceHCH61n13aTopa (CDC) 1O MPU3BOIUTE 10 YTBOPEHHS LIUTOTOKCHIHIX ADK,
SIK1 TIOLIKO/DKYIOTh PaKOBi KIITMHH, iHILIIOIOUH aronTo3, HeKpo3 abo ayrodariio
(Correia et al., 2021, p. 1332). ®AT mae nepeBary Hajx KIaCHUHUMH METOAAMH
© Bipuu IIaBno, KyneBos Haranis, Emenko Oser, Cmokas Bitaniii, 2024
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xiMioTepamnii B OHKOJOTil BHACIHiJOK 3MEHIIECHHS MOOIYHUX e(eKTiB Ha 310pOBi
tkanunu (Correia et al., 2021, p. 1332). OcHOBHUM 0OMexeHHSIM BUKOpucTaHHSI DC
y JIKyBaHHI paKy € iX HeBHOIpKOBEe HAKOIMYEHHS B HELIIHOBHX TKaHMHAX, HU3bKa
CTaOUIbHICTh, CXWJIBHICTH /IO arperamii y BOAHUX pO3YMHAX 1 TEMHOBa
uutorokcnuHicTh (Correia et al., 2021, p. 1332). Ha pasi oqHi€o 3 0CHOBHUX BUMOT
JI0 CHCTeM, SIKi BUKOpUCTOBYIOThc Y DT, € ceekTuBHA aKyMyYIsLisl B TKAHHHAX -
MIIICHSX Ta MAKCUMYMH ONITUYHOT'O IOTJIMHAHHS B Jliania30Hi ()OTOTEepaneBTUHIHOTO
BikHa (650-850 HM), a TakoK MeTaOoMi3alis 0 HETOKCHYHHMX IPONYKTIB Ha
BUBeNeHHs X 3 opraHizmy (Hamidi et al., 2020, p. 411). Crpareris iHKancyasumii ta
3aCTOCYBaHHS HAHOHOCIIB JIO3BOJISIE TTOKPAIIUTH OI0OCYMICHICTh Ta CEIEKTHBHICTH
cucreM ®/IT, a Takok nmocuintu pororepanesruyuni epexru (Li, Lee, & Yoon 2018,
p- 1174). Taki migxomu TaKoXK MOKPAIIYIOTh CTAaOUIBHICTE 1 TiAPOMIIBHICT
HaHOMpernapariB, 3MEHIIYIOTh NOO0IYHI e(deKTH, I0moMararoTh MiATPUMYBATH
MOCTIMHY MBHUAKICTh JocTaBkun ®PC, 3a0e3medyroTh IILOBY JOCTaBKY JIIKIB [0
MyXJIMHHHUX KIIITHH 1 0OMEXYIOTh TEMHOBY TOKCHUHICTB (Setaro et al., 2022, p. 282;
Gualdesi et al., 2021, p. 108856).

VY 1mpoMy JOCHIDKEHHI MU CHHTE3YBATM TPUKOMIIOHEHTHHI HAaHOKOMITO3UT Ha
OCHOBI 3IPKOIOIIOHOrO MOTIMEPHOr0 HAHOHOCIS 3 IHKAICY/JIbOBAHUMH HAHOYACTHHKH
somora (Au HY), i ®C temonopdinom. Temonopdin € onHiero 3 HeE0AraTboX MOJICKYJI
@®C, cxBajeHHX WIS MEIMYHAX BHUIIPOOYBaHb Y KUILKOX €BPONEHCHKUX KpaiHax
(Baskaran, Lee, & Yang, 2018, p. 25). ¥ po06oTi J0CTiKEHO ONTHYHI BIACTHBOCTI
HAHOCHCTEMH Ta PO3NITHYTO MexaHi3Mu rocuiieHHs ¢oroedekriB mpu O/T.

Metoau

Yci XiMIYHI peIOBUHU ISl CHHTE3Y IMOJIMEPHUX HAHOHOCIIB 1 METaIOBMICHUX
MOTIMEpHUX HaHocucTeM Oymu npuadani B Merck (Mronxen, Himeuuuna) i
BHUKOPHCTaH1 6€3 TOMaTKOBOTO OYHIIICHHS.

Ilonimepnuti  HaHOHOCIIL. 3ipkomomioHmii  komoiimMep  JlekcTpaH-Ko-
[omiakpunamizn B arionHii Gopmi (-g-I1IAAan) BUKOpHCTOBYBaIN K HAHOHOCIH 1
MaTpuIlio i mpuroryBaHHsS HaHocuctemu. J[-g-IIAA B HeioHHild ¢opmi Oys
CHHTE30BaHUU METOAOM paiuKalabHOI TMpHIerieHoi komomiMepm3amii (Kutsevol
et al., 2012, p. 82). MonexynsipHi mapaMeTpu KOMoTiMepy, BA3HAYEHI METOIOM Tellb-
npoHukHOi xpomatorpadii: M,, = 2,15/110° r/moms, Rz =85 uM, M./M, =1,72.
[orim 3pazoxk JI-g-1TAA omuroBany uist OTpUMaHHS KOMOIIMepy B aHIOHHIH dhopmi,
CTYIiHb MTEPETBOPEHHS aMiTHUX T'PyT y KapOokcuinaTHi 3a 30 XB TipoIi3y CTAaHOBHB
36 % (Kutsevol et al., 2014, p. 12).

Ipucomysannsa nanocucmemu. JI-g-11AAan / AuHY: 1 r [-g-IIAAan npotsrom
20 xB. llorim pomaBamm 0,4 mm 0,1 M NaBHs i mepemimryBamu mie 20 xB.
Temomopdin / JI-g-ITAAan / AuHY:  pozuna  temomopdpimy B  JAMCO
(C=0,003 mr/m) nomaBamu 10 BuxigHOro po3uuHy J-g-IIAAan/AuHY mis
OTpUMaHHA Oa)KaHUX KOHIIEHTpamid i nepeminryBamu 20 xB. [Ipomenypy npoBomumm
Oe3rnocepeTHbO Mepe TOCTiKEHHSIM HAaHOCHUCTEM.

Posmipni  xapaxmepucmuxu. JlocnimkeHHsT 3pa3KiB METOAOM JIWHAMIYHOTO
poscitoBanHs cBiTa (APC) mpoBoguau 3a 0MOMOIOI0 aHajlizaTopa po3Mipy
gacTuHOK NanoBrook Omni (Brookhaven Instruments, CIIIA), ocHamieHoro
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nmazepom 532 M. PoscisHe cBiTno BuMiptoBanu mix KytoM 173° (3BopoTHe
po3ciroBaHHS). 3pa3ku BUTpUMYBaIK 3a 25 °C ynpoaoBx 5 XB Iiepel BAMIPIOBAHHSIM
IUIsl IOCSITHEHHS piBHOBaru. II'STHaIUSTh KOPEMALIAHMX KPUBHX MAJSI KOXKHOTO
3paska Oy 00pOOJIeH] aJIrOPUTMOM PETYIISIPU30BAHOIO CUHTYJIIPHOTO PO3KIamy. Y
pe3ynbTaTi OTPUMAHO TIAPOAMHAMIYHMEA PO3MOILUT YAaCTHHOK 33 pO3MipaMHu
JOCIIDKYBAaHUX KOHTPOIBHUX 3Pa3KiB Ta HAHOCHUCTEM Pi3HOTO CKIIAMY.

Onmuuni xapakmepucmuxy. COeKTpy NorvHaHHA Ta Goromominecenii (DJI)
BHUMiptoBaiu Ha criekTpodoromerpi Cary 60 UV-VIS (Agilent Technologies Inc.) Ta
cnekrpodayopodoromerpi Shimadzu RF-6000 (Shimadzu Corp.), BimmosimHo.
@JI 30ymKxyBanacs q0BKUHOW XBU 423 HM. CIIEKTpH BUMIPIOBAIM 3a KIMHATHOT
TEeMIIepaTypH BIPOAOBK 2 TON TicCHs 3MIllyBaHHS PO3UYMHY TeMomopdiny B
JIMCO 3 Bonoto Ta BomHuMmH po3unHamu JI-g-ITAAan i JI-g-ITAAan/ AuHY i3
15-XBUJIMHHUMH 1HTEpBAIAMH.

Busuennsi  eenepayii AOK in situ. 3pasku  Temonopdiny (7,2 MKr/mi),
H-g-ITAAan / AuHY (72 mxr/mi) 1 [J-g-[IAAan/ AuHY/ Ttemonopdiny
(7,2 mxr/Mn  temoriopdpiny  +72 mxr/min  D-g-PAAan/ AuHY) roryBaimm y
¢izionoriuHomy pozunHi. ADK BHMIiproBamy 3a JIOMOMOIOK MOAM(IKOBAHOTO
metony Daliang (Daliang et al., 2021, p. 129878). [aii 3 Mj1 KO)XHOTO PO3YHHY
nmomasanu mo 2',7'-muxnopoduyopectieiny (Sigma, CIIA) mns BusBienas ADK.
KiHnesa KoHIeHTpamis auxiopodiyopecieiny cranopuna 15x10°M. Pozuunu
ornpoMiHtoBaimu cBitiaoM A = 660 am (100 m/Ix/c), no3a onpominenns 30 Jx/mir.
BuwmiproBanHs (IryopecieHIIii MpoBOAMIN BiApasy Iicis 3aKiHYECHHS ONPOMIHEHHS
cBiTioM. BukopucroByBanu crnekrpodiayopodoromerp Shimadzu RF-6000 i3
nporpaMHuM 3abe3nedeHHsAM LabSolutions. d@myopeclieHIiio peecTpyBaIM 3a
525 um 31 30ymkeHHaM 488 HM. DIyopecIeHIlii0 3pa3KiB OIlIHIOBAIM B YMOBHUX
omuHUIAX. [li 9ac eKCreprMeHTy BCi 3pa3ku mepedyBaiu B OMHAKOBHX YMOBax.
[ToBTOpHICTH MOCTiMKEHB Oyia MECTUKPATHOIO.

Pesyabrarn

AuHY 6ymu cunatezoBani B momiMmepHid Marpumi (Chumachenko et al., 2016,
p- 379). Leit meron cuHTE3y M03BONSE TOYHO KOHTpomoBaty miamerp HY i ixHiit
po3monin 3a po3Mipamu. J{o yTBOpEHOI HAHOCHCTEMH J0JaBaii (POTOCEHCHO1TIZaTOp
TeMoropdiH Oe3rmocepeqHbO Tepe TECTyBaHHSIM. Y PO3UMHI TeMOMOp(iHy, SKUit
TOTyBalll MIOJaBaHHSIM y BOAy po3uuHy Temomopdiny B JIMCO, dwitko BUmHO
YTBOpEHHS arperartiB 3 pamiycamu 145 am i mpubmuzHo 10 MM (puc. 1a, myHKTHpHA
JHIS) YHACITIAOK IIOTaHOTO PO3YMHEHHS TeMonopdiHy y BOIi.

Posnoxin HaHOWacTMHOK 3a po3MipamMu Ui KOH'IOraTiB  Temomopdin /
H-g-1TAAan 1 temonopdin / JI-g-IIAAan / AuHY mokasye 3HWKHEHHS arperatiB
temornopiny, ski Oynmu B posumHi Temomopdiny ©Oe3 momimepy (puc. 1 a-0).
Posnoxin posmipie cucrem temomnopdin / J-g-ITAAan i JI-g-IIAAan / AuNPs /
Temornop(iH Harajaye XapakTepHY KPHBY PO3IOALTY He3apspKeHnX nomiMepis. Ller
e eKT € pe3ynbTaToM B3aeMoii nomienekrpomir—remonopdid. AuHY He Bigirpators
ICTOTHOI poIi B miboMy Tporeci. Pamiycn kor'toratie Temoriopdin / J-g-ITAAan i
temoniopdin / I-g-I11AAan / AuHY crarosmsts 110 a#M i 90 HM, BiAmoOBiAHO.
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Puc. 1. Po3monis yacTuHOK 3a po3Mipom, oTpuMaHuii 3a gonomororo JIPC
JJ1s1 HaHoriopuanux cuctem JI-g-INAAan:
a) 6inapHa cucrema Temonopgin / JI-g-ITAAaH i KOHTPOJbHI 3pa3Ku:
J-g-TTAA; Temonopdi;
6) Temonop¢in / [1-g-I1TAAan / AuHY Ta koHTpOINBHI 3pa3Ku:

H-g-TTAA / AuHY; Temonopdin

Crextpu ¢Qoromominectenii  (PJI) Temomopdiny y BoOAi, HaHOCHCTEM
temoriopdin / JI-g-ITAAan i Temonopdin / J1-g-IIAAan / AuHY npencrasieHo Ha
(puc. 2). Cnekrp temomopdiHy y BOAI Ma€ CTPYKTYpPY, THIIOBY Ui mopdipuHiB
(Aslanoglu et al., 2020, p. 16956; Gierlich et al., 2021, p. €20210024). V cmekrpi
CIIOCTEPIraloThCS [Ba IMKH: KOPOTKOXBWJIBOBUK (653 HM) 1 TOBrOXBHIIbOBHI
(715 am). Li nmikm Bignmosimatots mepexomam S1(0)—S0(0) i S1(0) —S0(1) Bix
OCHOBHOTO KOJIMBAJIBHOIO PIiBHS 1-r0 30y/DKEHOTO T-€JIeKTPOHHOIO CTaHy [0
OCHOBHOTO Ta 1-r0 30y/UKEHOTrO KOJWBAJIBLHOTO PIiBHS OCHOBHOTO TT-€IEKTPOHHOTO
crany Mmonekynn @OC, BiamoBimHo. IHTeHCHBHICTH mmiKy 3a 615 HM wyMcCTOroO
TeMonopQiHy IOCHTh HH3bKa, ajie 3pOCTa€, KOIU TEeMOMOp(piH 3B'SI3ye€ThCA 3
nonivepoM. Lle € 1omaTkOBUM apryMeHTOM Ha KOPUCTh HAIloro BHUCHOBKY IO
3B'SI3yBaHHS MOJIEKYJT TEMONOP(iHY 3 TOIIMEPOM.
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1

Temonopdin
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Hoswuna xemnl (Hm)

Puc. 2. Cnextpu ®JI Temonopdiny y Boai Ta BOIHMX PO3YMHAX
Temonopgin / /I-g-IIAAan i Temonopgin / JI-g-IIAAan / AuHY npn 30yn:xenHi 423 Hm.
Konnenrpanii komnonentis: Temonopgin — 0,72 mkr/m,

3001070 i mostimMep — 7,2 MKIr/ma

[Iposeneno mocnimkenns reHepaiii AOK B yMoBax onpoMiHEHHST HAHOCHCTEMH
H-g-TTIAAan / AuHY/ Temoriopdin Ta KOHTPOIBHUX CHCTEM CBITIIOBMM OIPOMIiHEHHS,
sk mpu OIT (A =660 um) (Zhou et al., 2016, p. 6597). He Oyiio BUABIEHO KOIHHUX

CTaTUCTUYHO 3HAYYyHIUX

BimMiHHOCTeH v piBHSIX ADK mmicis onmpoMiHEHHS CBITIOM

660 HM KOHTPOJNBHUX PO34YMHIB ((hizionoriunmii pozunH Ta J[-g-ITAAan/ AuHY)
(puc. 3). PiBai A®K 3pociau B ~3 pasu i po3urHy TeMornopdiHy Ta ~5 pasiB mjis
norpiiiHoro  HaHokommo3uty JI-g-IIAAan/ AuHY / Temoniopdin  mopiBHSIHO 3
KOHTPOJBHUMU 3pa3KaMHu.

1 - basoBa dnyopecueHLis
2 - O-NAA/Au HY + 660 Hm

. 12000 4 3 - TemonopdiH + 660 HM *
e 4 - 0-NMAA/Au HY/TemonopdiH + 660 HM T
£ 10000 - I
I
Q
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2 1 *

o
2 T
& 60004 I
0
8
T 4000
3
z T
2 2000 i
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1 2 3 4

Puc. 3. Pienb ADK s ¢izionoriunoro po3unny (KOHTPOJIb),
J-g-ITAAan / AuHYs (72 mkr/mu), Temonopginy (7,2 MKr/mi)

i I-g-ITAAan / AuHY / temonopdin

(72 mxr/ma [I-g-ITAAan / AuHY, 7,2 mxr/mia Temonopdin)

nic/isi onpoMiHeHHsA cBiTIOM 660 HM

(M=£SD; n = 6, Tect Kpackena—Youica, *p < 0,05)
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OtpumaHi pe3yabTaTd MATBEPIKYIOTh (oroaucomianito TemomnopdiHy Ta
YTBOPEHHs BUIBHUX PaAWKaiB MCIs ONpPOMiHEHHS CBiTIIOM 660 HM. [HKamcymsiis
AuHUY i Temonopdiny B nonimepHiit matpui A-g-[1AAan nocumoe yrBopenus ADK.

Juckycisi i BHUCHOBKH

[loka3aHo eQeKTHBHICTh MOTPIHHOI CHCTEMH, IO MICTUTh 3IPKONOAIOHMIHA
noimiMep  JAEKCTpaH-TMONIaKpuiIaMiZi 3  IHKOPIIOPOBaHWUM  TeMomopdiHoM i
HAHOYACTHHKAMH 30J10Ta JJIsi TeHepalii akTMBHHUX (POpM KHCHIO MpH 30ymKeHH1
4epBOHUM CBITIIOM (A = 660 HM). JlOCHi[PKEHHS ONTUYHUX BJIACTUBOCTEH 1
HasBHOCTI arperamifHuX TIpOIeCiB Yy HAHOCUCTEMI METoJaMH JUHAMIYHOTO
PO3CiFOBaHHS CBITJIA Ta CHEKTPOCKOMII MOMIMHAHHS / eMiCii JO3BOJNMJIM BUSBHTH
0COOJIMBOCTI MEXaHI3My 30Yy/DKEHHsSI Ta OINTHUMI3yBaTH CKJIaJ] HAHOCHCTEMH st
JOCSTHEHHS MaKcuMallbHOI edektuBHOCTI mpu BukopuctanHi OJIT. IlokazaHo,
MoiMepHa MaTpHIls cTabili3ye HAHOCHCTEMY Ta IMOIepeKae arperaiito, a Takox
crpusie B3aeMOil Mixk GoToceHCHOLTI3aTOpOM 1 HAHOYACTHHKAMHU JIe BiIOyBa€ThCS
o0OMiH eHeprieto 3i 30inbmeHHsM renepanii AOK. Po3pobiena ciucrema rotosa st
JOCIiJDKeHb in vitro B ymoBax OJIT BiIHOCHO KJIITHH paxy.

Buecox aBtopiB: IlaBno Bipmu — mocmimkenHs rewepanii ADOK, anami3 omepaHHX HaHHX;
Haranis KymeBon — Bamijgamiss maHMX, KOHIeNTyamizamis, wMeroxonoris; Oner Emenko —
CIIEKTPOCKOMIYHI JJOCHI/KEHHS], HAallUCaHHs — IepervIsy i penaryBaHHs; Bitanii CMokas — HanMcaHHs
— Mepemisiy 1 pearyBaHHsL.

Monsikn, m:xepesa pinancyBannsi. [{ro poOOTy BUKOHaHO B paMKax IPOEKTy MiHicTepcTBa OCBITH
i Hayku Ykpaiuu "TlomiMepHi CHCTeMH Ta HAHOKOMITO3UTH Juisi ontoesiekrponiku” (Ne 0124U001177).
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MULTICOMPONENT NANOSYSTEM
FOR PHOTODYNAMIC ANTI-TUMOR THERAPY

Introduction. Photodynamic therapy is a minimally invasive method of treating
tumors based on photosensitizing molecules (PS) that generate reactive oxygen species
(ROS) in tissue under the influence of red or infrared light excitation.

Methods. The optimum concentrations of components that can enhance the
formation of (ROS) were determined by absorption and photoluminescence spectroscopy.

Results. In this work a third-generation FS with improved photosensitizing
properties was prepared and stupid. This FS is a multicomponent nanosystem polymer-gold
nanoparticles-temoporfin. Dynamic light scattering confirm the leveling of aggregation
processes in comparison with individual temoporfin.

Conclusions. It has been proven that the combination of temporphine with gold
nanoparticlesincorporatedinto a polymer matrix can significantly enhance the effect of ROS
generation due to the surface plasmon resonance of gold nanoparticles. The ternary
nanosystem can be recommended for in vitro testing on cancer cells under low-power LED
lamp irradiation (A = 660 nm) for further use in photodynamic therapy.

Keywords: polymer nanocarrier; nanosystem; gold nanoparticles; temoporfin;
photodynamic therapy.

Agropu I1. Bipuy, O. €menko ta B. CMoKan 3asBist0Th PO BIICYTHICTh KOHQUIKTY iHTepeciB. UneH penakuiiHol
xosterii H. KyuieBon 3asBiisie Ipo BiZICYyTHICTh KOH(UIIKTY iHTEpECIB Ta HEBTPYYaHHS B IIPOLIEC OL[IHIOBAHHS I1i€] CTATTI
BIJMOBITHO [0 MDKHApPOIHUX CTaHAApTiB myOmikauiiinoi eruku. CHoHcopu He Opamy ydacti B pO3poONIeHHI
JIOCIIDKEHHS; Y 300pi, aHaIIi31 4K iHTepHpeTalii JaHuX; y HAlMCAaHHI PYKOIKCY; B PIlIeHHI Mo MyOIiKallilo pe3ysbTaTiB.

The authors P. Virych, O. Yeshchenko and V. Smokal declare no conflicts of interest. The member of the
Editorial board N. Kutsevol declares no conflict of interest and has not interfered in the evaluation process of this
article, in accordance with international publication ethics standards. The funders had no role in the design of the
study; in the collection, analyses or interpretation of data; in the writing of the manuscript; in the decision to publish
the results.

274 Bunyck 1



MeauyHa ¢izuka - cydacHU# cTaH, Npo6JieMH, HUISIXU po3BUTKY. HoBiTHI TexHoJ1OTii

YK 616.7-006.6-039.36-085.28
DOI: https://doi.org/10.17721/3041-1491/2024.11-36

Banepiii B. OPEJ/I12, acn.
ORCID ID: 0000-0003-3653-0823
e-mail: orel.valeriy@gmail.com

Anaroniii IEAKOBL, aA-p Mea,. HayK, pod., F0JI0B. HAayK. CiBpOG.
ORCID ID: 0000-0002-2187-0502
e-mail: an.dedkov@gmail.com

Banepiit E. OPEJI12, a-p 6ios1. HayK, npod.
ORCID ID: 0000-0002-6319-4215
e-mail: valeriiorel@gmail.com

Oasra JACIOKEBUYY, kaH /. 6i0J1. HAyK, NPOBiJ. HayK. CiBPOG.
ORCID ID: 0000-0002-5042-3541
e-mail: olgadix1993@gmail.com

OJiekcaHap PHXAﬂbeKHﬁl, CT. HayK. CIiBpoG.
ORCID ID: 0000-0001-6519-7316
e-mail: a.rykhalskiy@gmail.com

1/lepkaBHe HeKoMepLiliHe mignpueMcTBo "HanjioHaabHUM iIHCTUTYT paky”,
KuiB, YkpaiHa,
2HTYY "KIlI imeHi Irops Cikopcekoro”, KuiB, Ykpaina

JOC/IIKEHHA BIUIUBY IHAYKUIMHOI IOMIPHOI IITEPTEPMII
HA TETEPOTEHHICTb MPT-30BPAYKEHb CAPKOMM-45

Bcryn. Indykyitina nomipua cinepmepmia (IIIT') 3105KicHUX nyxAauH nepedéavae
8uKopucmaHHs padiouacmom 051 8u6ipkoeoi s10Kka1bHOI dii mensioeux i Hemena1o8ux
eghexkmis y 30Hi nyxauHu. Memoro po6omu Gy/10 8u84eHHs 8N/auU8y J10KA/bHOI iHAyKYiliHOT
nomipHoi 2zinepmepwmii (IIIT') Ha zemepozenHicms (I'T) pi3HUX 30H iHMepecy capkomu-45 3a
donomoz010 mexkcmypHozo aHanizy MPT-306pajiceHb.

MeTtoau. JocaidiceHHsA ekcnepumMeHmMa/abHO20 NYXAUHHO20 npoyecy npoeodu10cb
Ha HeiH6pedHux camkax wjypie (AHII "HIP", Kuie) 3 capkomoio-45. IIpogedeHe komn'tomepHe
naanyeanHsa napamempie IIII' pi3HUx 30H IHmMepecy nyxXAuHu 3 6UKOPUCMAHHAM
npozpamHo2o 3a6e3nevyeHHs Comsol Multiphysics v.5.6 (COMSOL AB, Stockholm)
3aceioyusno, wo cepedHE 3HAYEHHSA  NUMOMO20 Koediyiehma  nNO2AUHAHHA
es1lekmpomazHimHoi eHepziiy yenmpi nyxautu (3,6 Bm/k2) 6ya0 euwjum, Hidic Ha nepudbepii
(3,3 Bm/kz2) wu y kancyi (2,3 Bm/kz).

PesyabTaTu. Ilid enaueom III iniyiiioeanoi anapamom "MazHimepm" (Padmip,
Ykpaina), Ha 24 do6y nicaa nepeujensieHHs1 NyX/1UHU cnocmepiza.ocs icmomHe 3MeHUleHHs
06'emy capkomu-45.

BucHoBKHU. IlopieHsaavHull ananiz I'T 3a iHdekcom MopaHa 30H iHmepecy Ha
Ti-38adiceHux MPT-306padiceHHsIX noka3ae, wjo III' 3HuUdMCye AdaHuili mekcmypHuUil
napamemp y 8cix dociidiyceHux 30Hax iHmepecy capkomu-45 y cepednvomy Ha 21 %
NOpieHAHO 3 KOHMPOJILHOIO 2pynol0 meapuH 6e3 eniauey. Haliiabw imogipHo edhekm
36invwenHHa I'T capkomu-45 6ye noe'sazaHuil 3 6iavW eupaxrceHUM ¢GHOpPMYy8aAHHAM
gi6po3Hoi kancysau ma decmpykyii yenmpa i nepudbepii nyxauxu y gionogios na IIII

KnwuyoBi cJuoBa: iHdykyiiina nomipHa zinepmepmis, capkoma-45, komn'tomepHuti
aHaniz, MPT-306pasicelHs1, zemepozeHHicmb, iHdekc MopaHa.

© OpeJ1 Banepiti B., leakoB AnaToJiii, Open Banepiii E.,

JaclokeBu4 Onbra, Puxanbscbkuii Osiekcanap, 2024
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Beryn

Innykniina nomipHa rineprepmis (IIIIN) 3moskicHMX TyXJIHH mepeadavae
BHUKOPHCTAHHS PajiioyacToT sl BUOIPKOBOI JOKANBHOT /il TEMIOBHUX 1 HETEIIOBUX
edektiB y 30HI nyxiauHu. I[1' BUHUKae sK 3 ENEKTPUYHOI, TaK 1 3 MarHiTHOI
CKJ1aJI0BOI ipuKIafaeHoro mnojs (Barnes, & Greenebaum, 2018, p. 165-170).

CapkoMu — Iie TeTeporeHHa rpymna 3NOSKICHUX IyXJIHHH, SKi BUHUKAIOTH i3
CTIONYyYHHUX TKaHWH, II0 OOyMOBJICHO aOEepaHTHHUMH T€HETHUYHUMH, CUTHAIBHUMH,
MeTa0omYHIUMH, MOP(OJIOTTYHUMH Ta TeMOANHAMIYHUMH Xapakrepuctukamu. [T
3MeHIye nmpocTopoBy rereporenHicTs (I'T) ekcrpecii mpoamontuaHoro Oinka Bax y
kiiTHHaxX capkomu Saos-2 (Orel et al., 2024, p. 1-18).

Mema pobomu — BuBuenHs BruBy IIII" Ha I'T capkomu-45 3a IOMOMOror
KOMIT'TOTepHOro aHajizy MPT-300pakeHb.

MeTtoau

JocmipkeHHsT  eKCIIePUMEHTaIbHOTO IyXJIMHHOTO TPOIECy MPOBOAMIOCH Ha
HeinOpennux camkax mypis (JJHIT "HIP", KuiB) 3 capkomoro-45. TBapuH NOALTAIH
Ha 3 rpymu: 1 — iHTaKTHI mypu (n = 6); 2 — KOHTPOJIbHA TPyMa i3 CapKOMOr0-45
(n=6) 6e3 mikyBauus III; 3 — excrepuMeHTalbHA TIpyla 3 CapKOMOI0-45, ska
mignaBanacst BBy I (n=6). Idns peamizanii nokaneHoro BrumBy I[N Ha
capkoMy-45 BHKOPHCTOBYBJIM €KCIIEpUMEHTaIbHHUN 3pa3ok amaparta "Marnitepm"
(Panwmip, Ykpaina) 3 qumonsHUM arsTikatopoM. [Iporienypy onpoMiHeHHS 4acTOTOI0
42 MI'1y mpoBOIIIH, TIOYMHAIOYH 3 JPYTOTO JIHS ITCTS TEPENeIUICHHs MyXJIHHH.
Yeworo Oymo mpoBeneno mo 5 ceanciB mo 15 xB IIIIT gepe3 mens. IligBumeHHs
TeMITepaTypH I Yac CEaHCiB JIIKyBaHHS cTaHOBUIIO He Oinbie 4 °C. JlocmimkeHHs
Ha TBapWHAX MPOBOMMIM BiAMOBITHO 0 3akoHy Ykpainu N 3447-1V mpo 3axuct
TBapHH BiJ] )KOPCTOKOI0 MOBOpKEHH: Ta €Bpomnetichkoi Jupexrusu 2010/63/€C mpo
3aXUCT TBAPHH, SKi BUKOPUCTOBYIOTHCS] B HAYKOBHX ITLISAX.

Kowmm'torepre mnanysanus [I11" Oymo mpoBeneHo 3 BUKOPUCTAHHSM IIPOTPAMHOTO
3abe3nmedeHHss Comsol Multiphysics v. 5.6 (COMSOL AB, Stockholm). Cmig
3ayBa)KUTH, IO PO3MOALT €IeKTPOMATHITHOTO TOJS B IMyXJIMHI HEPIBHOMIPHHI.
Y Tabn 1 HaBemeHO cepemHi 3HAYEHHS IMHTOMOTO KoedillieHTa MOTTTHHAHHS
eNMeKTPOMArHIiTHOI eHeprii 3a pe3yabraTaMd KOMII'TOTEPHOTO MOJETIOBAHHS IS
PI3HUX 30H iHTEpeCy capkoMu-45.

Taonuuys 1
Cepenni 3HaueHHS] TUTOMOr0 KoedilliecHTa MOTTIMHAHHA eJIeKTPOMATHITHOI eHeprii
B MojieJIi 1715 pi3HUX 30H iHTepecy

3oHa iHTEpecy
ITapamerp entp Hepudgepin Kancyaa
NYXJIHHHU NYXJIHHU NYXJIUHU
[MuToMmii KOoeiIieHT MTOTTMHAHHS 36 33 23
€IIEKTPOMATHITHOI eHeprii, Br/kr ' ' '
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MarnitHo-pe3oHancHy ToMorpadiuny (MPT) Bisyamnizanito mpoBoAWIM Mif yac
iHAyKIii noctifiHoro marHiTHOro monst 1,5 T ta wactori 63,9 MI' (Intera, Philips,
Hinepnannu), BUKOpUCTOBYIOUHM 8-KaHalbHY KOMiHHY KOTYIIKY (Sense Knee Coil,
Philips). 3onu inTepecy "menTtp myxiuHu", "mepudepis myxiaumHH" Ta "Kamcyna
OyXJUHU" CerMEHTOBaHO y mporpamMHoMmy cepenoBuini Image] 1.53a (National
Institutes of Health, CIIA). Jdns ouintoBanas ['T MPT-300paxeHs MyxJInHH
BHKOPUCTOBYBaJIM IHJEKC IIPOCTOPOBOI aBTOKOpensiii MopaHa y TpOIyKTi
Autocorrelation v. 1.0 (HIP, Ykpaina).

CraTUCTUYHMI aHaJli3 JOCTOBIPHOCTI OTPUMAaHUX JaHUX IPOBOIWIM 32
nonomororo U-kputepito ManHa—YiTHI sl TOpIBHSHHA 00'€eMy MyXJIHH Ta
kputepito Kpackemna—Yomrica — Jijist TOpiBHSHHS 3Ha4EHb iHAEKCY MopaHa y makeri
SPSS Statistics 25 (IBM Corp.).

PesyabTaTn

3minu 00'emy capkomu-45 mig BrmuBom [T Ha 24-Ty 100y micis nepeiernieH s
MyXJIMHU HaBeleHo B Tali. 2. Take icTOTHE 3MEHIICHHS 00'€My MyXJIMHU TiCIs
kypcy TN HaiibinbI iIMOBIPHO TMOB'SI3aHE 3 JII€I0 EIEKTPOMATHITHOTO OIPOMiHEHHS
Ha paHHIN cTalil POCTy eKCIIepUMEHTAIBHOI MyXJIUHH, KoK I1e He chopMOBaHA
cynunHa mepexa (Carmeliet, & Jain, 2000, p. 249-257).

Tabnuya 2
3MmiHa 00'emy capkomu-45 nia Bnuiusom T
Ha 24 100y nicJjs nepeuenjeHHs MyxXJauHu, M +m

I'pyna 06'em, cm°
Kontporns (n = 6) 174+2.2
IMC (n = 6) 31+ 1,9

* CTaTHCTUYHO JIOCTOBIpHA PI3HUIIS BiJ KOHTpOIIO, p < 0,05.

Puc. 1 pemoHcTpye mnpukianm cermeHrtamii 7i-3BakeHnx MPT 300pakeHb
(xopoHapHi 3pi3m) TBapuH i3 capkomoro-45. IlyxnuHum Bi3yami3yBamuch 130-
TIMOIHTEHCUBHUMH YTBOPEHHSIMH, OBOIMHOI (popMu 3 OyrpMCTUMH KOHTYPaMH,
HasBHICTIO AUISTHOK IIEHTPAIBHOTO HEKPO3y Y KOHTPOJBHIN TPy, y TOX 9ac fK B
eKCTIEpUMEHTAIFHIN TPy BOHM MalH OUTBIN PiBHI KOHTYPH, BHpakKeH! MIISTHKU
HEKpO3y Ta OUTBI BUpaXKeHYy Karcyny. Bizyansauit ananiz MPT 3pisiB mocTatHpo
iHDOPMATUBHO BigOOpa)ka€ TUIMOBUU IHIWBIAYAIbHUH MPOTUIMYXJIMHHUN egeKT
BIuBy Kypey I Ha 24 noOy micns nepemeruieHHs nyxiuHu. OfHaK, 3BHYAiHO,
MOMITHA PI3HUI B pPO3Mipax Ta BI3yaJIbHUX XapaKTepUCTHKax CapKoMu-45
HemocTatHs. [ OuTbm moBHOTO po3yMiHHS ocobmmBocTel 3Mian ['T myxmuH mijx
BrBoM II1I" Oyno nmpoBeneHo po3paxyHKH iHAeKCy MopaHa It 30H iHTepecy Ha
orpuMmannx MPT-300paxkeHHsIX capkoMu-45, pe3yabTaTy sIKHX HaBeIeHo B Tao. 3.

[IpoananizyBaBiy BHIIIEHABEACHI pe3yIbTAaTH KiUTbKiCHOTO omiHtoBaHHS T, ciin
3a3HAYUTH, 10 B KOHTPOJIBHIN Ipymi TBapuH noka3HUKH I T y pisHUX 30Hax iHTEpecy
Malyd HEOAHAKOBI 3HadeHHS. Y BigmoBine Ha IIIIT po3paxoBaHMi TEKCTypHHMA
nmapaMerp iCTOTHO 3HIKYBaBCSl B cepenHboMy Ha 21 % anst BCiX 30H iHTEpecy
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MOPIBHSIHO 3 KOoHTponeM. HaiimeHmni 3HaveHHst iHmexcy MopaHa Oynu B 30HI
inTepecy kancynu micus II1T. 3a nanumu (Miallot et al., 2021, ¢. 1-23), HaiiGuIbII
imoBipHO 3MmiHa I'T 30H iHTepecy Ha T)-3BaskeHnx MPT-300paxeHHsIX capkoMu-45
Oyrna 1moB's3aHa 31 3MEHIIIEHHSM Bapiallii ITbHOCT1 TKAHWH, IXHHOTO MiKPOOTOYECHHS
Ta TIO3UTUBHUMH 3MiHAMH KPOBOTOKY Y IyXJIMHAX Tix BrutuBoMm II1T.

Puc. 1. Ti-3Baxxenni MPT-300pa:keHHsl (KOpOHapHUIA 3pi3):
KOHTPOJIbHA TpyNa i3 capkoMo10-45 Ge3 BILIMBY (2);
eKcIepUMeHTaJIbHA rpyna 3 capkoMoro-45 micas snausy IIT (0);
iHTaKTHI TBapuHM 0e3 MyXJIUHH (B).
3ona iHTepecy nmyxiuuHu: 1 — neHtp; 2 — nepudepist; 3 — karcyna

Taonuuysa 3
IlopiBHsiHHA ingexcy MopaHa 30H iHTepecy Ha T1-3BaskeHnx MPT-300pa:xkeHHsIX
NYXJHHOHOCIIB capkomu 45, M £ m

3ona inTepecy
I'pyna Lentp Iepudepin Kancyaa
MyXJIMHH, Y.0. MyXJIMHH, Y.0. NMyXJIMHH, Y.0.
KonTtpons 0,75 £ 0,003 0,67 = 0,003* 0,56 + 0,005*5
IIIr 0,51 £ 0,008? 0,56 + 0,006? 0,48 + 0,006*%
M'ﬂ3gBa TKaHWHA 3I0POBOL 0,69 + 0,006
KiHIIIBKU

* CTATUCTUYHO MOCTOBIpHA PI3HMUIN BiJ 30HH iHTepecy "meHtp myxmman", p < 0,05;

¥ cTaTHCTUYHO JOCTOBIpHA Pi3HMIA Bifl 30HH iHTepecy "mepudepis nyxmuun'", p < 0,05;
 CTAaTHCTHYHO JOCTOBIPHA Pi3HMIIA BiJl KOHTpOIIO, p < 0,05;
6 craTucTHYHO nmoctoBipHa pizaut Big 11T, p < 0,05.
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Juckycisi i BHCHOBKH

JlokanpHa iHAYKUiiHA TOMIpHA TinepTrepMis capkoMHu-45 iHILiIOE MiABUIICHHS
reTeporeHHoCcTi myxiauHu Ha Ti-3BakeHHMX MPT-300paskeHHSX MOPIBHIHO 3
Bi3yaJli30BaHUMH KOHTPOJHHMMH ITyXJIMHAMH TBapuH 0Oe3 BIumBy. OTpumani
pe3yabTaTH MOXKYTh MaTH MPAKTUYHE 3HAYCHHS AJIS1 XapaKTEePUCTUKU MYXJIIHH i
Yac 1arHOCTHKH Ta OILHIOBAaHHI e()eKTy JiKyBaHHS XBOPHUX HA CAPKOMH.

Buecok aBtopiB: Basepiit 5. Open — koHmenTyami3aifis, METONOIOTIS, (OpMaILHUNA aHANTI3,
MporpaMHe 3a0e3MeUCHHs, HalMCAaHHS — OpUTiHAIbHA YePHETKA, HAIIMCAHHS — TIEPETIIsiL 1 pelaryBaHHs;
Amnaromiii [leIKOB — METOIOMIOT s, KOHIenTyani3amis; Banepiit E. Open — koHIenTyarizaris, Baigaris,
HAaITMCaHHS — OpWTiHAJbHA YepPHEeTKa, HalWCaHHA — reperisiy i pexaryBanHs; Onpra JlaciokeBud —
metononoris; Onekcanap PuxambCbKAN — METONONOTIs, MporpaMHe 3a0e3TEUCHHS, HAIMUCAHHS —
TIeperIsy i peraryBaHHsI.

IMonsikn, ruxepesia GpinaHcyBaHHA. ABTOpU BUCIOBIIOIOTH MoKy K.C. MarBeiiuyk 3a TexHIUHY
miarpuMky. PoGory BmkoHaHO 3a 4YacTkoBOi (iHaHcoBoi miaTpumkun MO3  VYkpaimm HJIP
BH.14.01.07.204-23.
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EXAMINATION OF THE EFFECT
OF INDUCTIVE MODERATE HYPERTHERMIA
ON SARCOMA-45 HETEROGENEITY USING
MAGNETIC RESONANCE IMAGING

Introduction. Induced moderate hyperthermia (IMH) of malignant tumors
involves the use of radio frequencies for selective local action of thermal and non-thermal
effects in the tumor area. The current work aims to evaluate the effect of local inductive
moderate hyperthermia (IMH) on the heterogeneity of different regions of interest (ROIs)
delineated on MRI scans of sarcoma-45 bearing animals using texture analysis.

Methods. The study of the experimental tumor process was conducted on non-
inbred female rats (DNP "NIR", Kyiv) with sarcoma-45. Computer planning of IMH
parameters for different tumor ROIs based on Comsol Multiphysics v. 5.6. (COMSOL AB,
Stockholm) software revealed that the average value of the specific absorption rate was
higher in the tumor core (3.6 W/kg) than in the periphery (3.3 W/kg) or capsule (2.3 W/kg).

Results. A significant tumor volume reduction was observed on day 24 following
implantation in response to IMH delivered by a MagTherm (Radmir, Ukraine) apparatus.

Conclusions. Comparative analysis of ROI heterogeneity, determined by the Moran's
autocorrelation index of T1-weighted MRI scans, showed that IMH led to a 21 % decrease in the
value of this texture parameter across all tumor ROIs, on average, as compared with the control
group which received no treatment. The reported increase in heterogeneity of sarcoma-45 was
most likely associated with a more pronounced formation of the fibrous capsule and tumor
destruction in the core and periphery ROIs in response to IMH.

Keywords: induction moderate hyperthermia, sarcoma-45, MRI image, computer
analysis, heterogeneity, Moran's index.

Asropu B.B. Open, A. Jlenxos, O. [laciokeid ta O. PuxasibehKHit 3asBISIOTH 1Po BicyTHiCTb KoHGuIikTy iHTepecis. Yien penakuiiinoi konerii B.E. Open
3asBJIsI€ PO BIICYTHICT KOH(IIIKTY iHTEPECIB Ta HEBTPYYAHHS B POLIEC OLIHIOBAHHS LT CTATTI BIMOBIIHO 10 MKHAPOIHHUX CTAHAAPTIB MyOIiKaLiiHO T
eruky. CrioHcopu He Opajm ydacti B po3polieHHi JOCIBKeHHs; y 300pi, aHai3i M iHTeprperanii JaHnuX; y HAIMCAHHI PYKOIMCY; B PillieHHi npo ny0ikaLiio
Ppe3yJIbTaris.
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1KuiBcbKui HalioHA/IbHUH yHiBepcuTeT iMeHi Tapaca llleByenka, KuiB, YkpaiHa

AHTUBAKTEPIAJIBHI BJIACTUBOCTI I'IAPOTEJIIB
HA OCHOBI ITOJIIAKPUWJIAMIAY
TA MOJITEKCAMETUJIEHT' YAHIAUHTTAPOXJIOPUAY

B ctyn. JocaidsceHHs npucesueHe po3po6yi nosimepHux mamepiasnie 6iomedudHo20
npu3Ha4yeHHs, AKUM e/1acmuei aHmub6akmepiaavHi eaacmugocmi.

MeTtoau. /Jea cidpoginbHux cuHmemuqHux noJimMepu - KO8AJIEHMHO 3wumulil
nosiakpuaamio ma nosizcekcamemusieH2yaHiouH2iopoxaopud, - 6y/10 CUHIME308aHO
Memodamu padukaabHoi noaimepusayii ma nosikoHdeHcayii 6idnoegioHo.

PesyabTaTu. Y pesyssmami o6mexrnceHo20 HA6yXaHHs 3uwumuii noaiakpuaamio y
800HOMY pO34UHi ymeopile zidpozeai 3 xopowumu dJudy3iliHumu i cop6yiliHumu
e/1acmueocmsimu, cmyniib Ha6yxaHHs1 cmaHosums 1370 %. BakmepuyudHi e1acmugocmi
IITMI'X 6ya10 oyiHeHO WAAXOM 8U3HAYEHHS MIHIMAIbHOI iH2IGyI040i KoHYyeHmpayii uodo
wmamie 6akmepitl Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa ma
Klebsiella quasipneumoniae i noka3aHo 8UcoKy akmugHicmb nosimepy y 00HOMY pO34UHi
3a koHYyeHmpayit menuwe 175 mke/ma. Y pesyssmami cop6yii IIFTMI'X i3 po34uHie pizHoi
KOHYeHmpayii Ha nogepxHio 2idpoze10 6y/10 OMpuUMaHo 3pa3Ku i3 pisHuM emicmom dilo4oi
pedosuHu y 3pa3ky. 3pa3sku IIAA-cidpozenie i3 II'MI'X Gysn10 npomecmoeaHo AucKo-
dudpy3iiiHum mMemodom wjodo wmamie ykazaHux 6akmepill ma 6y/710 NOKA3AHO iXHIi
aHmu6akmepiaivHi e1acmueocmi.

BucHoBku. Takum yuHom, ITAA-zidpozeni 3 adcop6oeaHum Ha ixHiill nosepxHi
nosizekcamemusieHzyaHiouHzidpoxopudom, 80/100il0MU  HU3bKOIO  MOKCU4Hicmio,
6ios102iuHOI0 decmpyKyielo, HeazpecugHicmio do iHwux mamepiaaie ma 6ioa02iYHUX
MKAHUH, 3060AKU C60iM aHMuGAKmepiaabHUM 6/1aCmueoCcmamM MoOMCymes Gymu
8UKOpUCMAHI AK paHesi N08'A3KuU, ujo 3ano6izaioms iHgheKyiliHUM 3aX80PI0BAHHAM.

Knw4yoBi cusoBa: czidpozeni nosiakpuiamio, nosicexkcamemuieHzyaHiouHzidpo-
Xx/10pud, anmu6akmepiaavHi 81acmugocmi.

Beryn

[Ipobnema OGopoTeOM 3 MiKpoOpraHi3Mamy, IO BUKIMKAOTH IH(EKIiHHI
3aXBOPIOBAHHS y JIIOJICH Ta TBapHH, 3 010€CTPYKILIEFO MaTepiaiB Ta 61000pOCTaHHAM
oONaJIHAHHS € aKTyaJbHOIO, HE3BKAIOUM Ha 3HAYHWN BUOIp iCHYIOUMX O10IMHUX
npernapariB. BuTbImicTh Ne3nHQiIKYIOYUX 3aC00iB MICTSITh TOKCHYHI PEYOBHHU abo0
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YTBOPIOIOTH TOKCHYHI TMPONYKTH JecTpyKuii. TOKCHYHICTH Ta arpecHUBHICTDH
TPaJULIHUX XJIOPBMICHHUX MpernapaTiB, albAeriiHUX Ta (DEHONBHUX Mpenaparis
CTAaHOBUTH PHU3MK JUIsl 30POB'S JIONCH Ta JOBKULISA i € MPUYMHOK HEOOXiTHOCTI
PO3pOOKH HOBHMX €KOJIOTTYHO OE3MEeUHHMX Ta MAJIOTOKCHYHKX 3aCO0IB.

OcraHHIM YacoM 3Ha4Hy yBary OpUAUIIOTH Ae3iH(ikyrounMm 3acobam Ha
OCHOBI TOJNITYaHIIUHIB, IO 3YMOBJCHO iXHHOIO OIOLMUHOIW BIACTHBICTIO,
CTaOUIBHICTIO, HU3BKOK TOKCUYHICTIO. AHTUCENTUYHI Ta Ne3iH(iKyr04i 3aco0M Ha
OCHOBI I'yaHIIMHOBUX CITONYK aKTHBHI IIO/I0 IPAMHETaTHBHUX Ta TPAMIIO3UTHBHUX
Oakrepiit (Walczak, Richert, & Burkowska-But, 2014).

Bigomi HoBiTHI crparerii Au3aiiHy OiOJOriYHO AaKTUBHHX MarepiaiiB
OXOIUTIOFOTH 3HAYHOIO MIPOFO T1pOorelti, MPOITOHYIOYH Pi3HOMaHITHI METOJI CUHTE3Y
Ha OCHOBI NoMiMepHUX citok. [igporeni Ha ocHOBI noniakpuiaminy (ITAA) 3aBsiku
CBOIM  BOJOYTPHMYIOYMM  BIIACTUBOCTSIM,  €JACTUYHOCTi, aTPaBMAaTUYHOCTI
3apeKOMEHIyBalin ce0e sK BUCOKOC(EKTHBHI Marepiajud HOBOI TeHepallii s
nmikyBanHs pan (Nadtoka et al., 2019). TIigporeni MOXYTh MICTHTH PO3UUHH
AHTHCENTHKIB, aHAJLIETHKIB Ta 3HEOONIOBAJLHUX, M0 JO3BOISE HE TIIBKH
130JTFOBATH paHy BiJ iHQEKIIT, a i MPOBOJUTH TEPAITit0 paH PI3HOTO I'eHE3Y.

[lpoBenene gochijpkeHHST Mae Ha MeETi OTPUMAaHHS Ta  BHBYCHHS
aHTHOAKTEpiaJbHMUX BJIACTUBOCTEH TigporeniB Ha ocHOBI [TAA, mo HacudeHi
ne3iH(IKYI0UIM 3aco00M MomirekcaMeruiaeHryaniquariapoxitopuaom (ITIMIX),
SIKI MOXKYTB OyTH BUKOPHCTaHI B METUITHHI, Y JIIKAPHSIHIA TPAKTHITI, Y BEeTEpUHAPII,
y I0OyTi TOIITO.

Metoau

st cuHTE3y Timporemo Ta OaKTEPUIIMTHOTO TONIMEPY BHKOPHCTOBYBAIN
akpunamin, N,N'-mermnen-Oic-akpumamin, uepiii(IV) amoniii wirpar (IIAH),
TYaHIIMH T1apoXxJIopu, rekcaMmeTrmiieHaiamin (Sigma-Aldrich), auctunpoBany Bomy.

CuHTE3 TiApOreN0 TPOBOAWIM METOAOM pamdKadbHOI — IoJiMepH3alii
aKpwIaMiy 3a HasBHOCTI 3mmBHOro areHta N,N'-meTmieH-Oic-akpuiaminy,
y3sitoro B koHueHtpauii 0,4 % Big macu axpwiaminy. Sk iximiatop Oymo
BHKOpPHCTaHO OKMCHO-BiqHOBHY cuctemy Ce(IV)/HNOs. I'igporens Oyimo odumieHo
[UITXOM BUTPUMYBAHHS B AUCTHIIHOBAHIN BOMI I BUAAJICHHS 3QIUIIKIB PEareHTiB.
JuctunpoBaHy BOIy TpU4i Ha 100y 3MIHIOBAJIH MPOTITOM KLTBKOX [Ii0.

CunaTe3 OaKTEpUIMIHOTO TOMIMEpY MONIreKCaMeTHIICHTyaHi JUHTiPOXIOPUIY
Oymo  3miiiCHEHO METOIOM  TMONIKOHJEHCAIl TyaHIMWMH TiOpoXJopuay Ta
reKcaMeTICHIIaMiHy, Y35ITHX B €KBIMOJIBHUX KUTBKOCTSAX Y PO3ILUIABi i3 TOCTYIIOBAM
30UTBIIEHHSIM Temrieparypu peakiiiaoi cymimi Bix 120 mo 180 °C. Ilomimep Oyio
OYMIIIEHO METO/IOM KUTbKapa3oBOro MepeocaPKEHHS 3 JIY)KHOTO CEpeJOBUIIA.

[IpoBeneno Bu3HaueHHA MiHIMaNbHOI iHTIOyto4oi koHmeHTapiiii (MIK).
AnrtunbakrepianpHy aktuBHicTh [II'MI'X nepeBipsiim mono mwramis Staphylococcus
aureus (ATCC 29213), Escherichia coli (ATCC 25922), Pseudomonas aeruginosa
(ATCC 277253) i Klebsiella quasipneumoniae (ATCC 700603). docmimkeHHs
MPOBEACHO Ha pimkoMy cepeaoBumli Mromiepa—XiHTOHa Takoro ckiamy (T/1):
rigpomizar kazeiny — 17,5, menton gepmeHTaTUBHUI — 2, kpoxmanb — 1,5, pH 7,3.
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Matounutii pozuns [II'MI'X roryBanu Ha ocHoBi 0,9 % NaCl. AnikBory aomaBanu
70 cepemoBHINa iHKyOamii OakTepiil i METOIOM IBOKpATHUX PO3BEICHb TOTYBAJU
TiHIAKY KOHIIeHTpaliil y aianazoni 2,81-0,011 mr/mi. 1 ma 6akrepiansHoi cycnensii
(0,5 x 10° KYO) 3 BignosinHoro konunentpamieto II'MIX inkyGysanu 3a 37 °C
npotsarom 24 roga. MIK BBakanu KOHIIGHTpAIiF0 3 Bi3yaJlbHO BiJICYTHIMH POCTOM
BiAmoBigHOrO mWTamMy Oakrepiit. [ToBTOproBaHicTh AOCHiAiB Oyia TPHKPATHOLO.

Hocnimpkeno antubakTepianbHi BinacTHBOCTI TigporemiB 3 [II'MI'X in vitro.
3pasku rigporeniB iHKyOyBanu npotsiroM 24 rox y po3uunax [1I'MI'X 0,1, 0,3, 0,5,
0,75 Ta 1 wmr/mn. AmnTHOaKTepiaibHy AaKTHBHICTh TLAPOTENIB  TEpPeBipsuTH
JUCKOMU(Y31IMHUM METOIOM 11010 tamiB Staphylococcus aureus (ATCC 29213),
Escherichia coli (ATCC 25922), Pseudomonas aeruginosa (ATCC 277253) i
Klebsiella quasipneumoniae (ATCC 700603). JlocmimpkeHHs TPOBOIMIIA HA arapi
Miomiepa—XiHTOHa TaKoro CKJIajy: arap-arap MikpoOionoriunuii — 17, rimpomizar
Kazeiny — 17,5, nenToH ¢pepMeHTaTuBHUIA — 2, Kpoxmaib — 1,5, pH 7,3. @parmenTu
riiporeis giaMeTpoM ONHM3bKO 5 MM 1 BUCOTOIO 1-2 MM pO3MilllyBaJId Ha arap i3
BianoBimHuM mTamom Oaktepiii. Yamku [lerpi inkyOysamu 3a 37 °C mporsirom
24 ron. Jliamerp 30HM 3aTPUMKH POCTY HAaBKOJO TiIPOTeNiB BUMIPIOBAIH
mraHreHnupkKyinem Miol 15-240. JlociikeHHs TOBTOPIOBAIM TPHI.

Pe3yabraTn

Byno orpumano nomiMepHi Martepianu, GOopMyIH SIKHX MPeACTaBIeHO Ha puc. 1.
Y pesynbrari oOMexxeHoro HabyxaHHs 3muTHi [TAA ipencTaBisie coO0r0 Tiaporens,
SIKUI BOJIOZIIE XOPOIIMMH AUQPY3IHHUMHU Ta COPOLIMHUMHU BIACTHBOCTSIMHM, CTYIIHb
HaOyxanHs1 ctaHoBuTh 1370 % (Nadtoka, Virych, & Kutsevol, 2021). ¥ BogHOMY
po3uuHi IIT'MI'X rigporens 3maTHri cOpOyBaTH Ha CBOIH OBEPXHI OAKTEPUIIHTHAN
rmojiMep 1 YTBOPIOBAaTH Marepiayl 3 TPOJIOHTOBAHUMH aHTHOAKTEpiaTbHUMH
BJIACTUBOCTSIMHU, SIKHI MOXE BUKOPUCTOBYBATHCH SIK IOKPUTTS JUIS PaH.

o

"NH, 0
1|
“"NH,

£

O7 "NH™

NH o) HzN [ H JH
z P! NH N,

Puc. 1. CtpykrypHi ¢popmysin moximepis:
1 — xoBanenTHo 3mmTHii [TAA, 2 — II'TMI'X

Ha mepmomy erani Oymo nporectoBano po3uuH [II'MI'X momo aii Ha mrtamMu
MOLIMPEHUX XBOPOOOTBOPHUX OaKTepil Ta BU3HAYEHO HOro MiHIMalbHY 1HTiOyr0uy
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koHnentpauito (MIK). MIK BomHoro posumny mnomimepy IIITMI'X mnsa
Staphylococcus aureus ta Escherichia coli — 88 mxr/mun, mist K. quasipneumoniae —
175 mxr/mn, s P. aeruginosa — 175 Mkr/mi, — 10 BKa3ye Ha BHCOKY
OaKTepUIMIHY AaKTUBHICTh MONIMEPY TMOPIBHAHO 3 IHIIUMH OaKTepUIIMIHUMHU
arcHTaMU Ha OCHOBI aipleriiiB abo xjopoBmicHuX pedoBuH (CanmanoB, 2017,
¢. 92-125). Pozunn [II'MI'X 3 koHueHTpanismu sumie 0,5 MI/mMi ocaKyBaiucs y
cepenouili Mromiepa—XiHTOHa, IO € TPOSBOM HOro  (MIOKYISTHUBHUX
BnacruBocTer (Hwknuk ta iH, 2004, c. 16-25).

CopboBannii Ha nmoBepxHio Tigporento [II'MI'X mposiBiisie aHTHOAKTEpiadbHY
AKTHBHICTh y MIpy HasBHOCTI BOJOTOr0 CEPEIOBUINA i CTBOPIOE JOBKONA 3pa3KiB
MPO30pHUI apeall, y sIkOMy He BUSBJICHO KOJIOHIHM OakTepii, ik BUIHO Ha puc. 2. Ilei
apeay Ma€ BiIHOCHO HEBEIHKE 30UIbIIECHHS 31 3pOCTaHHSAM KOHIIEHTpAIlii PO3UHHY
OaKTepUINIHOTO MOTIMEpY, Y SKHUli OyII0 3aHypEHO TiIporenb, i CTAHOBUTH Bil 5 10
7vMm. lle wMoxe OyTH TMOB'SI3aHO 3 BEIMKOI  MOJNEKYISIPHOK — Macoro
aHTHOAKTEpIaTbHOTO TONIMepy, Horo oOMEKeHOw Iudy3iero 3 Tigporenis Ta
(JIOKYJSITUBHUMH  BJIaCTHBOCTAMHU. [Ipore He BUSBIEHO pocTy Oakrepiil mif
3pa3kami i B Oe3mocepeHiil OIM3bKOCTI 10 HUX, 11O € MO3UTUBHUM PE3YJIBTaTOM Ta
BKasye Ha  [EPCHEKTUBHICTb  BUKOPUCTAHHS  TiIPOTENECBUX  MarepiaiiB
aHTHOAKTEPiaaIbHOroO MPU3HAYEHHS IIIMPOKOIo CIIeKTpa [il.

Puc. 2. IurioyBauus S. aureus, E. coli, K. quasipneumoniae
Ta P. aeruginosa rinporeasimu 3 INI'MI'X.
Konuentpanii IITMI'X: 1 — 0 mr/mur; 2 — 0,1 mr/mutg 3 — 0,3 mr/mur; 4 — 0,5 mr/mutg
5-0,75 mr/mi; 6 — 1 Mr/mi
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Juckycisi i BHUCHOBKH

3a [OMOMOror0  KJIACHYHMX METOAIB  paauKalbHOI MoniMepu3amii  Ta
MoMiKOHAEHcail Oylo OTpUMaHO TiAPOQiIbHI MOMiMepH — 3MUTHI NOMIaKpUIaMiJ] Ta
MONTireKCaMeTHICHTYaHIIMH TiApOXJIopua. Y pesynsrari ix komOiHamii Oyio
OTPHUMAHO 3pa3Ky Ta JOCIIIPKEHO OaKTEPHUIIMIHI BIACTUBOCTI Ha iXHil moBepxHi. byino
MOKa3aHO BHCOKY aHTHOaKTepialibHy e(eKTHBHICTH BomHMX po3unHiB [II'MI'X Ta
MOBEPXHEBOro Iapy rifaporento 3 aacopoosanuM [II'MI'X miomo mramiB Oakrepiit
S. aureus, E. coli, K. quasipneumoniae ta P. aeruginosa. OTpruMaHi 14T Tiporei €
MEpCIeKTUBHUMU MaTepiaiaMi JUisi CTBOPEHHsI PaHEBHX IOB'I30K 1 MOXYTb OyTH
BUKOPUCTaH1 B MEIWIVHI, y JTIKAPHSHIN MPaKTHIli, Y BeTepUHapii, y moOyTi TOIIO.

Buecok aBtopiB: Oxcana Hanaroka — KoHIeNTyaizallisi, HallMCaHHS — OpPHTIHAIbHA YEpPHETKa,
penaryBanHs; Bipuu [laBno — Bamigarist qaHuX, HaIMCaHHS — OpPHTIHAIBHA YepHETKa, (OpMaTbHIHA
aHani3; Haramis KyrieBon — HanmcaHHS — mepenisi 1 pearyBaHHsL.
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ANTIBACTERIAL PROPERTIES OF HYDROGELS BASED
ON POLYACRYLAMIDE
AND POLYHEXAMETHYLENEGUANIDINE HYDROCHLORIDE

Introduction. Theresearch is devoted to developing biomedical polymer materials
that have antibacterial properties.

Methods. Two hydrophilic synthetic polymers - covalently cross-linked
polyacrylamide and poly hexamethylene guanidine hydrochloride - were synthesized by
radical polymerization and polycondensation, respectively.

Results. As a result of limited swelling, cross-linked polyacrylamide in aqueous
solution forms hydrogels with good diffusion and sorption properties, the degree of swelling
is 1370 %. The bactericidal properties of PGMHC were evaluated by determining the
minimum inhibitory concentration of strains Staphylococcus aureus, Escherichia coli,
Pseudomonas aeruginosa, and Klebsiella quasipneumoniae bacteria and showed the high
activity of the polymer in aqueous solution at concentrations less than 175 ug/ml. As a result
of the sorption of PGMHC from solutions of different concentrations onto the surface of the
hydrogel, samples with different contents of the active substance in the sample were
obtained. Samples of PAA hydrogels from PGMHC were tested by the disk diffusion method
against the strains of the specified bacteria, and their antibacterial properties were shown.

Conclusions. Thus, PAA hydrogels with poly hexamethylene guanidine
hydrochloride adsorbed on their surface, possessing low toxicity, biological destruction, and
non-aggressiveness to other materials and biological tissues, due to their antibacterial
properties can be used as wound dressings that prevent infectious diseases.

Keywords: hydrogels, polyacrylamide, polyhexamethyleneguanidine hydrochloride,
antibacterial properties.
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3ACTOCYBAHHA INEPCOHAJII30BAHOT'O IIAX0AY
/10 ®OPMYBAHHS MNPOTOKOJ1Y PEABUIITALII BIMCbKOBUX
I3 IITCP TA YPAYKEHHAMMU I'OJIOBHOT'O MO3KY

BcTtyn. Po6oma npucesiveHa eupiuleHHIO npo6aemMu nocmmpasmamu4HoO20
cmpecogozo po3aady (IITCP) y gilicbkogux i3 ypaxceHHAMU 20/1086H020 MO3KY UWLASIXOM
3acmocy8aHHs nepcoHa1i308aH020 nidxody do hopMyeaHHs1 npomoko.1y ix pea6irimayii.

MeToau. Ilpu ysoMy 3acmocoéaHo aHa1i3 NPOMOKO0.1i6 KAIHIYHUX cnocmepeiiceHb
wodo edhekmusHocmi pea6binimayii xeopux i3 nposeamu IITCP ma/a6o ypasiceHHAMU
20,108H020 MO3KY (T'M).

PesyabTaTu. Po3po6ieHo MedukKo-mexHiyHI eumozu 00 mepanesmu4Ho20
npuaady, o Gye 4acmuHol0 KOMN/AeKcHOI npozpamu diazHOCmMuKu ma nepcoHani308aHoi
peaéianimayii gilicbkogux, yuacHukie 60tiogux Jill.

BucHoBKU. Po3po6aena npozpama pea6inimayii eilickkogux ma oci6, ujo
nocmpascdanau 8Hacaidok gilickkogux ditl i cmpajxcdaiomev Ha ypaxceHHss 'M ma
cumnmomu IITCP, a makodc mexHo.102is (hopMyeaHHs1 NepcoHANi308aAHO20 NPOMOKOAY
peaéianimayii gilickkogux 3 IITCP ma ypaxcennsamu I'M 0o038045€ cucmemamusysamu
poGomy my1bmueza.siy3eeoi 1iKyeambHoi KomaHdIu.

KnwyoBi cuoBa: nocmmpasmamuyHuil cmpecoguii po3.ad, pea6inimayis,
gilicbKkogi, nepcoHanizoeaHrull nioxia.

Beryn
Hocnimkenasm mpobieMaTHku 00HOBOI depenHo-Mo3koBoi TpaBmu (BUMT)
y IIOMY, 1 KOHTY3il TONOBHOIO MO3Ky 30KpeMa, 3aliManacs BelnKa Iuiesia
BITYM3HSHUX BYeHWX, a came: P. banuikoBa, B. B. bimommunekuii, JI. B. bymbka,
© Yepusak Bikrop, Byubka Jligia, MasioBunpka OsieHa,

Bysibaa Boaoaumup, Pukak BasnentuHs, 2024
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M. B. Uyxpaes, O. O. [IpeBiupka (bannikosa, Kaninkin, & Marnymescbkuii, 2016;
Binommipkuii ta iH., 2016; Byneka, & Uyxpaes, 2017; byubka, [peBinpka, &
Uyxpaes, 2017; Chukhraiev et al. 2017; UyxpaeB Ta iH., 2017; Uyxpaes Ta iH., 2022;
Butska, 2023, 2024; Butska et al., 2021; JIpeBinpka Ta iH., 2021; Chukhraev, 2019;
Bypnaka Ta iH., 2015) ta inmi. Cepex 3apyODKHMX BYEHHX BapTO 3a3HAUYUTH
M. M. Weightman, M. R. Scherer, L. E. Goldstein, R. D. Vanderploeg, L. Holm,
K. Meyer Ta iHmmXx, siKi BKa3yloTh Ha KJIIOYOBY poiib Pi3MUHOI Teparii B peabimiTamii
BiiCHKOBHX TTiCIISl TPaBM TOJIOBHOTO MO3KY.

3aciayroBye Ha yBary, Ha Hally AyMKY, PO3KPUTTS [IEBHHUX ACIEKTiB MaTOreHE3y,
KITIHIKHM, JIarHOCTHKH Ta JIKYBaHHS HACJIIKIB YepermHO-MO3KOBUX TpPAaBM,
OTPUMaHUX Yy BIMCBKOBHUH Yac, 1 COI[IaJbHO-TICUXOJIOTIYHOI peadimiTarii
BiliCHKOBOC/TYKOOBIIIB 13 paiioHiB BiiicbkoBux kKoHQUikTiE (bynbka, & Uyxpaes,
2017). Y BiTUM3HSHIA HaAyKOBiM JiTepaTypi MU MaeMo psJi (yHAaMeHTaIbHUX
BITYM3HSAHUX JOCIII/PKEHbB, 110 PO3BUBAIOTH TEOPI0 Ta MPAKTUKY (hi3UYHOI Teparii:
O. K. Mapuenko, B. M. Myxina, Baromux wMequunux mpans . IT. [opro,
B. A. €nidanosa, 1. B. Ulypmsk, JI. B. Bynpkoi, 1. 3. Camoctok, M. B. Uyxpaega.
3 iHmoro OOKy, IMIMOMHA 3ajadi HACTUIBKM BEJIHKa, IO 30epiraerbcst AeQiluT
JITEpaTypH, SKa JOKJIIHO Ta JOKA30BO JOCITIIKY€E METONUKA (Di3MUHOT Tepartil 11
MAIIEHTIB, 1[0 MAIOTh CUMIITOMATUKY KOHTY31i TOJIOBHOI'O MO3KY.

Takok y HaykoBili jirTepaTypi Opakye mpallb, SIKi CTOCYOTbCS 3aCTOCYBaHHS
HEMEIMKAMEHTO3HUX 3ac00iB 1 MeTofiB (i3uuHOi Teparmil JUis BiJHOBICHHS
HEHpOIIacTUUHUX (PYHKIIIH, JMHAMIYHOTO KOMIIOHEHTA MisJIbHOCTI, BIOCKOHAICHHS
MEBHUX KOMITETCHIIIH Y KOMOATaHTIB SIK By3bKOI KaTEropii MaIie€HTIB i3 crenu(iaHo0
MOTHUBAIli€}0 1, BiAOOBiAHO, cHenuiYHICTIO  BHOOpPY  peaduIiTaIiiHOro
iHCTpyMeHTapito (izumuHoi Tepamii. AJpKe IONIYK HOBUX aJTrOPHUTMIB, METOIIB,
CTBOPCHHS aJIGTEPHATHBHUX TEXHOJIOTIH I PO3POOKH W ONTHMI3aIlii KOMIUIEKCHOL
nporpaMu  (i3MYHOI Tepartii BIHCHKOBOCTY)KOOBIIIB, SIKI TIEPEHECTH KOHTY3iI0
TOJIOBHOTO MO3KY, € HAJA3BUYAHO aKTYaJIbHOO JIJIsl Cy4acHOI YKpaiHH.

Yxe moHaxm 20 pokiB iCHYe NPUHIWI MYIFTHMONAIHHOTO 3HEOONEHHA, a
MpoOJIEeMH JOCTAaTHBOTO 3HEOOJICHHS 3alIUINAIOTHECS HE BHPIMICHUMH. A KOJIH
MIXOMUTH IO 3HEOOJIEHHS MA0IOHHO, ONHI MAIliEHTH OTPUMAOTh HAAMIpHI T03H
3HEOONTFOBAIBHUX IPENapaTiB, MO MPU3BEIE 0 BHHUKHEHHS IMOOIYHUX e(eKTIB Bif
HUX, IHII TIAi€HTH OTPUMAIOTh HEAOCTAaTHE 3HEOONEHHS W MOXYTh MaTH
YCKJIaJHEHHS, TIOB'S3aHI 13 CHJIBHHM OoleM, a came: apuTMii, TpPOMOOTHYHI
YCKJIaJHEHHS, Tape3 KHUIIKIBHUKA, XpoHi3amito Oomo. Tomy HeoOXimHICTH
CTBOPEHHSI HAayKOBO-TIPAKTUYHUX pPeaOiTITAIfHUX HEHTPIB 13 BIATUICHHAMHA IS
JKyBaHHS TAIIEHTIB, II0 TOCTPaXKIalIH MiJ Jac pociiicekoi arpecii B YkpaiHi, €
npioputeTHo0. BilichbKoOBi, MO cTpaxkmaioTh Ha OomboBi cuHApomu Ta IITCP y
BiIiIeHHSIX pealumiTamii i TOTYIThCS IO MPOTE3YBaHHS YM IHIIHMX JIIKYBAJIBHUX
3axomiB, JUI  JOBTOCTPOKOBOI  amOynmaropHoi  peabumiTamii  moTpeOyroTh
ABTOMATH30BAHUX CHUCTEM  (DYHKIIOHAJIBHOI JIIATHOCTUKA Ta  alTOPUTMIB
(hOpMyBaHHS TIEPCOHAITI30BAHOTO MTPOTOKOMY JIIKYBAHHSI.

Mema pobomu pO3pOOUTH aBTOMATH30BAHY CHCTEMY TMEPCOHAII30BAHOIO
migxony 1o (opmyBaHHS IpoToKony peaOimitanii BificbkoBux i3 IITCP Ta
YpasKEHHSIMU TOJIOBHOTO MO3KY, 8 TAaKOX BiAMOBIIHUH alropuTM.
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3aedanns pobomu:

1. Jocnmigutu B3aeMo3B'si30k Mk cumnrtomamu [ITCP Ta cnekrpanibHOIO
mibpHICTIO enekrpoeHedanorpadii (EED).

2. Po3po0uTH anroput™M MOOYIOBH IIEPCOHATI30BAHOIO IMPOTOKOIY peaditiTarii
xBopux 13 posieamu [ITCP ta/abo ypaxennsmu ['M, BiamnosigHo 10 napamerpis EET.

3. BukoHatu KIiHIYHI criocTepeXeHHsI o0 e(eKTUBHOCTI peadiiTarlii XBopux
i3 mposiamu [ITCP ta/a6o ypaxenusimu ['M.

4. Po3po0uTH MEIMKO-TEXHIYHI BUMOTH JI0 TEPAllEBTUYHOrO MPHIIATY, IO €
YaCTUHOIO KOMILIEKCHOI MpOrpaMu JiarHOCTUKU Ta MEpCOHAIi30BaHOl peadimiTarii
BiIiCHKOBHX, YYaCHUKIB OOMOBHUX JIii.

5. 3ampornoHyBaTd MEIMKAMEHTO3HY MiJITPUMKY 3alpOIIOHOBAHOI CHUCTEMH
peabinitanii BilicekoBux i3 [ITCP Ta ypaxeHHsIMH TOJTOBHOTO MO3KY.

MeTtoau

Bin6ip nmarieHTiB MPOBOAMIM 32 O3HAKAMH IHTEHCUBHOTO OOILOBOTO CHHJIPOMY 1
MOPYIIEHHSIMU CHY, IO BianoBigae wmiHivHUM o3Hakam [ITCP. IlamieHtiB 3
ypakKeHHSIMH TOJIOBHOTO MO3KY BiJIOWpaH JJisl JOCHIJ)KEHHS SIK IIPOCIIEKTUBHO, TaK
1 perpocneKTHBHO. baraThboM i3 HHX TPOBOIWJIM OMNEPATUBHI BTPYYaHHS 3
BUJIAJICHHS YIIAMKIB PI3HOMaHITHUX po3MipiB 1 MaTepiasiB. OcoOIMBO BaKKo Oyio
BUSBUTH YJIaMKH 31 CKJIA, IUIACTHKY 1 JIepeBUHH. Y TaKMX BHMAJIKaxX IIe
3IIHCHIOBAIOCH 32 JIOTIOMOT'OI0 PO3POOJIEHOr0 aBTOpaMy iHHOBAIIIHHOTO MTPHCTPOIO.
Hacammepen po3pobieHa mporpaMa QiarHOCTHKHY Ta IIEPCOHAalIi30BaHOl peadimiTartii
BIMICHKOBHX, YUaCHUKIB OOHOBHX IIiii Ta OCI0, 10 MOCTPaXKIaIH Bl BINCHKOBHX it
B YKpaiHi, 13 CHMITOMAaTHKOIO YPa)X€Hb I'OJIOBHOTO MO3KY Ta IOCTTPaBMaTHYHUX
CTPECOBHX PO3JTAIiB METOAOM TPAaHCKpPaHIANBHOI JaTepabHOI MIKPOMMOIsIpHU3aItii
IMITyJIbCHUMH CTPyMaMH B TIO€AHAHHI 3 IHIYKIIHOIO HEHPOCTUMYIIAIIEIO 13
3aCTOCYBaHHSAM OiHAaypalbHUX PUTMIB, Iependadae TaKOK IMIATOTOBKY MEIUKO-
TEXHIYHUX BUMOT 0 PO3POOKM Ta BUIOTOBJICHHS OPHUIIHAJIBHOIO INpUIALy UL
MIPOBEICHHS peadimiTamii 03HaYeHUX BHUIIE TPYI MOCTPaKIAINX.

Y pobori Oymu 3acTocoBany po3poOIeHI HaMH MEIWKO-TEXHIYHI BHUMOTH 10
IHHOBAIIHHOTO TEPaNeBTUYHOrO Mpwiaay. BiH € JacTHHOIO KOMIDIEKCHOI MPOrpamu
JIarHOCTHKH Ta TIepCcoHaTi30BaHo1 peabimiTarii BiiChKOBHX, YIaCHUKIB OOHOBHX i Ta
0ci0, IO TMOCTPAXKTATM Bif BIHCHKOBHX Mili B YKpaiHi i3 CHMIITOMATHKOIO YpaXKeHb
TOJIOBHOIO MO3KYy Ta IOCTTpPaBMaTMYHUX CTPECOBHX  PO3IafiB  METOIOM
TpaHCKpaHiabHOT HelpocTumyisiii romoBHoro mo3ky (TKHCIM). Ilporpama i
MIPUCTPOI ISl TpaHCKpaHiabHOT HelpocTumydiii romoBHoro mMo3ky (TKHCI'M)
BKJIFOYAJIM:  EIEKTPOHCHPOCTUMYIAIIIO, IHAYKIIHHY HEHPOCTHUMYISIIO — KOpH
TOJIOBHOTO MO3KY, HEHPOAKyCTHIHY CTUMYJISAIIFO0 TOTIOBHOTO MO3KY, CBITJIO-IMITYJTbCHY
CTUMYJISIIIO 30POBUX aHAJI3aTOpPiB Ha OCHOBI 0araTopiBHEBOTO MYIBTH()AKTOPHOTO
migxoxy. Ilig Wac mpoBemeHHS NOCHiIKEHHs OyJl0 BHKOPHUCTAHO: (PYHKIIOHAIBHY
marsoctuky poborr Mo3ky (EEDY), mcmxomerpwdni TaOmuii Ta ONHUTYBaJHHUKU
ncuxonoriyHoro crady xsopux Ha IITCP. Sk mkepeno iMImylbCHOro CTpyMy MH
BUKOPHUCTAJIM amapar Jyisi eleKTpolikyBaHHA — Mozenb MIT-ED2 — nns BUKOHaHHS
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HEHpPO-aKyCTUYHOI CTUMYJISILIT TOIIOBHOTO MO3KY MALIEHTIB, 8 TAKOXK OYyJ10 BAKOPUCTAHO
amapar Jyisl MarHiToTeparii — komOiHoBanuii (Monens "TAPA").

OnHiero 3 HaWBKIMBINIMX CKIAJOBHUX YCIHIIIHOTO JIKyBaHHS Oyna 30aTHICTbH
3a0e3meuyBaT KOM(OPT Ta MCUXOJOTIYHUN CIIOKIM MaIli€HTIB, 0COOIMBO Tif| 4ac
HEMpUEMHUX  Oomounx  MeauyHux  mporedayp. ONTHMadbHAM — BBaXKaJH
BHKOPUCTAHHS TaKUX IHTaJSMIHHUX aHAJbICTHKIB, sgK: Merokcudaypan, 1o
JIO3BOJISIE KOMILICKCHO BIUTMBATH Ha OiNlb, SIKWM, OKPIM 3HHM)KCHHS PIiBHS 00O,
3MIHIOE CYO'€KTHBHE CIPUHHATTS OO0 MAalli€EHTOM 3aBASKA TPOTHTPHUBOKHOMY
edekry. I3 miero merow 3acrocoByBaid FOmepokc® I[Hranm — iHAMBiTyadbHUN
MPUCTPIH, 110 TPU3HAYCHUN JIJIS THTAAIINHOrO 3acTocyBaHHsS Merokcudiypany.
HosyBanus: 1 3HeOomoBanbHa jgo3a — | mmpur ob'emMom 2 mi. MakcuManbHa
n000Ba j103a — 6 MJI, aje He OuIbIe 15 MiT Ha THOKIIeHb. J[7s kpamoro e ekry nepes
ITOYaTKOM ITPOIEYPH TPOBOIMIIHU HTaNISIIF0 MeTOKCH(ITypaHOM IIPOTATOM S5 XB.

PesyabTaTn

Hocnimkerno B3aemo3B's30k Mk cumnromamud IITCP Ta croekrpaibHOO
mibHicTI0 EEL, 0c00MHBO 11€it 3B'S130K TPOCTEXKYBABCS Y MAIIEHTIB 3 TOPYIICHHSIM
cny. loeneno, mo STEP-UP ananresist — 1ie noBHUI KOHTpONb Hall OoeM pi3HOi
IHTEHCHBHOCTI. Y BUNAJKy CJa0Koro OONIO Bi3yaJbHOK aHAJIOTOBOIO MIKAJIOH
(BAII 1040 mM) Oymo 3acrocoBano: IH¢yaran — 1 c¢uiakon 4 pasu Ha J00y;
Keiinekc — 1 amnyna B/M, B/B 3 pasu Ha n00y. Y BuUMaaky OO0 CepeaHbOl
inTeHcuBHOCTI (BAII 40—70 MM) Oyro 3actocoBano: Iadynran — 1 durakon 4 pasu
Ha 100y; Ketinexkc — 1 ammnyna B/M, B/B 3 pa3u Ha n00y; Pominonr — 1 duakoH 3i
MIBUAKICTIO 6—16 MJ1/TO Uuepes eniaypanbHuii Katerep. Y BUMAIKY CHILHOIO OOJI0
(BAIII 70-100 mM) Oyimo 3acrocoBano: IHdyiaran — 1 c¢uaxkon 4 pa3u Ha m00Y;
Keiinexc — 1 ammyna B/M, B/B 3 pasu Ha 100y; Pominonr — 1 ¢uiakoH 3i MIBUAKICTIO
6—16 mu/ron depe3 enigypanbhuuii kKarerep; HanOydin — 1 ammyna 1-2 pasu Ha 100y.
Takox pexomeHzoBaHO 3acTocoByBatH IOmepokc® IHranm — iHgWBiAyaIbHUN
MIPHUCTPIH, M0 MPU3HAYSHH IS IHTANAIIHHOTO BBefieHHs Merokcudimypany. Takuit
METO/ aHaire3ii JO3BONAE NOCATHYTH aJeKBAaTHOTO 3HeOomeHHs mporiarom 30 xB
IIPOrHO30BAHOI HENPUEMHOI IIPOLIENYPH.

VY pesynbraTi BUKOHaHHSA poOOTH Oyno ampoOOBaHO 1 PEKOMEHIOBAaHO 0
BUKOPHCTAHHS:

* mporpamy peaOimiTariii BiiCPKOBHX Ta 0Ci0, IO MOCTpa)KJa BHACHTIIOK
BiICHKOBHX JIi#i 1 CTpaXkIalOTh Ha ypakeHHS TOJIOBHOTO MO3Ky Ta cuMiitomu [TTCP;

* TEXHOJNOTiF0 (QOpPMYBaHHS TIEPCOHANI30BAHOTO TMPOTOKONY peadiriramii
BilicbkoBHX i3 [ITCP Ta ypakeHHSIMH TOTOBHOTO MO3KY;

* MEIUKO-TEXHIYHI BHUMOTH JUIS CEPIMHOrO BHUPOOHWIITBA TNPWIANy IIONO
peaOinitanii BifickkoBux i3 IITCP Ta ypaxenusmu I'M, a Takox iHHOBaLilfHOTO
MIPUCTPOIO YIS TOIITYKY YJIaMKiB Y BOTHETIANBHIN paHi.

[TepeBaroto po3pobiieHoi nepconidikoBaHOi MPOrpaMu € 3HaYHE 3MEHIICHHS
BapToCTi, "acy peaOinmitanii BificbkoBux i3 mposiBamu [ITCP Ta/abo ypaxeHHsIMH
TOJIOBHOTO MO3KY. be3mneuHicTs mporeaypy TeparneBTHYHOrO BIUIMBY HA TOJOBHUM
MO30K TIAIlIEHTIB TapaHTYEThCS pPe3Y/IbTaTaMH BHUKOHAHHMX JOCITI/DKEHb, a TaKOX
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pO3po0Ka mporpaMu JiarHOCTUKH Ta MEPCOHATI30BaHOI peadimiTailii BiiiChKOBHX Ta
0ci0, 1110 MOCTpaXKaIH BiJl BIHCBKOBUX Jili B YKpaiHi, i3 CHMIITOMAaTUKOK YPaXKCHb
I'M ta I[ITCP meronom TKHCI'M Ha oCHOBI 6aratropiBHEBOrO MYJIbTU()AKTOPHOTO
MiXOMy JTaJd 3MOTY CTBOPUTH 3aMKHEHHUH LUK MPAaKTHYHOI peaiizamii cucreMu
peaGiniTamii. JlomaBaHHs JIO CTaHAAPTHUX AaHAJIBICTUKIB  IHTAJAIIIHOTO
HEHApKOTUYHOTO 3HEOOJEeHHS J03BOJSE€ IMOJNETIIUTH CTaH Tali€HTa Ta Jae
MOXKITUBICTh MPOBECTH MPOLEAYPY MaKCUMAIBHO SIKICHO 1 MBHUIKO, 3 KOM(POPTOM
UL JTIKaps Ta MalieHTa. 3aBIsKd poOOTI MYIBTHTATY3€BOI KOMaHIH, WICHOM SKO1 €
IOPHCT, IO CIIEMiai3yeThesl HAa MPABOBUX MMUTAHHAX BUKOPUCTAHHS IHTEIEKTYaIbHO1
BJIACHOCTI, YCI MpaBOBi MUTaHHS OyJ10 0OrOBOPEHO Ta BUPILNICHO 3a3/aJIerib, 10
3HAYHO OOJIErIIye BTUICHHS MPOrPaMHOIO KOMILJIEKCY Ta HOro ampoOario sk B
VYkpaiHi, TaK i 32 KOpJIOHOM.

Juckycist i BHCHOBKH

1. HoBocTBOpeHmii  mpHCTpiii Ui TpaHCKpaHialbHOI  HEHPOCTHUMYJISIIiT
TOJIOBHOTO MO3KY Ha OCHOBI 0araTopiBHEBOro MYNbTH()AKTOPHOIO MIIXOAY Ja€
3MOI'y CTBOPUTH 3aMKHEHUH UK pealdiTiTallii, a IpUCTPii sl BUSBICHHS YIaMKiB
y paHi CIpHsE MBUIIMIOMY TOBEPHEHHIO (hi3UYHOIO 30POB'S MalliEHTaM.

2. 3uebonenns 3 sBukopuctanHsiM STEP-UP ananresii 3a piBaem 0omto 3a BAIILI
JI03BOJISIE IHAMBIAYaIBHO MIAXOAUTH J0 KOKHOTO ITalli€HTa.

3. JlonaBaHHs 10 CTaHAAPTHUX aHAJbICTHKIB IHTAIALIHNHOIO HEHAPKOTUYHOIO
3HEOONEHHS JTO3BOJISIE TIONETTIUTH CTaH MAlli€HTa Ta Ja€ MOXKIUBICTh MPOBECTH
MPOLIEAYPY MaKCUMAJIBHO SIKICHO 1 IIBHIKO, 3 KOM(MOPTOM IS JIIKapsl Ta MaI(ieHTa.

4. Po3pobiena mporpama pealimiramii BIHCEKOBHX Ta 0OCIO, IO MOCTPaKIaIH
BHACNIJIOK BIMCHKOBUX i 1 CTPaXIalOTh Ha YpaKCHHS TOJOBHOTO MO3KY Ta
cumnromu ITTCP, a Takoxk TexHOIOTIs (hOpMYyBaHHS IIEPCOHATI30BAHOTO IIPOTOKOITY
peabimirarii BiiicbkoBux 3 I[ITCP Ta ypaXeHHSIMH TOIIOBHOTO MO3KY, JO3BOJISIIOTH
CHCTeMaTH3yBaTH POOOTY MYIIBTHTaTy3€BOI JIIKyBaIbHOI KOMAH/IH.

Buecok aBTopiB: Bikrop UepHsk — KOHLEMIS Ta JU3aiH JOCITIIKEHHs, 30ip Ta aHaji3 YaCTHHH
JTepaTypHUX JDKEpell, ONpAaIfOBaHHs TEKCTy CTAaTTi, KIHIEBUIl BapiaHT TEKCTY, aHali3 MarepiajiB
JOCIIIDKEHHS, MiATOTOBKA CTATTi 10 JIPYyKY, (OpMYIIOBaHHs 3aBJaHb, METH, BHCHOBKIB, METOIIB
JOCJIIJUKSHHSI, HAaITMCaHHsI aHOTallii, po3po0ka cucreMu 3HeOOIEHHs Ta IOPTAaTHBHOTO 1HHOBALIIHOTO
MPUCTPOIO JUIS BHSBICHHS YIaMKiB y BorHemanbHiid pani; Jlimis Bynbka — au3aiiH i KOHIEMIIis
JOCTi/KeHHs, 30ip MarepiajiB, IiJrOTOBKA YOPHOBOIO Ta KIHIIEBOrO BapiaHTa TEKCTY, aHai3
orpuMaHux pe3ynbrariB; OneHa MsuioBuibka — 30ip Ta aHali3 YaCTUHU JHTEPaTYpHHUX JDKEPE,
(dbopmaryBaHHsI TEKCTy CTaTTi, OGOPMIICHHS Ta MiJrOTOBKA CTAaTTi IO APYKY, 3arajbHa Kypallis;
Bonogumup Bynbia — 36ip Ta aHanmi3 4acTUHM JiTEpaTypHHUX [PKEPEIt, PABOBa KOHCY/IBTALlsS, y4acTh B
aHaji3l MarepiaiiB JOCHTIPKeHHS, (OPMYITIOBAHHI OCHOBHHX IMOJIOKeHb POOOTH, METH, 3aBIaHb,
BHCHOBKIB, PeIaKTyBaHHs aHOTaLil; Banentun Prkak — 30ip Ta aHai3 YaCTHHU JIITEpaTypHHUX JDKEpEl,
3arajibHa Kypailis, FOPHIUIHUHA CyIPOBI/I.

Moasiku, nekepena ¢inancyBanHs. lle mocmikeHHS MPOBEAEHO B paMKax TIpaHTa Bif

H®/I Ykpainu, ane 6e3 ¢piHaHCOBOI MiATPUMKH B JepKaBHOMY, KOMEPIIHHOMY a00 HEKOMEPIIiiTHOM Y
CEKTOpax.
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APPLICATION OF A PERSONALIZED APPROACH
TO THE FORMATION OF THE REHABILITATION PROTOCOL
FOR MILITARY PEOPLE WITH PTSD AND BRAIN INJURIES

Introduction. The work is devoted to the problems of post-traumatic stress
disorder (PTSD) in soldiers with brain lesions by applying a personalized approach to the
formation of their rehabilitation protocol.

Methods. At the same time, an analysis of clinical observation protocols was applied
regarding the effectiveness of rehabilitation of patients with PTSD and/or brain lesions (BM).

Results. Medical and technical requirements were developed for a therapeutic device
that was part of a comprehensive program of diagnostics and personalized rehabilitation of
military personnel, participants in hostilities.

Conclusions. The developed rehabilitation program for military personnel and
persons injured as a result of military operations and suffering from brain damage and
symptoms of PTSD, as well as the technology for forming a personalized rehabilitation
protocol for military personnel with PTSD and brain damage, allows for the systematization
of the work of a multidisciplinary treatment team.

Keywords: post-traumatic stress disorder, rehabilitation, military, personalized
approach.
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3AKOH 3BEPEXXEHHA MACH
B METO/I TIO3UTPOHHOI EMICITHOI TOMOTPA®I|

IIpe3zenmayito npucesiueHo akmyaabHill npo6aemi meduuHoi pi3uKu, sKa nog’s13aHa i3
30KOHOM 36epejiCeHHs1 Macu 6 Cy4acHoMy OJiazHOCMuUYHOMY Memodi no3umpoHHOI
emiciiinoi momoezpadpii (IIET). TeopemuuHa ocHosa memody IIET 6a3zyemuvcs Ha seuwi
aHizeinsayii enekmpoHa I no3umpoHa 3 YMEOPEHHAM 080X 2amMMda-KeaHmis, moémo
gomoHie KOpOMKOX8U 1608020 e/1eKMPOMAZHIMHO20 BUNPOMIHIOBAHHS 2amMMa-diana3oHy.
IIpo6ema nossizae 8 momy, ujo e1eKMpOoH i NO3UMpPOH Maiomsv 8i0MIHHY 8i0 HY/151 cymMapHy
Macy cnokorw, modi sik oomoH npedcmassie co60i0 eqAeMeHMAapHy YacmuHKy, y sKoi
gidcymHs maca. Tomy 8uUHUKAe npupodHe numaHHs, 4u OilicHO cnocmepizaemuvcs
nopyuieHHsi 3aK0Hy 36epedxceHHs1 Macu 6 npoyeci aHicinayii esekmpoHa i no3umpoHa 8
00HOMY 3 OCHOBHUX diacHocmuy4Hux memodie IET, AKuill WUPOKO SUKOPUCMOBYEMbCA 8
MeduuHill npakmuyi nopsad 3 makumu iHWUmMu OdidzZHOCMUYHUMU Memodamu, SK
MazHimHa pe3oHaHcHa momozpadisa (MPT) ma komn'tomepHa momoepadpis (KT)?
IlposedeHe meopemuuHe docnidlceHH HAdAe NOCAi008HY mMa HAYKOB0 06T2pyHMO8aHy
8idnoeiov Ha ye npuHyunose NUMAaHHA.

KnwuyoBi ciaoBa: nozumpoHHa emiciiina momozpadpia (IIET); npoyec anizinayii
e/leKmpoHa ma no3umpoHa; epaHuyi 3acmocyeaHHs ¢opmyau Elinwmeiina E =mc?;
peasimugicmcoka hopmyna 045 383Ky eHepeii, macu ma imnyascy; popmyaa daa macu
080¢HoMOHHO020 KOMNIEKCY; 3aKOH 36epexceHHs1 macu 8 Memodi IIET.

Beryn

VY 1iit mpe3eHTalii po3naaaoThCs Pi3MYHI OCHOBH Cy4aCcHOTO IarHOCTUYHOTO 1
JKyBaJIbHOTO METOXY MO3UTPOHHOI eMmiciitHoi Tomorpadii (IIET) 3 aknentom Ha
BaYKJIMBY MPOOIIEMY, TIOB'A3aHY i3 3aKOHOM 30epeKeHHsI MacH YaCTHHOK, 5Ki OepyTh

ydJacTh Ha Bcix eramax peamizamii Merony IIET. ¥ mocsrrenHi i€l metu aBTopu
© Yanuii Onexcanjp, I'punenko Haranisa, Kpumrona AnbGiHa,

Maprosmmy IpuHa, Xpaniituyk l'aymna, 2024
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CTaBIATH Mepen CO00I0 JOCHTh CKIagHE 3aBIaHHS — 30eperTH, Mo MOXKIIMBOCTI,
neBHy (i3MYHYy CTPOricTh BHKJIAAy, MIHIMI3ylO4M TpPH LBOMY KUIBbKICTh
BukopucTanux gopmyn. Sk mucas Crisen Xokinr y kausi (Hawking, 1988, p. 272):
"MeHi ckazaiu, o KoKHa (GopMyia B KHU31 YABi4i 3MEHIIYE KUIBbKICTh MOKYIIIIIB.
Toni s BupimmB B3aram ob0ilTHcs 0e3 ¢opmyn. lonpasaa, BpemTi s Bce-Taku
HaMMCaB OJlHE PIBHAHHS — 3HAMEHHTE piBHAHHSA Eifnireitna £ = mc’. Croaisarocs,
1I¢ HE BiJUIAKA€E MTOJIOBUHY MOIX IMOTCHIIIHHUX YuTadiB".

Mu 30upaeMocsi Hanucatd Tpoxu Outbmie Gopmyn. OmHa i3 HUX — Ta cama
¢dopmyna Eitnmreiina, sxy 3ragyBas CriBeH Xokinr. [Ipore OymyTs BkazaHi CyTTEBI
yMOBH (TpaHuIli) 3acTocyBaHHS 1€l popmynu. OkpiM Toro, OyJie BUKOPUCTaHA IIIe
OflHA pENSATHBICTChbKA (OpMyNa, sKa BpaxoByE TMOCTIIOBHO eQekTH Teopii
BITHOCHOCTI Ta €, Oe3yMOBHO, OUIbII BaXJIUBOIW, HiX (opmyna ElHmreitna
E = mc*. TIpuumHOI0 T 1IbOTO TBEPKEHHS € Toi (akT, mo Gopmyna Einimreiina
BUIUIMBAE 13 i€l PENSITUBICTCHKOI (POpMYIH JIMIIE 3a MEBHHUX CIEIialbHIX YMOB.
Hekinpka iHmMUX Qopmyn, ski OyayTh BUKOPUCTaHI B I Tpe3eHTaIllil,
MPE/ICTABISIOTH COOOK0 HACTIIKU BKa3aHOI pensTHUBICTCHKOI popmymu. Came i
octaHHI (GOpMYIH JaayTh MOXKJIHMBICTH 3HAWTH BIIMIHHY BiJg HyJIs Macy
JNBO(GOTOHHOTO KOMIUIEKCY 3 aHTHUIMApalielbHUMU BEKTOpaMH IMITYJIbCIB ramMMa-
KBaHTIB, SKI BUHHUKAIOTh Yy pe3ylbTaTi aHiriuisflii elekTpoHa 1 MO3MTpOHA Ta
BIJIIIOBIIaJIbHI 3a 3aK0H 30epexenHs macu B meroi [IET.

Di3uynuii npunuyun memooy IIET ma ocobnueocmi iiozo 3acmocy8amtsi.
OcCHOBHUM (i3UYHUM TPUHITATIOM, IO JIGKUTH B ocHOBI Merony IIET, € mporec
AHITUTAII]  eeKTpoHa 1 TOo3WTpoHa (IHIMMMHM CIIOBAaMH, pPEaKIlisl B3a€EMHOTO
3HUKHEHHS MaTepii Ta aHTUMAaTepii) 3 YTBOPEHHSIM ABOX (DOTOHIB, SKi € KBAaHTAMU
BHICOKOJACTOTHOTO €JIEKTPOMArHiTHOTO TOJIS B Jlialla30HI raMMa-BUIIPOMIHIOBAHHS
(Hanuii ta iH., 2001). O6roBopumo nesiki 0co0IUBOCTI 3acTocyBaHHs Merony I1IET
y BigmieHHi menuuHoi (hizuku YHiBepcurery Bickoncin-Menicon (CIIA). Ha roit
gac, OnMm3pKo 25 pokiB ToMy, 1€ BiaaiieHHs odomtoBaB npodecop [lonm Hemyka, a
omuH 3 aptopiB miei crarti (O.Y.) BUKOHYBaB CBilf JOCHIJHUIBKANA TPOEKT SK
npodecop-iepeMokertb  OCBiTHROI [IporpamMu  akagemidHUX OOMIHIB  iMeEHI
Jx. Binpsima @ynOpatita. [lomatkoBy iH(oOpMamio MIOM0 pPE3yAbTaTiB HAIINX
CHITBHUX nociikersb MokHa 3HaiTH B (Chalyi, & Deluka, 1999).

VY crnenianbHUX €KCHEPUMEHTANbHUX NPUCTPOSX, NPU3HAYEHUX U BHUBUCHHS
SIIEPHUX peakmid (MPUKIAZOM TaKOTO TMPHCTPOI0 € IUKIOTPOH), CTBOPIOIOTHCS
JOCUTh KOPOTKOXKMBYYi 130TONMH 3 TEpiofioM MiBpo3nany 771, MOPSAKY AEKUTBKOX
XBWIMH a0o npecatkiB xBunwH (Cameron, & Skofronik, 1978; Chalyi, 2020;
Bushberg, & Seibert, 2022). 3a3Bn4aii BAKOPUCTOBYIOTH 130TOIH JIETKUX €IEMEHTIB
apyroro mepiomy Tabmuii MeH/eneeBa, HampUKIaj, i30Tomu Byriemo '.C i3
nepionomM misposmany 7Ti»-20,4xB, asory 3N i3 mepiomoM miBposmamy
Ti2=9,96 xB, xuch0 ‘30 i3 mepiogom miBposmaxy Ti2=2,04 xB, ¢propy SF i3
niepiomom miBpo3snany 71,= 109,8 xB. Sapa i30TONIB TaKMX €IEMEHTIB CKIIaIAal0ThCS
MPUOIM3HO 3 OMHAKOBOI KUTBKOCTI MPOTOHIB 1 HEUTPOHIB, IPUYOMY B PE3yIbTaTi
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MEepEeTBOPEHHSI POTOHA HAa HEMTPOH y HUX BiOYBA€ThCsl CHOHTaHHUH OeTa-po3nan
3 YTBOPEHHSAM MO3UTPOHIB.

Hani mpenapaT, IO MICTHUTH TO3UTPOHHO-aKTHBHI 130TOMM, $IKi IITYYHO
BHUPOOIAIOTHCS Ha IUKIIOTPOHI, IIBUAKO JOCTABIISIOTHCS, HAPUKIA, Y BILALICHHS
pajiamiiiHOl OHKOJIOTii Ta BBOAATHCA maiieHTaMm. Ilpu 1bOMY BifgOyBaeThCs
AHITUIAIIS YaCTUHOK aHTUMAaTepii, SKUMU € MO3UTPOHHM, MiJ Yac iX B3aeMomil 3
CIICKTPOHAMH, SIKI 3aBXJM MICTATHCS B Tl JIIOAWHU, OCKUIBKA MU YKUBEMO B
MarepiaTbHOMY (a HE B aHTHMaTepiabHOMY!) CBITi. Y pe3ynbTari peakiii aHirimsmii
KO)KHOI €JIEKTPOH-TIO3UTPOHHOI Mapy BUHUKAKOTHh 3a3BUYail JBa raMMa-KBaHTU
(poToHM), sAKI PO3IITAIOTBCS B TMPOTHIICKHI HAMpPSIMKH BiJIOBIIHO 10 3aKOHY
30epeKeHHsT IMITYJIbCY. 3aBISKH 1HIIOMY (PyHIaMEHTAIBLHOMY 3aKOHY MPHPOIH,
SIKUM € 3aKOH 30epeKeHHs €Heprii, IOBHA EHEpris eJICKTPOHAa 1 IMO3UTPOHA
MEepETBOPIOETHCA Ha eHepTito [BoX QoToHiB. [Ipy boMy eHeprist KOKHOro (OToHa
(raMMa-KBAaHTa) BHUSABIAETHCA Takowo, mo jopisHIOE 8,18'107' k. 3asmaueni
0COOJIMBOCTI  JIO3BOJIIFOTh BUKOPUCTOBYBAaTH  CIIEIiajbHy cXeMy 30iriB Ta
KOMIT'FOTEpPHI MPOrpaMu JIIsl peecTpariii 1ux (GOTOHIB 3 MOJAIBIIOI0 Bi3yali3allieo
Ta aHaJII30M OTPUMAHUX 300paKeHb.

Crin 3a3HaunTy, Mo Qropaesokcinmokoza (To6To i3oton dropy '8F i3 mepiomom
niBposnagy Tip=109,8 xB; pagioakruBauii iHguKatop — ¢rop-18, FDG — PET)
3HAXOAWTh WIMPOKE 3acTOCyBaHHS y BukopucranHi merony [IET y panmiamiiiHii
MEIWITMHI Yepe3 CBOi HAHOUTBII (cepen IMepepaxoBaHWX BHINIE) 3HAYCHHS IEPIiOTy
miBposnaxy 71, Ta HAWMEHII 3HAYEHHS MTOITTMHEHOI 1 eKBIBAJIGHTHOI /103 10HI3yI0UO0TO
BHIIPOMiHEHHs. SIK BiZoMO, UMM OuLTbINE Tiepion MiBpo3mamxy 71, pPaliOaKTUBHOTO
130TOITYy (PamioOHYKIIITY), THM MEHIIA KUTbKICTh paIiOaKTHBHHUX PO3MAJIIB 332 OXUHHUITIO
9acy 1 BIIIOBITHO TIOTY)KHOCTI IMTOTTMHEHOT Ta eKBiBaJIeHTHOI 103. ITormyk e eKTHBHUX
panmiodapMarieBTHYHAX TIperapariB, IO MiHIMI3YIOTh JO30BI HABaHTAKEHHS Ha
TaIfieHTa, OyB 1 3aJTHIIIAE€THCS aKTyaTbHOIO TTpodiieMoro BukoprctanHs merorny [IET mst
JIAarHOCTHKH Ta JIKyBaHHS 3MOAKICHUX MyXJIMH, a TaKO)K BHUBUEHHS OCOOIMBOCTEH
(hi3107OT1YHIX MIPOIIECIB Y MO3KY Ta IHIIINX OpTraHax JIFOIUHH.

3nauennsn 3azanbHoi npodnemu macu ma memoou it po3e'azanHs. 3Ma€ThCS HA
MepIIMil MO, IO 3aKoH 30epekeHHs Mach B miarHoctuaHoMmy Mertomi IIET
MIPECTaBIsI€ COOOI TOCUTHh BY3bKYy TEOPETHUYHY TMpOOIeMy MEIU4YHOI (i3UKH.
Hacrmpagni finerbest ipo HaA3BUYAKHY 32 CBOEIO CKITAIHICTIO PyHIaMEeHTaIbHY HAyKOBY
mpoOneMy Macd B HAHOUTBII IMMPOKOMY CEHCi, SIKa Mae BH3HAYaJ bHE HAyKOBO-
METOJIMYHE 3HAUSHHS HE TUTKHU YIS MEMU4YHOI (Pi3VKH, ane i BeIHWKe CBITOINISIHE Ta
3arajpHO-(inocodchke 3HAYEHHS TS )KUBOI 1 HEKHBOI IPUPOIH B IITOMY.

BinmoBine Ha dyHIaMeHTa bHE MHUTAHHS MIOAO0 MPHPOTM MacH Ta €Heprii y
BcecBiTi (BKITIOUarOMM TakoK 1 TEOpETHUHY IMpoOiieMy 30epeXeHHS Macu B
niarnoctuuHomy metoai IIET) morpeOye BUKOpUCTaHHS METOAIB JOCTIKEHb Ta
OCHOBHHX TOJIO)KEHb TaKUX PO3ALTIB (1)13I/IKI/I SK CIieliajbHa 1 3aranbHa Teopis
BIJTHOCHOCTI, HEPEISATUBICTChKA Ta PEISTHBICTChKAa KBAHTOBA MEXaHiKa, KBAHTOBA
Teopis Mo, acTpodizuka, KOCMOJOTIS.
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Mexci 3acmocysanna opmynu Einwmeina E =mc*. Bpaxaerbcs, 110

Briepie Ans0epT ERHINTENHH OTprMaB CBOIO 3HAMEHUTY (OPMYITY

E = mc?, (1)
SIKY YaCTO Ha3WMBAaIOTh 3aKOHOM C€KBIBaJICHTHOCTI eHeprii £ Ta mMacu m, y 1905 p. y
crarti (Einstein, 1905). Camoi ¢popmynm (1) y wiit crarti He Oylo HaBeneHo, aie
Oymu HamucaHi Taki ClIOBa, sIKi B YKpaiHCBKOMY Tepekiaai Ta 3i 30epexeHHsIM
OpHUTiHAJIBHUX MO3HAYCHb IOBHICTIO BimmosimaroTh ¢Gopmyri (1): "Maca Tina €
MIpOIO eHeprii, sIka MiCTUTHCSI B HbOMY; SIKIL[O €HEPTisl 3MIHIOETHCS Ha BETHYHHY L,
TO Maca 3MiHIOEThCA BiATOBinHO Ha Bemwummy L /9°10%) mpudomy TyT emepris
BHUMIPIOETBCA B €prax, a Maca — y rpaMax". 3a3Ha4uMo, 110 B Ti POKH MOMYIISPHOO
CHUCTEMOIO OJIMHUIb, KO KopucTyBaBcs EitHinreiin, Oyna cucrema CI'CE, y skii
JUIsl OMMHUIb JOBKHHH, MAcH, 4acy Ta €Heprii BHKOPHCTOBYBAIUCS CAHTHMETD,
rpaMm, CeKyHJa Ta epr, BianoBijHO. ToMy B HaBeleHOMY (OPMYITIOBaHHI 3aKOHY
EKBIBAJIGHTHOCTI eHeprii Ta Macu AnbOept EfHIITEHH BUKOpPUCTAB ISl MIBUAKOCTI
cBiTIa ¢ y Bakyymi 3Hauenns ¢ = 3:10' cm/c.

Penamugicmcoka gpopmyna ons 36'a3ky mixc enepziero, macoro ma iMnyibcom
mina. Hamam OyaeMO roBOPUTH PO HAWBAXIIMBIIIY, Ha HAIly IyMKY, GOpMyi1y
cremiaabHoi Teopii BimHocHOCTI (CTB), sika onucye 3B'130K MiXk eHepriero £, Macoro
m Ta IMITyIIbCOM P TiNla, SIKE PyXaeThes 31 mBHAKICTIO U. 1lg hopMyna Mae BHIIIs L

E? =m?c* + p2c?. ()
Busenenns popmynu (2) moxxHa 3HaiiTu B kaurax (Landau, & Lifshits, 1971; 1976)
KIacH4Horo Kypcy teopernynoi ¢izuku JI.JI. Jlammay 1 € M. Jlibtmmns. dyxke
BHpa3HUM IIO/I0 IBOTO € pHC. 1, Ha SKOMY 300pa’keHO, SIK BETUKWH ITamiiChKuil
¢izuk Enpiko ®epmi (1901-1954) Bkazye came Ha (opmyny, IO MOBHICTIO
CKBIBAJICHTHA PEISITUBICTCHKIN Qopmyi (2). 3a3HaueHa Gopmyna (2), 6e3 cyMHIBY,
BaXKITHBIIIA 3a OLTBI BifjoMy (opmyny Elnmrreiina (1) amns 3B's13Ky eHeprii Ta Macu.
O4eBHIHOI0 TPUYMHOIO MTPABMIIBHOCTI TAKOTO TBEPIHKEHHS € TOH (hakT, 1o GpopMyra
(1) € yacTHHHUM BUTIAJTKOM STK GopMyITH (2), Tak 1 TOTOXHOT 10 (2) hopmynu, Ha SKY
BKa3ye Enpiko ®epwmi.

Puc. 1. El-lpil(-O ®epwmi, 1aypear HoeJlchmc'l' npeMii 3 gizuxn 3a 1938 pik,
JAeMOHCTpYE dopmy.Jy (2)
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Hiticao, popmyna Eitnmreiina (1) orpumyetscest i3 dopmynn (2) TUBKY 32 YMOBH,
Koy imMmnynbe Tina p = 0. e o3Hayae, M0 MAEMO TaKWi NMPUHIUIIOBUI BUCHOBOK:
snamenuma opmyna Anvoepma Eiinwmeina E =mc® xapakmepusye 36'a30K
enepeii cnokoro mina E ma macu cnokoro m. 3a BiJICYyTHOCTI CTaHy CIIOKOIO 3B'SI30K
MiX eHepriero E, Macoro m Ta IMIyIbCOM P ONHUCYeThes He BupasoM (1), a Gimb
3araJibHOIO (hopMysnoro (2) mIs Tina, Mo PyXa€eThCs 1 MA€ BIAMIHHUKA BT HYJISI IMITYJIBC.

Cuij1 3a3HaYUTH, 1110 HISKOT IHIIIOT MacH, HiXK Maca CIIOKOI0, HEe TIOBHHHO ICHYBaTH.
Takok XHOHMM € TIOHSTTS TaK 3BaHOI PENATUBICTCHKOI MAacH Mpen, K4 aHOMAJIBHO
3pocTae 3 HAOMMKEHHSAM MIBUAKOCTI U Tina (€IeMEHTapHOi YAaCTUHKH) 110
MIBUAKOCTI CBITJIA ¢ BiJIIOBIHO 70 (hOPMYITH

m

Mpes= s 3)

Hacnpasni, BianoBigaHo 10 nepersopens ['enapika Jlopenna (Lorentz et al., 1935)
AHOMAJILHO 30LIBIIYIOTECS MOBHA eHepris £ Ta iMIylIbC P Tila, IO PyXaeThCs 3
BEJIMKOIO IIBUJKICTIO, TOMI SK Maca Tila m 3aJMIIAETHLCS HE3MIHHOK 1 JOPIBHIOE
Maci criokoro. [ToBHa enepris £ y CTB Bu3HauaeThcs HACTYIMHOK (POPMYIIOH, SIKY

orpumaB Anbbept EitHmTeiin:
2

E-__mc” . 4)
V1-v?/c?
[Mosiea ¢opmynu (3) I pPeNSITUBICTCHKOI MacH IOB'A3aHa 31 IMITYYHAM

00'€/IHAHHAM Y YaCTKy MAcCH CIIOKOKO /71 B YHCEIBHUKY Ta BEIMYMHU /1 — v2/c? y
3HaMeHHUKy (Gopmymu (4). s Ttakoro o0'eqHAaHHS BIACYTHI OyIb-sKi PO3yMHI

. Y [ 2.2 )
mjacraBu. JIificHO, mosBa MHOMKHHKA 1-v°lc € TpSIMHM HACTIIKOM

YJOTHPUBUMIPHOTO IIepeTBOpeHHs JIopeHIa U1 KOOpANHAT X, ¥, z 1 Yacy #, a TAKOXK
AHAJIONTYHOrO TIEPETBOPEHHS Il YOTUPUBUMIPHOIO BEKTOpA IMITYIIbCY P Ta eHeprii
E. ®opmyna (3) mis pensTUBICTCHKOI MAcH Mipe; CYNIEPEYHTH BUMOTAM JIOPEHII-
iHBapiaHTHOCTI (TOOTO HE3MIHHOCTI TpH TIepeTBOpPeHHSX JlopeHIla BHACTIIOK
Tepexoy BiJ OMHOI iHepIiampHOI cuctemu A0 iHmmoi). Ls dhopmyma nemoHCTpyE
abCONTIOTHO TIPOTHIIEKHE, a caMe: 3MiHy Macd IIiJ] Yac Mepexofy Bil OTHOi
iHepIiaabHOI cucTeMu A0 iHmoi. SIk Oymo Bxe 3a3Ha4eHO0, Maca Tila BHACIIIOK
reperBopeHs JIopeHa 3aimImaeTsesl PIBHOIO Maci CIIOKOIO, TOOTO € CKaIIpHUM
iHBapiaHTOM Y TIPOIIEC] X TIEPETBOPEHb.

Cripx 3a3HaunTH, Mo AnpOepT EAHINTEHH y CBOIX mpamsx mpo 3B'I30K eHeprii £
Ta MacH m He BUKOPUCTOBYBaB popmyimy (2). Lle TBepmKeHHS, K 1 BACHOBOK IIIO0
cnpaBemuBocTi popmynu Eitamreiina (1), nuime 1 craHy CIIOKOIO, CKopime 3a
Bce BHepIre BUCIOBUB aBTop cTtarti (Okun, 1989, p. 31) (muB. Takok BiAMOBiAHI
TIOCHJIAHHS B I OTIIAIOBIN MyOiKallii).

Maca 0eoghomonnozo Komnnexcy, 3aKoH 30eperceHns macu 6 0iazZHOCIUYHOMY
memooi IIET. Baxxmiea nipoGiieMa BU3HaYeHHS MAacH CHCTEMH JTBOX (DOTOHIB 32 YMOBH
BiZICYyTHOCT1 MaCH CIIOKOFO Y KOXKHOTO 13 ITX (DOTOHIB OyIia JOCIiHKeHa aBTOpaMH CTaTTi
(Gabovych, AM., & Gabovych, N., 2007, p. 649). 3acrocyBaHHs mpoOieMH MacH
IBO(hOTOHHOTO KOMITIEKCY 110 AiarHoctuuHoro merony IIET Gyno posmouaro y crarri
(Yamuii, & [purnenxo, 2012, p. 43—46) i npogoBKeHO B 1il Mpe3eHTaIlil.
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Bepyun 1o yBaru yMoBH aJJUTUBHOCTI €HEpril Ta IMITYJIBCIB JUIs CUCTEMHU 13 JBOX
(OTOHIB, penATUBICTCEKY (GopMyny (2) Aas MacH CHOKOI mj2 JBO(OTOHHOTO
KOMILJIEKCY MOYKHA MTPEICTAaBUTH 32 JOIIOMOTOI0 TaKoi (POpMYIIH:

My = J<E1 + Ep)?/ct — (p, + p,)2/c?. 5)

PosrnsitHeMo nepuituii 6unadox, Konv BEKTOPU PI3HHUX 32 BEIMYMHOIO IMITYIILCIB
060X (hOTOHIB mapajenbHi, TOOTO CIPaBEMIUBI Taki GOPMYIH: Py = P11y, Pp =
DM, IPUYOMY OJMHHMYHI BEKTOPH 71, i 15, SKi 3aJa10Th HAPIMOK PyXy (OTOHIB,
napasenbHi Mix co60r0, T06TO 11; = 71, = 7. Tomi, Ha mixcrasi 38'a3ky E = ¢|p| mixk
SHEpri€l0 Ta MOAYIEM IMIyIbCy (OTOHA, MAEMO TaKHH Pe3yibTaT AJsl KBajpara
CYMH IMITYJIbCIB BOX (DOTOHIB B IpyroMy aojaHkKy Gopmymu (5):

By + P2)° " (E1 + E2)?/c?. (6)
3BiIcH BUIUTMBAE, WO JAPYTUM BiI'€MHHN JONAHOK TOYHO JIOPIBHIOE IEPIIOMY
JIONATHOMY JIONIAHKY T/l KBapaTHUM KopeHeM ¢dopmyin (5). YV pe3yasrari MaeMo
TaKkui BUCHOBOK: 3d YMO6U RAPAIENbHOCHI 6eKMOpie iMnynbcie 0600x homonis
GiocymHs He MIJIbKU MACA CROKOI0 KOMCHOZ0 OKPeMozo homoHna, anie 6ioCymus i
MaAca CHOKOI0 6Cb020 060(homonHo20 Komnaekcy (m;=0).

[epetinemo 10 po3mIsALy Opyzo2o eéunaoky, Koiu jaBa (JOTOHM MArOTh Pi3HI 3a
MopyneM, alie (Ha BLIMIHY BiJI IIEPIIOro BHUIAJKY) aHTHIAPANIENbHI 32 HAIPSIMKOM
BEKTOPHM IMITYJIbCiB, TOOTO 71; = —M,. VY pe3ynsTaTi, BpPaxOByIOUH JOIATKOBi
CITIBBIJHOIIIEHHS, MAEMO

P1 = p11ti= (EVO)y, Py = paiiy= (E2/c)iiy=
=—(BJoyy, (1 +P2)'= (E1 — E3)?/c?, (7)
dhopmyma (5) s Macu 7BOPOTOHHOTO KOMIUIEKCY HaOyBa€e BUTIISTY
my2= 2\/E1E2/c2. ()

Bupas (8) mae Bci mifcTaBH CTBEPIIKYBATH: y GUHAOKY, KOAU 084 (homoHu
Marwomb pi3Hi 3a MOOyiem | aHmunapanenvli 3a HANPAMKOM 6eKmMOpPU IMRY1bCI8,
Mmaca mMqy 6iOMIHHA 610 HYNA.

I mapemTi, po3risHEMO mpemiil 6unadoK, SKAW caMme 1 peami3yeTbcsa B
TIaTHOCTUYHOMY  METOIi IIET, KOJTH BHUCOKOCHEPTCTHYHI ¢dhoroHN
€IeKTPOMArHiTHOTO BHIIPOMIHIOBaHHS TaMMa-Jiala3oHy MaloTh OIHAKOBI 3a
MOJyJIEM Ta AHTHIAPAIEIbHI 32 HAMPAMKOM BEKTOPHM IMIYIbCIB, TOOTO |pi| =
|p2| Tany, = —7,. Y 1upoMy Bumajky, Bpaxyroun (opmyry Makca Ilnanka s
OIIHAKOBOi eHeprii 000X KBaHTIB E, = E, = hv, Maca 1BO(QOTOHHOIO KOMILIEKCY B

metoxi [IET mopiBHto€
mq,=2hv/c?. 9)
Bepyuu 110 yBaru, 1o Maca eleKTpOHHO-MO3UTPOHHOI mapu jgopisHioe 1,82:107 kr;
MOXKHA 3HAUTH 13 dopmynu (9) Take 3HAYEHHS JOBKHUHU XBHJII A KO)KHOTO 3 JIBOX
raMma-KBaHTiB ((pOTOHIB):

A=2h/m,_,c=2,42x10"y, (10)

JJIS sIKO1 Maca CIICKTPOHHO-TIIO3BUTPOHHOT'O KOMILJICKCY 6yz[e TOYHO ,I[OpiBHIOBaTI/I
maci I[BO(I)OTOHHOFO KOMILJICKCY. Takum YHMHOM, CaM€ B OCTAHHbOMY BHUIIAKY 3aKOH
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30epekeHHss Macu Oyne BHKOHYBAaTHCS Ha BCiX eTamax BHKOPHCTaHHS
niarnoctuyHoro merony I1ET.

BucHosknu

Y nmpeseHTarii Oylia JOCIipKeHa BaX/IMBA IPO0IeMa BUKOHAHHS 3aKOHY 30epeKeHHS
Mack TpU aHirvisii enekrporHo-mo3uTpoHHoi mapu B wMeromi [IET. Tlposenmeni
JIOCITIKEHHS! 0a3yBaIIMCh HA TIOCTIZIOBHOMY BHKOPHCTAHHI TAKKX JABOX (DOPMYIL:

® pensTUBiCTCHKOI (opMmynan (2) Ans 3B'A3Ky €HEprii, Macu Ta iMIIyJbCy, sSKa
y3aranbHIOe 3HaMeHuTy (opMmyny Eifamreiina E = mc’, cnpaBeIiuBy s CTaHy
CIIOKOO 1 HYJIbOBOTO IMITYJIBCY;

® pensaTUBICTCHKOI popMynu (5) i Mack TBOQOTOHHOTO KOMILIEKCY.

Jlnist BUKOHAHHS 3aKOHY 30epeXEeHHSI MacH eIeMEHTApPHUX YaCTUHOK, sIKi OepyTh
y4acTh y TPOIEC] aHIruIsil eNeKTpoHa i MO3UTPOHA 3 YTBOPEHHSM JIBOX TaMma-
kBaHtiB y Meroni [IET, HeoOxigHo, 1100 BHCOKOEHEpreTHyHi (HOTOHU
CJIEKTPOMArHiTHOTO BUIPOMIHIOBAHHS FaMMa-/[iala30oHy MaJjiu OJJHAKOBI 32 MOJYJIEM
Ta aHTUTIApaJIelIbHI 32 HAIPSMKOM BEKTOPH CBOIX IMITYJIBCIB.

Buecok aBropiB: Onexcannap Yanmii — KOHIeENTyami3amlis, METOMONOTIs, KEPiBHUITBO
JOCIIi/KEHHSIM, HAIMCaHHsA OPUTiHAJIBbHOro Tekcry; Haranis I'puieHKO — MeTOmoNoris i mpakTu4He
BUKOPHUCTAHHS B IIEJJarorilli, aHal3 i nepeBipKa JaHuX, nepenisy i penarypanHs; AnbOina Kpumrona
— aHaJI3 1 mepeBipka JaHUX, NMepensiy i penaryBaHss; IpuHa Mapromud — aHaii3 i epeBipka JaHHX,
nepeniAy i penaryBaHss; [anuna Xpaniduyk — aHali3 i IepeBipka JaHMX, HeperIsy 1 peraryBaHHs,
JPYK 3aKJIFOYHOTO TEKCTY.
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THE LAW OF MASS CONSERVATION
IN THE METHOD OF POSITRON EMISSION TOMOGRAPHY

This presentation is devoted to an actual problem of Medical Physics, which is related to
the law of mass conservation in the modern diagnostic method of positron emission
tomography (PET). The theoretical basis of the PET method is based on the phenomenon of
annihilation of an electron and a positron with the formation of two gamma quanta, i.e.
photons of short-wave electromagnetic radiation in the gamma range. The problem is that
an electron and a positron have a non-zero total rest mass, while a photon is an elementary
particle that has no mass. Therefore, a natural question arises, whether there is really a
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violation of the law of mass conservation in the process of electron and positron annihilation
in one of the main diagnostic methods of PET, which is widely used in medical practice along
with such diagnostic methods as magnetic resonance imaging (MRI) and computed
tomography (CT)? The theoretical research conducted below provides a consistent and
scientifically based answer to this fundamental question.

Keywords: positron emission tomography (PET); the process of electron and
positron annihilation; the limits of application of Einstein's formula E = mcZ; the relativistic
formula for the relationship between energy, mass and momentum; the formula for the mass
of a 2-photon complex; the law of conservation of mass in the PET method.

Agropu H. I'purienko, A. Kpuiurora, I. Maproymu, I'. Xpariiiuyk 3asBisitOTh [P0 BiICYTHICTh KOHQITIKTY iHTEpECiB.
Unen nporpamuoro xomitery O. Yammit 3asise mpo BifCYTHICTH KOHQUIIKTY iHTepeciB Ta HEBIPYYaHHsS B IIpoLEeC
OLIIHIOBAHHSI I(i€] CTATTi BIAMOBIAHO JO MDKHAPOOHUX CTAHIAPTIB MyOunikawiiiHoi etrku. CrioHCOpH He Opamu ydacTi B
PO3pO0IIeHH] TOCTipKeHHs; y 300pi, aHai31 4n IHTepIpeTallii JaHHX; Y HAIMMCAHHI PYKOIHCY; B PillIeHHi Ipo IMyOIiKaLlito
Ppe3yJIbTATIB.

The authors N. Grytsenko, A. Kryshtopa, I. Margolych and H. Khrapiichuk declare no conflicts of interest. The
member of the Program committee A. Chalyi declares no conflict of interest and has not interfered in the evaluation
process of this article, in accordance with international publication ethics standards. The funders had no role in the
design of the study; in the collection, analyses or interpretation of data; in the writing of the manuscript; in the
decision to publish the results.
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AHAJII3 HEOJJHO3HAYHOCTEM BUSHAYEHHS MEPEPI3IB
YTBOPEHHA PAZAIOI3O0TOIIIB 99T, 177Lu

IIpoeedeHo nOpiBHSAHHS eKcnepumMeHMA/AbHUX O0aHUX 3HAa4YeHb hepepizie ymeopeHHs
MeduyHux padioisomonie 9mTc, 177Lu y homosidepHux pearyisx * Mo(y, n)* Mo (*Mo—L2"" Tc),

Y Hf(y,p)” Lu 3 oyiHeHUMU AAHUMU MA PO3PAXYHKAMU, SUKOHAHUMU 3 YPAXYEAHHSAM

Hesu3Ha4eHOcMmell Xapakmepucmuk 36y ceHux cmaHie amomuux sidep. Exkcnepumenmi daHi 3
6a3u daHux EXFOR HagedeHO 3 docmamHbo 8e/UKUMU NOXUGKAMU, a Cy4acHi daHi 3 6i6.1iomeku
daHux TENDL2023, oyiHeHi 3a 6a2amuoX eHepeitl, He y3200CylombCs 3 eKCnepuMeHma1bHUMU
daHumu. Tomy 045 HaOiliHO20 8U3HAYEHHS 8iON0GIOHUX nepepisie pomonozAUHAHHS, AKI
8U3Ha4awmv eupo6HUYmMeo padioizomonie, Gy/10 BUKOHAHO OGYUC/EHHSI 8i0Nno8ioHUX
nepepisie 3 ypaxyeaHHAM HegU3Ha4eHocmell y XapaKkmepucmukax 36y0sceHux cmaHis s10ep, a
came, y muni ghomoHHoi cunoeoi hyHkyii, ska eusHauae iimogipHicmb camma-po3nady ma
ghomonozauHaHHA sAdep, i y supazax 045 2ycmuH 36Y0XHCeHUX CMAHie amoMHuUx sdep.
IIpodemoHcmpoeaHo docums Cu/abHY 3a/€XHCHICMb 3HAYeHb nepepizie ymeopeHHS
padioizomonie 8id xapakmepucmuk cmadie, a/ne HisKow eapiayielo napamempis He
MOJICHA y3200umu meopemuYHi pO3PAXyHKU 3 eKCnepuMeHmaabHumu OaHUMu no
nepepizy ymeopeHHsa padioizomony 177Lu. HaeedeHo po3paxyHKu nepepi3ie
gomonoaaunaHHa sidep 1Mo, 178Hf i3 pizHumu dedopmayiamu npu 6UKOPUCMAHHI
cucmeMamuk 0151 2i2aHMCbKUX OUNO/1bHUX PEe30HAHCIB.

KnwuyoBi ciaoBa: nepepizu ghomosdepHux peakyiii, padioizomonu °nTc, 177Lu,
gomoHHa cunoea hyHkyis, niami ma zizaHmcokuii duno1bHIi pe30HaHcU.

Beryn
EnexrpomaruitTHi mepexomd BimirpaloTh 3HAYHY pOIb B SAEPHUX IpoIecax,
OCKUTBKH BOHH CYTIPOBOKYIOTH OyAb-SIKy SIIEpHY PEakililo, a BIACTUBOCTI Aapa
MOXXHa OI[HUTH, JOCHIDKYIOUM eNIeKTPOMArHiTHI IMepexoand. YcepeaHeHi
WMOBIpHOCT] (DOTOTIOIIMHAHHA Ta TaMMa-pO3Majy OIKCYIOTHCS 3a JIOITOMOTOIO
(ororHnx cmnoux ¢pyHkmin (PCD) (Capote et al., 2009; Goriely, & Plujko, 2019;
Goriely et al., 2019; Plujko, Capote, & Gorbachenko, 2011; Plujko et al., 2018), sixi
BHUKOPHCTOBYIOTBCSA SIK JUIA (DyHIAMEHTAIbHUX AOCIiIKEHb aTOMHHX s1ep, TaK 1 B
MIPUKIIATHUX 3acToCcyBaHHAX. Enexrpuyuni qunonbHi (E1) mepexomy TOMiHYIOTh HaJ
MepexofaMy IHLIOrO0 THITy 1 MYJIBTHUIIONBHOCTEH, KOJIM BOHHU BinOyBaroThCs
omgrouacHo (Capote et al., 2009; Plujko, Capote, & Gorbachenko, 2011). OcHoBHUM
KOJIGKTUBHUM CTaHOM, skuii Bu3Hauae E1 QoromommHanHg 1 ramMma-posmaj
© I'op6auenko Onekcanzp, [noiiko Bonoaumup, 2024
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aTOMHHUX siiep 3a eHeprid 30ymkeHHs <50 MeB, € riraHrchkuii 130BEKTOPHHIA
nunonsauid pesonanc (IIP). [opsin 3 HuM Moxke 30yIKyBaTHCA 1 TIrMi TUHIONBHUIH
PE30HAHC, SIKUI MOXe CHJILHO BILUTUBATH Ha Mepepi3u (HOTOSACPHUX PEaKIIii.

Jesixi pagioizoronu, 30kpeMa Taki, sx: " Tc, *'Sc, “Ti, “’Cu, 'Pd, "'"™Sn, '*FEr,
195mpt  25A¢, ""Lu, MoxkyTh OyTM OTpuMaHi y (OTOSAEpHMX peaKIisX i yac
B3a€MOJIii 3 BUCOKO IHTEHCHBHUMH Y-KBaHTaMH 3 KpalliM BHXOIOM, HDK y PI3HHX
kmacnunux Meromax (Habs, & Koster, 2011; Naik et al., 2013; Nikiforov, & Uvarov,
2010; Gao et al., 2023). [lerayibHi JOCTIHKEHHS 11010 BUPOOHMIITBA TAKUX 130TOITIB
JOCTIDKYBalIUCh y pisHux podorax (Habs, & Koster, 2011; Naik et al., 2013;
Nikiforov, & Uvarov, 2010; Gao et al., 2023). OcoOnuBuii iHTEpEC MPEACTABIIAE
BUPOOHUIITBO i30TomiB * " Tc, '"'Lu, sKi € 6eTa-BUIPOMiHIOBAYAMH HU3BKOI €Heprii
3 mepiogom miBpo3namy 6,0 ta 6,65 nibd, BigmosinHo. Yepes many eHepriro Oera-
YaCTUHOK TIIMOWHA MPOHUKHEHHSI B M'SIKi TKAHIHU MaJia, TOMY BUCOKi 03U MOXKYTh
OyTu oTpuMaHi B MaJiuXx o0'eMax 1 Il i30TONU € iJeaJbHUMM KaHIUJAaTaMHu IS
eHopasiorepanii. [Ipoiiec BUpOOHMIITBA I[UX 130TOMIB MOXKE OyTH HaJIaroJKeHUN
3a JIOTIOMOT'OF0 BUCOKOEHEPTETHYHOT 0 raMMa-BUITPOMIHIOBAHHSI B SIIEPHIX PEAKIIisAX

19 Mo(y, n)® Mo (*Mo—E—"" Tc) , "8 Hf (v, p)” Lu . Jlis peamisaiii Takux saepHUX
peaxiiiii HeoOXiIHO, 30KpeMa, 3HATH TOYHE OLIHIOBAHHS iXHIX IEepepi3iB.
Mema pobomu npoaHalizyBaTH MOXIUBICTh BHUKOPHCTaHHS (oTopeakirii
10 Mo(y,m)® Mo 78Hf (v, p)”’ Lu st Buxoxy i3otomnis **"Tc, '"Lu Ta ouinutu
b

BIUIMB HEBU3HAYEHOCTEH TTepepi3iB BIAMOBIAHUX SACPHUX PEAKIIIA BiJl MOIEITHEHUX
rependadeHs.
PosrnsHemo rerepario pamioizoromnis *™Tc, '”’Lu 3a 10moMororo raMMa-KBaHTiB
3 SIIEPHUX peakiit 1 Mo(y,n)*® Mo , Y8 Hf (v, p)*’” Lu . 3a3BH4aii K e(eKTUBHICTh
reHepartii paaioi30TONiB BUKOPUCTOBYIOTh BiTHOIIEHHS aKTUBHOCTI 3T€HEPOBAHUX
pamioizoromiB A 110 3aranpHOI Macu MillleHi m IPH ONPOMiHEHHI raMMa-KBaHTAMH
onmiei eneprii 3 rycrunoro nmoroky @ (Habs, & Koster, 2011), npupiBHIOM04H
MaKCHMAJbHI KUTBKOCTI 130TOIIB, SKi MOXKHA 3TeHEepyBaTH:
A N, .
= (1-exp(-t,, -In2/T,,))-c- @, i BpaxoByiouH Te, 1110 BOHK PO3IIAJAITHCS
A N,-In2

MiJ Yac MaKCHUMallbHOTO BUXOIYy 3TE€HEpOBaHUX I30TOIIIB E = MT.
"l

ne M — monspna maca izoronis mimeni (r/monb), N,— 4ucio ABoraupo, t,, — uac

max

ONpOMiHEHHsA, T,,, Iepiod MiBpo3majy HampalbOBAHOIO pajioi3oTomy, 3a
JOCTaTHBO JOBTUX YacCiB OMPOMIHEHHS, NMPHPIBHIOIOYH MIBUAKICTh BUPOOHHUIITBA i
po3naxy i30TOHIB 3a MaKCHMalbHOiI AaKTHBHOCTI, OTPHMYEMO 3B'SI30K IIepepizy
peakuii 1 T'yCTUHH HOTOKY o-® ~In2/T,,. Ockuibku nepionu T,,, Ads HaIIUX
Pazdioi30TOINB CTAHOBIATH MPUOMM3HO 6 IO, TO MOTOKH, MOTPiOHI /IS TeHeparii
JAHUX 130TOITiB, OyAyTh BU3HAYATHCH TIEpepi3aMul peakilii

o[ em?xs™ [In2/(0-Ty,) ~(12+13)10° / o[barn]
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V po6ori (Habs, & Koster, 2011) npeicTaBiIeHo OLiHIOBaHHS BUXOy i30Tommy ~™Tc
3a eHeprii 14 MeB i moka3ano, 1110 e()eKTHBHICTh BUPOOHHIITBA IIBOTO 130TOITY B peaKLii
10 Mo(y,n)*® Mo Kpallla, HDK y peakiii 3 HeTpoHamu. OCKUIBKM Ha PeakTopi
OTPHMYIOTHCS GBI BUCOKI MOTOKH HEHTPOHIB, TO TEXHONOris BUPOOHHIITBA ~ "Tc Ha
peakTopi OLTBII MPUIHATHA, ale y 3B'I3Ky 3 BUXOIOM 13 eKCILTyaTallil peakTopiB HoaiTy
NOTPIOHO IIyKaTH 1HINI HE3aJeKHI BapiaHTH BHPOOHMITBA MEIMYHUX 130TOIIIB.
3a3Buuaii y BUMAJKy rajlbMiBHUX raMMa-KBaHTIB MU MaeMO CIIEKTp 13 pi3HUX eHepriii

E max
raMMa-KBaHTiB i 100yTok 6-® 3amiHIO€THCA Ha iHTErpan J‘Ev o(E,)- @ (E)dE, , ne

¥.min
® ; TYCTHHA IIOTOKY 3a IIEBHOI eHeprii raMma-KBaHTIB. el iHTerpan Oyze 3anexary Bij

TIOBE/IIHKY TIepepi3y Ta eHeprii raMMa-KBaHTIB.

Ha puc. 1 mnpeacraBineHo 3anexHOCTI mepepi3iB  QorosgepHUX —peakiii
10 Mo(y,n)*® Mo , Y®Hf(y, p)’Lu Bif €Heprii raMma-KBaHTIB, PO3paxoBaHi 3a
kogamu  TALYS 2.0 (https://nds.iaea.org/talys/), EMPIRE 3.2 (https://www-
nds.iaea.org/empire/), omiHeHi  gani  3a  OiOmorekoro = TENDL2023
(https://tendl.web.psi.ch/tendl 2023/tend12023.html) Ta ekcriepuMeHTalIbHI HaHi 3
EXFOR (https://www-nds.iaea.org/exfor/), ski MOXyTh OyTH BUKOPHUCTaHi JUIs
BUpOOHMITBA i30TONiB *™Tc (micis 6era-posnany *®Mo—E*"Tc), ¥ Lu.

Bumno, mo ¢yHkiii 30y/DKeHHS TaKuX peakiiid Jy)Ke CHIBHO 3alieKaTh Bij
eHeprii ramma-kBaHTiB. OyHKIisS 30ymKeHHs 1 peakuii ' Mo(y,n)*Mo kpaiue
Y3TOKYEThCS 3 €KCIIEPUMEHTAIBHUMY JaHUMHM, HiX st peakuii "°Hf (v, p)'' Lu .

3a Manmux eHepriii y miama3oHi eHeprii raMMa-KBaHTIB, ONM3BKO N0 C€HEprii
BimmineHHs HedTpoHa (6-9 MeB) (puc. 1a), TOpOSBISIOTHCS TIrMi  JUIONBHI
pPE30HAHCH 1 BIATOBIIHO TIepepi3 SACPHUX PeaKIliii MOXKe BIIPi3HATHCSA B JACKLTbKA
pasiB. Takok Moke BIUIMBATH Ha mepepi3 aedopmaris saep. Ilepepis peakiii o(y, X)
(X=n,p) Oyme BM3HAYATHCh TAKMUMH TapaMeTpaMH fapa, SK (OTOHHA CHUIIOBA

¢yukmigs (OCD) (mapamerp strength i gstrfn y TALYS i EMPIRE «komax,
BimnoBimHO) Ta ryctrHA snepHux piBHIB (IS1P) (mapamerpm Idmodel i levden y
TALYS i EMPIRE xonax, BiamosinHo). bynu Buxopucrani taki mogeni mis ISP y
komi TALYS: Idmodel=1 - wmomens ['inbepra—Kamepona 3 mocCTiiiHOIO
temreparypoto; ldmodel=2 — wmogens ¢epmi-razy 31 3BOPOTHHM 3CYBOM;
ldmodel =3 — y3aranpHeHa HammumHHa MOonenb; ldmodel =4 — meron Xaprpi—
®oka—boromroboBa i3 cmmamu Ckipma. Sk mozeni mis @CO Oynu BUKOPHCTaHI:
strength = 1 — momens Komempkoro Ta Yma; strength =2 — moznens craHgapTHOTO
nopermiana (SLO); strength = 9 — mogens MomudikoBanoro sopeniiana (SMLO).
Husa I'SIP y xoni EMPIRE 6ynu Bukopuctani Taki monemni: levden = 0 — crienudivna
mis  EMPIRE  rycrmHa  smepHux  piBHIB,  y3romkena 3 RIPL-3
eKCIIEPHUMEHTAIbHUMH BIJCTaHAMH MIDX HEHTPOHHUMH pe30oHaHCaMu Deps Ta
KyMYJISITUBHOIO  KUIBKICTIO JAWUCKpEeTHHX pPiBHIB Neum (EGSM  Mopens 3a
3aMoBuyBaHHsIM); levden=1 — y3arampHeHa HaamuMHHA Momenb Generalized
Superuid Model (GSM)), migiraana 3a RIPL Dgs; levden = 2 — monens ['inbepra—
Kawmepona (Gilbert—-Cameron) i3 RIPL Dgps Ta Neum; levden = 3 — RIPL-3 Xaprpi—
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®ox—borontobos (Hartree-Fock—Bogolyubov (HFB)) rycruna simepHux piBHiB. A
sk momeni it ®CD Oynu Bukopucrani: gstrfn=0 — Momenb MiACUICHOTO
y3aranbHeHoro JiopeHiiana (EGLO); gstrfn = 6 — Monenb craH apTHOTO JIOpEHITiaHa
(SLO), gstrfn = 1 — monens MomudikoBanoro jopeHniiana (MLO).

178 177
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Puc. 1. 3anexxnicTh nepepiziB saepHUX peakuii
9 Mo(y,n)* Mo, Y Hf(y, p)*" Lu Bix eHeprii raMMa-KBaHTIB.

(ExcriepumenTainbHi qani B3sTi 3 6a3u ganux EXFOR
i3 BignoBigaumu subent-womepamu: K2433007; K2373002; M1020007; M1020006)

Ey.max
OOGumMCIIeHHsT iHTerpana IEY G(Ev)'q)y(Ev)dEv TUTSt (Dy ['YCTUHH TIOTOKY

rabMiBHOTO BUTIPOMIHIOBaHHS 3 eHeprieto enekTpoHiB 11 MeB i3 pisanMu Bupazamu
UIA TYCTUH siiepHuX piBHIB Ta OCO, mo mpencrapieHi Ha puc. 1, MOKa3yrOTh
PO3XOmKEeHHsI MK CO0OI0 B J1Ba pasu. SIKIIo mepepi3 saepHOi peakiii ime depes
CKJIAZIcHE $1pO, TO MO)KHA O4iKyBaTH, IO MapLiajJbHUI mepepi3 o(y,X) Oyae

MPONOPLIHHUI TOBHOMY Tiepepisy (oronormmHanHs o(y,abs) :
GabS(Ey) = GEI,GDR(EY) + qu (Ey) D)

1 ' 1 .
€ G, opr — KOMIIOHEHTA Mepepisy (oTonomMHanHs noB's3ana 3i 30ymkensam [J1P;

qu(Ey)— KBa3lZICUTPOHHUN BHECOK Yy IEpEpi13 (bOTOHOl"J'II/IHaHHH, KWW B3ATO
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srimHo 3 (Chadwick et al, 1991). IloBumii mepepi3 QoTOMOIMHMHAHHS MOKHA
004YHCINTH, KOPUCTYIOUHCH (poToOHHMMHU cunoBumu yHkuismu (Capote et al., 2009;
Plujko, Capote, & Gorbachenko, 2011; Plujko et al., 2018) mns enexTpuuHHX
munonbHuXx (E1) mepexofiB 3 ypaxyBaHHSM TiraHTCBKOTO Ta MIirMi JHUITOJIbHUMH
pe30HaHCaMH, a Takox JedopmariisiMu atoMHHX siaep. Hampukiag, KOMIIOHEHT
nepepisy (oTonomMHaHHs, WO TOB's3aHud 31 30ymkennsM crany [P o, ...

PO3PaxOBY€EThCSl 3 BUKOPHCTaHHSAM pisHHX aHamitnuHux momened E1 ®CD ¢oro

soymkenns fgy(€,), ne innexcom o mosnaveno moxens ®CP (o = SLO, SMLO):
ot,(E,) = 0ty con (E,) =3(nhe) E, T5(E)).

[Mapamerpu [JIP, a Takox mapameTpu KBaApymnoinbsHOI aedopmatii saep £, Oymu
3HAWJCHI 3 TIJArOHKA EKCIIEPUMEHTAIbHUX JaHUX 32 (DOTONMOIIMHAHHAM 3
Bukopuctanasam mozeneii dCO cranmapraoro SLO 1 momudikoBaHoro SMLO
(Plujko et al., 2018; Goriely, & Plujko, 2019) nopeHiiianiB y HaOIMKeHHI aKCiaTbHO
nedopmoranux saep (Capote et al., 2009; Plujko, Capote, & Gorbachenko, 2011;
Plujko et al., 2018; Goriely, & Plujko, 2019).

Tabnuii 3naueHp napamerpis [JIP 3 oriHkamu iX HeBH3HAUEHOCTI (CTaHAAPTHE
BIIXWJICHHSI Ha OJHY CHIMYy) y HaOIM)KeHHsS akcianbHOI jgedopmarii sgep 3
napamerpom jaedopmanii f Oymu orpumani B po6oti (Plujko et al., 2018), sixa
BHKOHyBanach B pamkax mnpoekry MAI'ATE "Updating the Photonuclear Data

Library and generating a Reference Database for Photon Strength Functions 2016—
2019" (https://www-nds.iaea.org/CRP-photonuclear/). [Tapamerpu medopmariit p

BU3HAYANNCh 13 Xapakrepuctuk [JIP Bimmoimao mo dopmymu Jlanoca (Danos,
1958), sax: B=+/4x/5(1—E, /E,)/(0.867-E,/E, +1/2), ¢ E, 1 E, eHeprii mox
I'JIP pesonanciB y3q0BX Ta TOMEpeK BIJHOCHUX MIBOCEH ermincoina obepTaHHA,
BIANOBIAHO. 3HaUeHHA E,, E, BU3HadamMch 3a eHepriamu I'/IP nepmoro Ta apyroro

pesonanciB E, ,, E, , (Plujko etal., 2018) 3rinno 31 3Ha4eHHAM CUI S, , S, : AKIIO
S, <S,,Tom E,=E
Eb =E Ea = Er,2
MOXMOKH B JY)KKax, OTPUMaHi METOIOM TepEeHECEHHs MOXMOOK, MPENCTaBICHO B
tabn. 1 mis mapamerpiB ['JIP, po3paxoBanmx 3a momomororo moxeneit SMLO, SLO.
[apamerpu KBaapynonbHUX Aehopmariii 1is saep '°Mo, "*Hf, orpumani B pisHIX
MiJX0AaX, MPEeACTaBIeHo B Ta0. 1.

E,= E, , — Aapo BuTaruyre ( S >0); AKwo S, > S, , 1ol

r,i?

fao — sanpo crurrocHyTe (B<0). BiamoimHo medopmarii ta ixHi

Taonuuys 1
IMapameTrpu kBaapynoasHoi gedpopmanii Buznauyeni SLO, SMLO i pizHux 6i61ioTex
“deflib.dat"
Ejement SLO SMLO (Capote et al., 2009) (Yushkov, 1993)
190Mmo 0 0 0.249 0.0806
18Hf -0.26 (3) -0.24 (3) 0.259 0.262
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PizHuig B 3HAUSHHSX 1 3HAKaX JieopMalliid MPU3BOJUTh 10 HEBU3HAYCHOCTEH Y
MOBEIIHII PO3paxoBaHUX IMOBHUX repepizis (b orororTuHaHHS, 110
HPOIEMOHCTPOBAHO HA pHUC. 2 Ul peakliil 1% Mo(y,abs), “®Hf(y,abs). Tyt
MPOJIEMOHCTPOBAHO PO3PaXyHOK IMOBHHUX MEpepi3iB (hOTOMONIMHAHHS 3 PI3HUMHU
3HAUYEHHSIMHU KBaJpyMoIbHUX AedopMaiiid, BU3HAUYCHUMH 3 PI3HHX O0i0mioTek
(Pritychenko et al., 2016; Raman, Nestor, & Tikkanen, 2001; Yushkov, 1993) Ta
po3paxoBanux 3a mnapamerpamu [JIP. Ilapamerpu [IJIP Bu3Hawanuce 3a
cUCTeMaTHKaMH. I3 puc. 2 BUIHO, IO JUIsi KOPEKTHOTO OMUCY €KCIEPUMEHTAIbHUX
JAHWX Y Jliafia30Hi eHeprii BiliieHHs HelTpoHa Tpeba BpaxoByBaTH BHECOK MIrMi
JUTIONILHOTO Pe30HaHcy, ockinmbku Monen SLO, SMLO He myke rapHO OIUCYIOTh
SKCIIEPUMEHTAJIbHI JIaHI B I[bOMY Jliara3oHi.

100 ,
Mo(y,abs)
250
SLOGS-SLOY
SMILXB-SLO) ——
g (\a SLOPB-SMLO) — —
T M| f SMLO(B SMLO)
= / SLOP-deflih) — —
— .,,’r\ SMLO{f-deflib) ~
=Sy f/ wah SLOE-[Yashkon])
k= o/ SMLOG-| Yashkor])
5 A’,{ .4&‘ SLOY B Rarman )
,} L\ SMLOY 3| Ramun|)
g 100 | / \s‘ SLOB-{Prityehenko] |
7 g MLOY - {Pritychenko])
é ?\e, 1974Be) -+
— -
&3 <ol N XA
~/ = e .
-~ \0
o -—
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178
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Puc. 2. BanexuicTs nepepizie sixepHux peakuiii ' Mo(y, abs), ® Hf (y, abs)

BijI eHeprii raMmMa-KBaHTIB.
(ExcniepumenTanbHi qaHi B3sTo 3 (Plujko et al., 2018)
i mpencrasieHo Ha https://www-nds.iaea.org/PSFdatabase/)
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BucHosku
[lokaszaHo, IO TIpM BUPOOHMITBI Takux pamioizoromis, sk ~™Tc, '"Lu, y

. 99
peakuisx Qoromortuuanns ©Mo(y,n)* Mo(®*Mo—L— " Tc), 8t (7. )" Lu

iCHye  CHJbHa  HEY3TOIDKEHICTb 13  pO3paxOBaHMMHM,  OLIHEHHMH  Ta
CKCIICPUMEHTAIILHUMHU JTaHUMH, OCOOJMBO JUIS pPeakilii BUPOOHMIITBA L.
[TpuurHOIO HEy3romKeHOoCTel MOKe OyTH HAsBHICTH MIrMi JUITOIBHOTO PE30HAHCY
Ta HEY3TO/XKEHOCTi Y BUKOPUCTAaHHI MOJENBHUX 3HaYeHb MapameTpiB Aedopmarii,
IO BiJINOBIZal0Th HAaOMMKEHHIO akciadbHO nedopmoBaHoro siapa. Ha cworomsi
PO3POOISIIOTECS pEeKOMEHAallil MO0 Oomucy (OTOHHHX CHIIOBHX (DyHKIIH Juis
pajaioi3oTomiB 3  ypaxyBaHHSAM jAedopMaliiii, 0 BIANOBIAAIOTH  OMHCY
(hoTONOrIIMHAHHS Ta BIUIMBY ITirMi IUTIONILHOTO PE3OHAHCY.

Buecox aBtopiB: Onexcannp l'opbadeHKO — IpOBENEHHS PO3paxyHKIB, aHAII3 PO3PAXyHKIB,
ITiATOTOBKA YepHETKH pyKorucy; Bomomumup [Timtoiiko — aHami3 po3paxyHKiB Ta KOHCY/IBTYBAaHHS IIIOZ0
PO3paxyHKiB, pearyBaHHs PyKOIUCY.

Monsiku, mKkepena ¢ginancyBanHs. Pobora BUKOHaHA B paMKax OrokeTHOI Temu "KomruiekcHi
JOCNIIDKCHHST BIIACTUBOCTEH 1 MeEXaHi3MIB B3aeMOMil YACTHHOK 3 AaTOMHHUMH sApaMH Ui
(dbyHmaMeHTaBHUX 1 TpHKIagHux 3actocyBanp”" Ne JIP 0122U001955 ta 3a 4acTKOBOI MiITPHMKH
rpanta HOJI Ykpainu 2023.05/0024.

Cnucok BUKOPHCTAHUX JUKePeT

Capote, R., Herman, M., Oblozinsky, P., Young, P.G., Goriely, S., Belgya, T., Ignatyuket, A.V. et al.
(2009). RIPL — Reference Input Parameter Library for Calculation of Nuclear Reactions and Nuclear
Data Evaluations. Nucl. Data Sheets, 110, 3107. https://www-nds.iaea.org/RIPL-3/

Chadwick, M.B., Obloinsky, P., Hodgson, P.E. & Reffo, G. (1991). Pauli-blocking in the quasideuteron
model of photoabsorption, Phys. Rev. C., 44, 814. https://doi.org/10.1103/PhysRevC.44.814

Danos, M. (1958). On the long-range correlation model of the photonuclear effect. Nuclear Physics,
5, 23. https://doi.org/10.1016/0029-5582(58)90005-1

Gao, X., Zhang, P, Li, J. et al. (2023). Production of Mo via photoneutron reaction using a
50 MeV electron linear accelerator. J. Radioanal. Nucl. Chem., 332, 3037-3045.
http://dx.doi.org/10.1007/s10967-023-09003-2

Goriely, S., & Plujko, V. (2019). Simple empirical E1 and M1 strength functions for practical
applications. Phys. Rev. C., 99(1), 014303. https://doi.org/10.1103/PhysRevC.99.014303

Goriely, S., Dimitriou, P., Wiedeking, M. et al. (2019). Reference database for photon strength
functions. Eur. Phys. J. A., 55,172. https://doi.org/10.1140/epja/i2019-12840-1

Habs, D., & Koster, U. (2011). Production of medical radioisotopes with high specific activity in
photonuclear reactions with y-beams of high intensity and large brilliance. Applied Physics B., 103, 501-519.

Naik, H., Suryanarayana, S., Jagadeesan, K., Thakare, S., Joshi, P., Nimje, V., Mittal, K., Goswami,
A., Venugopal, V., & Kailas, S. (2013). An alternative route for the preparation of the medical isotope
“Mo from the 28U(y, f) and ' Mo(y, n) reactions. J. Radioanal. Nucl. Chem., 295, 807-816.

Nikiforov, V.I., & Uvarov, V.L. (2010). Estimation of the photonuclear yield of isotopes in
production targets. Radiochemistry, 52(3), 315-321. https://doi.org/10.1134/s1066362210030161

Plujko, V.A., Capote, R., & Gorbachenko, O.M. (2011). Giant Dipole Resonance Parameters with
Uncertainties from Photonuclear Cross Sections. Afomic Data and Nuclear Data Tables, 97, 567-589.
https://doi.org/10.1016/j.adt.2011.04.001

310 Bunyck 1



MeauyHa ¢izuka - cydacHU# cTaH, Npo6JieMH, HUISIXU po3BUTKY. HoBiTHI TexHoJ1OTii

Plujko, V.A., Gorbachenko, O.M., Capote, R., & Dimitriou, P. (2018). Giant dipole resonance
parameters of ground-state photoabsorption: Experimental values with uncertainties. Afomic Data and
Nuclear Data Tables, 123-124, https://doi.org/10.1016/j.adt.2018.03.002

Pritychenko, B., Birch, M., Singh, B., & Horoi, M. (2016). Tables of E2 transition probabilities
from the first 2* states in even—even nuclei. Atomic Data and Nuclear Data Tables, 107, 1.
https://doi.org/10.1016/j.adt.2015.10.001

Raman, S., Nestor, C.W., & Tikkanen, P. (2001). Transition probability from the ground to the first-
excited 2" state of even—even nuclides. Atomic Data and Nuclear Data Tables, 78, 1, 1.
https://doi.org/10.1006/adnd.2001.0858

Yushkov, A.V. (1993). Surface of B(Z, N) Deformation for Nuclei with Z from 2 to 102. Phys. Elem.
Part. At. Nucl. (PEPAN), 24, 348-408.

References
Capote, R., Herman, M., Oblozinsky, P., Young, P.G., Goriely, S., Belgya, T., Ignatyuket, A.V. et
al. (2009). RIPL — Reference Input Parameter Library for Calculation of Nuclear Reactions and Nuclear
Data Evaluations. Nucl. Data Sheets, 110, 3107. https://www-nds.iaea.org/RIPL-3/
Chadwick, M.B., Obloinsky, P., Hodgson, P.E. & Reffo, G. (1991). Pauli-blocking in the quasideuteron
model of photoabsorption, Phys. Rev. C., 44, 814. https://doi.org/10.1103/PhysRevC.44.814
Danos, M. (1958). On the long-range correlation model of the photonuclear effect. Nuclear Physics,
5, 23. https://doi.org/10.1016/0029-5582(58)90005-1
Gao, X., Zhang, P, Li, J. et al. (2023). Production of Mo via photoneutron reaction using a
50 MeV electron linear accelerator. J. Radioanal. Nucl. Chem., 332, 3037-3045.
http://dx.doi.org/10.1007/s10967-023-09003-2
Goriely, S., & Plujko, V. (2019). Simple empirical E1 and M1 strength functions for practical
applications. Phys. Rev. C., 99(1), 014303. https://doi.org/10.1103/PhysRevC.99.014303
Goriely, S., Dimitriou, P., Wiedeking, M. et al. (2019). Reference database for photon strength
functions. Eur. Phys. J. A., 55,172. https://doi.org/10.1140/epja/i2019-12840-1
Habs, D., & Koster, U. (2011). Production of medical radioisotopes with high specific activity in
photonuclear reactions with y-beams of high intensity and large brilliance. Applied Physics B., 103, 501-519.
Naik, H., Suryanarayana, S., Jagadeesan, K., Thakare, S., Joshi, P., Nimje, V., Mittal, K., Goswami,
A., Venugopal, V., & Kailas, S. (2013). An alternative route for the preparation of the medical isotope
Mo from the 28U(y, f) and ' Mo(y, n) reactions. J. Radioanal. Nucl. Chem., 295, 807-816.
Nikiforov, V.I., & Uvarov, V.L. (2010). Estimation of the photonuclear yield of isotopes in
production targets. Radiochemistry, 52(3), 315-321. https://doi.org/10.1134/s1066362210030161
Plujko, V.A., Capote, R., & Gorbachenko, O.M. (2011). Giant Dipole Resonance Parameters with
Uncertainties from Photonuclear Cross Sections. Atomic Data and Nuclear Data Tables, 97, 567-589.
https://doi.org/10.1016/j.adt.2011.04.001
Plujko, V.A., Gorbachenko, O.M., Capote, R., & Dimitriou, P. (2018). Giant dipole resonance
parameters of ground-state photoabsorption: Experimental values with uncertainties. Afomic Data and
Nuclear Data Tables, 123-124, https://doi.org/10.1016/j.adt.2018.03.002
Pritychenko, B., Birch, M., Singh, B., & Horoi, M. (2016). Tables of E2 transition probabilities
from the first 2" states in even—even nuclei. Atomic Data and Nuclear Data Tables, 107, 1.
https://doi.org/10.1016/j.adt.2015.10.001
Raman, S., Nestor, C.W., & Tikkanen, P. (2001). Transition probability from the ground to the first-
excited 2% state of even—even nuclides. Atomic Data and Nuclear Data Tables, 78, 1, 1.
https://doi.org/10.1006/adnd.2001.0858
Yushkov, A.V. (1993). Surface of B(Z, N) Deformation for Nuclei with Z from 2 to 102. Phys. Elem.
Part. At. Nucl. (PEPAN), 24, 348—408.
Orpumano pegakuiecr 30ipuuka / Received: 02.07.24
IIpopeunen3zoBano / Revised: 05.08.24
CxBajgeno a0 apyky / Accepted: 01.10.24

ISSN 3041-1491 (Print) 311



IHHOBaNiliHi TexHOoJIOTii B MEAUIIUHI

Oleksandr GORBACHENKO, PhD (Phys. & Math.)

ORCID ID: 0000-0003-0563-2392

e-mail: gorbachenko@knu.ua

Taras Shevchenko National University of Kyiv, Kyiv, Ukraine

Volodymyr PLUJKO, DSc (Phys. & Math.), Prof.

ORCID ID: 0000-0003-3668-1306

e-mail: plujko@knu.ua

Taras Shevchenko National University of Kyiv, Kyiv, Ukraine

ANALYSIS OF AMBIGUITIES IN THE DETERMINATION OF CROSS SECTIONS
OF THE RADIOISOTOPES 99mTc, 177Lu FORMATION

Experimental data on cross-section values of the formation of medical radioisotopes
99mTc, 177Lu in photonuclear reactions ® Mo(y, n)® Mo (*Mo —£2—"" Tc), "®Hf (y, p)*” Lu

are compared with evaluated data and calculations made taking into account uncertainties
in the characteristics of excited states of atomic nuclei. The experimental data from the
EXFOR database are given with sufficiently large uncertainties, and modern evaluated data
from the TENDL2023 data library at many energies do not agree with the experimental data.
Therefore, in order to reliably determine the corresponding photoabsorption cross-sections
that determine the production of radioisotopes, in this work calculations of the
corresponding cross-sections were performed taking into account the uncertainties in the
characteristics of excited states of nuclei, namely in the form of photon strength function that
determines the probability of gamma decay and photoabsorption of nuclei, and in
expressions for the densities of excited states of atomic nuclei. A rather strong dependence of
the values of the radioisotope formation cross sections on the characteristics of the states
has been demonstrated, but no variation of the parameters can agree the theoretical
calculations with the experimental cross section data for the formation of 17’Lu radioisotope.
Calculations of photoabsorption cross sections of 199Mo, 178Hf nuclei with different
deformations utilizing systematics for giant dipole resonances are shown.

Keywords: photonuclear reaction cross sections, radioisotopes 9°mTc, 177Lu, photon
strength function, pygmy and giant dipole resonances.

Agropu O. I'opbaueHnko Ta B. ITimoiiko 3asBIs0TH ITPO BiICYTHICTH KOH(UIIKTY iHTepeciB. CrioHcopu He Opau ydacTi
B PO3pOOJICHHI JOCITI/DKEHHS; y 300pi, aHai31 4n iHTeprpeTaLii JaHUX; y HallMCaHHI PYKOITKCY; B PILLICHHI PO ImyOriKarito
pe3yJbTaTiB.

The authors O. Gorbachenko and V. Plujko declare no conflicts of interest. The funders had no role in the design
of the study; in the collection, analyses or interpretation of data; in the writing of the manuscript; in the decision to
publish the results.

312 Bunyck 1



MeauyHa ¢izuka - cydacHU# cTaH, Npo6JieMH, HUISIXU po3BUTKY. HoBiTHI TexHoJ1OTii

YK 616.133/.134+616.137.83/.93-044.6-06:617.58-005.4-089-059
DOI: https://doi.org/10.17721/3041-1491/2024.11-41

Biktop YEPHSIK, a-p Mea. HayK, ipod.

ORCID ID: 0000-0001-8424-4691

e-mail: victorchernyak.ohta@gmail.com

KuiBcbkuii HanioHa/IbHUM YHiBepcuTeT iMeHi Tapaca IlleByeHnka, KuiB, YkpaiHa

Kocrautun KAPIIEHKO, a-p inocodii

ORCID ID: 0000-0002-9737-4484

e-mail: zushpre@gmail.com

HanjioHanbHU# BifiCbKOBO-MeANYHUNA KJAIHIYHUNA LEHTP
"lo/10BHUM BilCbKOBUM KJIiHIYHUN rocnitaib", KuiB, Ykpaina

PO3POBKA INTPUCTPOIO BUABJIEHHA
HEPEHTTEHOKOHTPACTHUX YIAMKIB Y IOPAHEHHUX
IIC/I1 BOTHEINNAJIbHUX ITIOPAHEHD

B cTyn. Ockinrbku yacmo nopaHeHHs 8id6yeaemucsi He MiIbKU peHma2eHOKOHmpacm-
HUMU OCKO/IKAMU Ma KyAsimMu, mo dia2HOCMuKa no/104CeHHs1 CMOPOHHIX mia y paHogeomy
KaHas1i a60 8 NopoXxcHUHI nayieHma cmae yck/1adHeHow0. B ymoeax cy4acHo20 KoH@aikmy
suKopucmosylomuscsi Hogi munu 36poi ma ypasicylo4ux cHapsdie, Hoei mamepiaau,
30Kpema modugpikayii naacmuky ece yacmiwle 8uKOpuUCO8YIOMb AK Kyai, 060/10HKU
cHapsdie, spaHam HACMyNaAbHO20 mMa O0GOPOHHO20 muny. Yce yacmiule CMUKAEMOCH 3
eunadkamu OCKO/IK0O8020 YPAJXCEHHs M'SAKUX MKAHUH NJAaCMuKo8umMu ma CKASHUMU
esiemenmamu. ILriacmuk, nompanasioqu 8 M 'siKi mMKAHUHU /I100CbK020 miaa, mae eaacmueocmi
cepdevHUKi6 po3pUSHUX KY/1b, 3HAYHO 36L1bULYI0YU PO3MIpP NY/1bCYI0HO0I NOPOXHCHUHU PAHBLOBO20
KaHaty. Y moii jce 4ac cnpomodxcHicmbs naacmuky ma ckaa opoéumucs 8 mini Modice
euMazamu po3Kpumms paH 0151 06po6Ku ma eu/ay4eHHs YuX CMOPOHHIX npedmemis, wjo
36i1buye mpaemamu4Hicms i N0doecye mepMiH pea6irimayii nayienmis. Ilowlyk ockosKa,
0Cc06/1UB0 HEePeHIM2eHOKOHMpPAcmHoz20, y KaHali paHu 4acmo cKaadHuil i mpueaauil, wo
noe’s13aHo0 3 HedocmamHvol0 1020 Gi3yanizayielo, 3MiHOW HOpMA/AbHOI aHamomii npu
802HeNna/IbHUX NOPAHEHHSIX i CK/1a0HicMIo Xipyp2iuH020 NOWYKY.

B4 CcH O BKHU. Omiice, nowyk npocmux ma HadiiiHux 3aco6ie diazHoCMuKu CmopoHHiIx
npedmemie y miji nayienma (6e3 suKopucmaHHsi peHmzeH-anapamia) y no.108uUx ymMoeax
€ aKmya/bHUM ma Had3eu4aiiHo 8aXdcAUBUM 3A80AHHAM CbO200€HHS, 8UPIUWEHHS SIKO20
3damHe 36epezmu dcummsi i 300p08’ss mucs4am NOPaHeHux.

Knwo4yoBi cioBa: nepedymosu, po3po6ka, npucmpiii, euse/qeHHs, YIAMKU,
802HeNna/bHi NOPAHEHHS1.

Beryn
OCHOBHHMIA METO, IO BHUKOPHCTOBYEThCA B Cy4YacHId MEIWIMHI ISt
3HAXO/KEHHSI OCKOJIKIB — II€ JIarHOCTHKA, KA HE Imepeadadae mpsMoro KOHTaKTy i3
CaMHM OCKOITKOM. MeTonu BUSIBJICHHS CIPSMOBaHI Ha B3a€EMOMII0 4Yepe3 TKAaHWHHU
JIONMHA 3 BUKOPUCTAHHSM TaKWX BIIACTHBOCTEH OCKOJNKIB, SIK: (DepOMAarHiTHICTb,
peHTreHoKoHTpacTHICTH Tommo (Gumeniuk et al., 2021). Takum 4MHOM, OCKOJIKH, IO
HE MalOTh BIJIIOBITHNX BJIACTUBOCTEH, CKIaIHO BUSABIATH (Baum et al., 2022; Charles,
Geusens, & Nys, 2023; Paolucci, & Diaczuk, 2023; Tsymbaliuk et al., 2023; Wang
et al., 2023). Ile moxe OyTu ckio, miacTuk, komnosuty tomo (Fountain et al., 2021;
© YepHsk Bikrop, Kapnenko KoctsanTus, 2024
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Wang et al., 2023). BpaxoBytoun 0cOOMTUBOCTI PaHOBOTO KaHANy, MPUCTPIH, STKUH
BBOIUTHCS B TIO JIIOAMHM, Ma€ OyTH JOCTaTHHO THYYKUM JJIsl BBEICGHHSA B PaHy 3
MiHIMaJbHUMHU TOIKOMKEHHAMHU. OKpiM TOro, MNpHUCTpiii HEoOXimHO podoHUTH
OIHOPa30BUM, 1100 MIiHIMI3yBaTH BIpOTiAHICTh MOTPAIUISHHA B paHy iHQEKIii,
3a0pyTHEHHs 1 KPOBi HIIMX Jtofiei. Takoxk mpucTpiii Mae OyTH 31aTHUM CKaHYBaTH
i OIYHI CTIHKM KaHAITy.

Memorwo pobomu € po3podOka HOBOrO CIOCcOOy JIarHOCTHKYA HAasBHOCTI B paHi
TMAaIieHTa CTOPOHHIX HEKOHTPACTHUX OCKOJIKIB 3ac00amMu Oe3MocepeJTHhOr0 KOHTAKTY.

3aeoanns pobomu:

* BUSIBUTH €(DEKT BiJl MEXaHIYHOIO KOHTAKTY THYYKOTO 30H/TY 31 CTOPOHHIM TLJIOM
y paHeBOMY KaHalli Ui MIOPOKHUHI MaI[iEHTa;

* PO3POOUTH MPHUHIIUIIOBO HOBUI IHCTPYMEHT JIJIsl [IEPEBIPKHA PAHOBHUX KaHAIIB;

* BUSBUTH (PYHKIIIOHATBHY OOYMOBJIEHICTh KOHTPOJBOBAHHMX CUTHANIB BiJl
($hopMH 1 TUITY CTOPOHHBOTO MIPEAMETa B PAHOBOMY KaHaJi;

* JIOBECTH JIONUIBHICTh BUKOPHCTAHHSI SIK ITapaMeTp KOHTPOILOBAHOTO CUTHAIY
HOro 4aCTOTHOAMILTITY/IHI XapaKTEePUCTUKH.

Jliist BUSIBIICHHST OCKOJIKIB BUKOPUCTOBYIOTh €eKT IIIyMOBOi emicii. OCKITbKY Ha
ITOBEPXHI 3aBXK/IU € MOIIKOPKEHHS 1 1e()eKTH, 1 KOJIU 10 Hill MPOBECTH YUMOCH, TO
BUHUKAE MIyM. SIKIIO B3ATH 1 MPOBECTH YMMOCH IO M'SKMX TKaHWHAX 1 TBEPIOMY
npeaMery (OCKONKYy), TO Ha oOcuuiorpami OyayTh CIIOCTEPIraTHCh 3HAYHI
BiIMIHHOCTI. 3a paxXyHOK TaKOi Pi3HHUII ITYMIB MOXXHA TaKTHJIHHO JIarHOCTYBATH
MiCIl€ 3HAXOXKEHHS OCKOJIKA.

Takxum 9rHOM, HAIT IPUCTPINA Mae CKIIAIATHCS 13 TBOX YaCTHH: 1) 3MiHHA JeTallb, IO
BBOIMTBCS B IOpPAHEHHS; 2) OaraTopa3oBHii MPHUCTpi 3 MikpodoHoM s dikcarii
ITyMY 1 BiIMOBIAHAM MporpaMHuM 3ade3nedeHrsM (I13) amst oro o6poOKu.

3a OCKOJIOK Bi3bMEMO YIaMOK ITJIACTHKY — MOJIENb, SKY BiITBOPEHO METOIOM
3D-apyKy 3 MeETajeBOro MPOTOTHITY, OTPHUMAHOTO BiJl PO3PUBY KAaCETHOTO
Ooenpuniacy. Taki OCKONTKH MOXYTh yTBOPIOBATHCS IIICISI MPOIIMBAHHA KyJIEIO
TUTACTUKOBOTO 3aXHMCHOTO CHOPS/DKEHHS HEBHCOKOIO Kiacy 3axucTy. Posmip
[IMaToO4YKa IJIacTuka cTraHoBuB 1 cM Ha 0,5 cM. 3a TKaHHWHY JIFOIMHU B35TO IIMAaTOK
M'sica (iMiTatop), y SKOMy 3pOOHITH OTBip i BCTABUIIM OCKOJIOK, 3IMITYBaBIIH TaKIM
YUHOM OCKOJIKOBE TTOpaHEHHs. Takuil iMiTaTop BHKOPHCTAHO JUIA 3HAXOMKECHHS
ockonka B 3D-mpoekmii, mo 3MoXke MOJETIIMTH orepariro. BiamoBigHo 10
MIOJIOKEHHS BXITHOTO OTBOPY, MH MOXEMO BHM3HAUUTH IOYATKOBY TOYKY, a 3a
JOTIOMOTOI0 KyTa HaxMIIy — HONAJIBIINKA pyX OCKOJNKa. BpaxoByrounm wmicue, 1e Mu
BHU3HAYIIIA OCKOIIKH, 1 HaHICIIM Ha MIyH MOMITKH, K Yy JIHIMKH, MOXEMO IOBOIi
TOYHO BHU3HAYUTH MICIIe 3HAXOMKEHHS OCKONKa. 3a gomomoroio 3D-ckanepa Oymo
OTPUMaHO TPOCTOPOBY KapTHHY 3'€THAHHS JEMOHCTpPAaTopa B TpEHaXepi, 10
J03BOJISUIO YiTKO BU3HAYUTH IIOJOXKEHHS JIEMOHCTpAaropa HaBiTh 3a HASBHOCTI
PaHOBOTO KaHAJy CKJIaIHOI (OpMH. Y pO3CIUEHHX TKaHHHAX B3a€EMOJIiI0 MK 30HIOM
npuiIaay Ta JEMOHCTPATOPOM TAaKOXK OIIHIOBAJIM Bi3yaJbHO 3a JOIOMOTOO
Mikpockona. Ilicms koHTakTy Oyka 3 JMEMOHCTPAaTOpOM Ha eKpaHi ocmmiorpada
criocTepiranacsi KapTHHA HIyMOBOTO BHUIIPOMIHIOBAHHS, ITJJIaHA CIEKTPaIbHOMY
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aHaJTi3y Ha HU3BKUX 1 BUCOKMX 4acToTax. OTKe, BUKOPUCTAHUH MpUial T03BOJIUB
BCTAHOBUTH CEpeJHI 3HAUCHHS aMIUNTyl Ha (IKCOBAaHMX YacTOTax, LIMPUHY
CIEKTpa, OCHOBHI YacTOTH Ta TapMOHIKM M KOHKPETHHX YMOB KOHTAaKTY.
[Nonoxkennss nemMoHcTparopa (ikcyBanocss Ha PO3TOPTIi MO 4YacoBild oci, 1o
JI03BOJISUIO BU3HAYMTH MOTO TIONOXKEHHS Tepel BUAAJCHHSM. BHKOpUCTOBYIOUH
3D-monens cumynsTopa, KyT Ta JOBXKHHY BXOAY 30HAY MOXHA Oyao 4YiTKO
BHU3HAUUTH pO3TAllyBaHHS OcKonka B Timi. Ilicms mporo imitarop poscikain
CKaJIbIIeseM 1 TTIHIIETOM BUIAISUIA parMeHT.

OnHi€ro 3 HAHBaXKIIMBIILKMX CKIIAJIOBHX YCHIIITHOTO JIIKYBaHHS MOPAHEHUX € TIOBHUI
KOHTPOJIb Ha/1 O0IeM Pi3HOI IHTEHCHBHOCTI. Y BHIAKY CJIa0OKOro OOIo 32 Bi3yallbHOO
aHasoroporo 1kanor (BAILL 1040 mm) 3actocoByemo: Indynran, Keiinekc. Skiio
Oute cepenHboi iHTeHcuBHOCTI (BAILLL 40—70 Mm), 3actocoByemo: [H(ynran, Keiinekc,
Poninonr — 3i mBHAKiCTIO 6—16 MJI/TOI Yepe3 emigypasibHUN Katerep. Y BHIIAJKY
cwibHOro 6omo (BALL 70-100 mm) 3actocoByemo: [Hdynran, Keiinekc, Porminonr — 3i
IBHAKICTIO 616 Mi/ron  uepe3 emimypanbHuii  karerep, HanOydin. Takok
PEKOMEH IOBaHO 3acTocoByBaTH FOMepokc® IHram — iHAMBIAya bHUN MPUCTPIH, 10
NpU3HAYCHUH Uil iHTausmiifHoro BBeleHHs Merokendmypany. s  peanizarii
3a3HaYEHUX TEOPETHYHUX TIIONOXKEHb CKOPUCTAEMOCS IIPOrPaMOI0  CTATUCTUYHOT
00pobku excriepuMenTanbHuii  gannx "StargraphicCENTURION". Lls mporpama
JIO3BOJISIE HA OCHOBI BHECCHHX Y BUIVISIII €JICKTPOHHUX TaOIHUIb JaHUX EKCIIEPHMEHTIB
BUKOHYBAaTH yBECh HEOOXIIHWN KOMIUIEKC CTAaTUCTUYHOI OOpOOKM MmaHuX 1,
BHKOPHCTOBYIOUH TIeBHI KpuTepil momiOHocTi (f-kputepiii CrhiomeHTa, G-KpUTEpiid
Koxpena, kpurepiit [lipcoHa), poOUTH BUCHOBOK MO0 3HAYYIITOCTI TPUHHATHX TIIOTE3,
3aKOHIB PO3IIONLTY BEJIMYHMH Ta 1HITIOTO.

PosrnmsHeMo HaWmommpeHinn METOAW 3HAXOMKEHHS OCKOJIKIB B OpraHi3Mi
JIIOAMHYU B YMOBAaX IOJIbOBO1 Xipyprii.

Penmeenoecpaghisa € oqHUM 13 HAHTIOMUPEHIMINX BHUIIB TIarHOCTUKH. B OCHOBI
(hopMyBaHHA PEHTTEHIBCHKOTO 300pa)kKeHHS OCIHIIKYBAaHOTO OpraHy JIeKHTb
HEOMHOPITHE TIOTTIMHAHHS BUIIPOMIHIOBAaHHS TKaHWHAMH, a TaKOX CTOPOHHIMH
TiJaMy, 4epe3 IO BimOyBaeTbCs OCHaOIEHHS OCBITIEHOCTI IUIIBKH Ha Pi3HUX
ninsakax. [lincymxoBmii epekt y mpoMeHeBiil JiarHOCTHUIlI TIONATAE B HAIIApyBaHHI
300pakeHb OMHUX OpPTaHiB i TKAaHWH Ha iHIII, IO YCKIATHIOE 00'€KTUBHY Ta SKICHY
MIarHOCTHKY TATONIOTIYHUX TporeciB. Y PEHTIeHOMIarHOCTHIN BiIOyBa€eThCA
HaIllapyBaHHS Pi3HUX OPraHiB, PO3TAIIOBAHUX Ha IIUIAXY PEHTTEHIBCHKOTO IIPOMEHSL.

Komn'tomepua momoepaghia (KT) — me miarHOCTHYHHIA METOM, SIKUH MOXKHA
Ha3BaTH BIOCKOHAJIEHOI peHTreHorpadicro. Sk 1 TpamumiiiHuii peHTreH
KOMIT'FOTepHAa ToMOorpadist 3a0e3neuye 300paKeHHs 3a JOIIOMOTOI0 PEHTTEeHIBChKUX
npoMeHiB. OHaK HOro KOHCTPYKIIisl TO3BOJISIE CKAaHYBAaTH OPraHU OaraTolrapoBHM
METOJIOM, III0 J]a€ AyXe JeTaIbHY KapTUHKY 3 BUCOKOIO IIPOCTOPOBOIO PO3ALTEHOIO
3MATHICTIO. A  J0faTKOBa KOMITIOTEpHAa 00poOka 300pa)KeHHS JIO3BOJISE
Bi3yasri3yBaTH BHYTPIIIHI OpraHU YW CTPYKTYpy HE MPOCTO SK HaOip 3pi3iB, a sK
TPUBUMIpPHI 300pakeHHs, Jie MpPOOJIeMHY 30HY MOXKHa OIMITHYTH 3 YCiX OOKiB.
Komm'torepHy ToMorpagiro MOXXHa IPOBOIUTH 0€3 KOHTpAcTy abo 3 BBEACHHIM
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KOHTPAacTHOI PEUYOBMHHU BIANOBITHO [0 KOHKPETHOrO KIIIHIYHOTO 3aBIaHHS,
MOCTABICHOTO TMEpeA  PEHTIeHONOroM. 3aBASKH 00'€eMHOMY CKaHYBaHHIO
JIOKaNi3amilo OCKONKa MO)KHa BH3HAUMTH HabaraTo TOYHime, HDK Ha
PEHTTEHIBCHKOMY 3HIMKY, ITOXHMOKA BIZICTaHI ITiJl Yac TaKUX JOCITIKCHb CTAHOBUTh
6mm3bko 1 MM. Kpim Toro, 3aBAski MOKJIMBOCTI BBEIEHHsI KOHTPACTHOI pe4OBHHHU
MOKHA 3HAWTH HE TUTBKU YJaMKH 3aj1i3a, a i ynaMku iHmmx marepianiB. OQHak ciiijg
nam'sITaTH, IO HaifyacTinie K KOHTPAaCTHY PEYOBUHY BUKOPHUCTOBYIOTh HOTOBMICH1
3aco0M, TOMY MOXJIMBA anepris. Jljis MpoBeIeHHS TaKoro 00CTe:KEHHS 000B'sI3K0Ba
po0a Ha NIePEHOCUMICTb.

Maenimno-pesonancna  momoepagpis. (MPT) — ToMorpadiunuii  MeTo[
JOCIIDKEHHsI BHYTPIIIHIX OpraHiB i TKAHWH 13 3aCTOCYBaHHAM (Di3MYHOTO sIBUIIA
SIGPHOT0  MArHITHOTO PE30HAHCY. MeroJ 3acHOBaHMM Ha  BHUMIPHOBaHHI
ENIEKTPOMArHITHOTO BIATYKY aTOMHHUX sIJiep, HAWYacTillle siiep aTOMiB BOJHIO, a came
Ha iX 30yMKEHHI 3a JOIOMOIOI IEBHOT KOMOIHAIlli €IeKTPOMAarHiTHUX XBHJIb Yy
MOCTIHHOMY MAarHITHOMY IIOJIi BHCOKOi HampyxeHocTi. Lle HeiHBazuBHMIA MeTOI
MEIIUYHOTO OOCTEKEHHS, SIKHI IIIMPOKO BUKOPUCTOBYETHCS B MEAMYHIN JTIarHOCTHIT
Ta KOHTPOJI aJIeKBaTHOCTI JIiKyBaHHs mariieHra. Ha BigMiHy BiJ KOMI'tfOTepHOT
ToMorpadii Ta peHTIeHIBCLKOTO JIOCIIIPKEHHS, ITi]] YaC BUKOPUCTAHHS [IbOTO METOTY
OpraHi3M He TiJUIa€ThCs BIUIMBY IOHI3yIHOMOro BHIpPOMiHIOBaHHS. HartomicTh
300pakeHHsT (OPMYEThCSA IMiJ] BIJIMBOM IIOTY)KHOTO MAarHITHOrO TIOJNS Ta
CIICKTPOMATHITHUX XBWIb 13 3aCTOCYBaHHSAM KOMITIOTEPHOI OOpOOKH ISt
OTPUMAaHHS YITKOI JeTaiizamii M'SKAX TKaHWH, KICTOK Ta IHIIUX BHYTPIINIHIX
CTPYKTyp oprauismy. [l MmIBHIIEHHS  YITKOCTI  300pa)XeHHS  9acTo
BHUKOPHUCTOBYIOTh KOHTPAacTHI pedoBUHHU. Lleli Meron He MOXHAa BHUKOPHUCTOBYBATH
JUTS TIOITYKY YIIaMKiB 3aimiza. 3actocyBanHs MPT mporumokazaHo JomsiM, y SKHX
MOXYTh OyTH METaJieBi €JIEMEHTH: KapAiOCTUMYIISATOPH, TPOTE3H, OCKOIKH TOIIIO.
CunpHe MarHiTHe mone ToMmorpada Moke TPUTATYBATH 3aTi3HI MpenMeTH, sKi
MICTAThCSA BeepenuHi Tia. OCKOIKH TaKOK MOXKYTH 3MIIITyBaTHCS.

OctanHiM YacoM HaOyB TMOMIUPEHHS Memo0 MAcHIimonoutyKy. 3acTOCOBYETbCS
TIpH BUCIYEHHI paHW HEOMMMOBHMH MarHiTaMH 3 PO3PUBHHUM HaBaHTakeHHIM 100—
150 xr (mpn rmuboxomy 3aisranai 200-300). 3aBasku B3a€MOIii MarHITHHX TIOIIB
YAaMKH 3alli3a IPUTATYIOTHCS 10 MATHITY i, BIATIOBIIHO, TPU3BOIATE 0 YTBOPEHHS
ropOka Ha IMOBEPXHIi Tila, 3aBISKH SKOMY MOXHa 3pOOHTH BHCHOBOK PO MiCIIe
po3ramryBaHHS yiaamka. KpiM Toro, meld MeTOm BHKOPHUCTOBYETHCS 1 MiJ Yac
BHUTATAHHS OCKOIIKIB: PA30M 3 MarHiTOM OCTaHHIH BHIAISETHCS 3 TiJla MAI[iEHTA.

HaiimommpenimmmM Hareriep € memoo ynompasgykosoi diacnocmuku (Y3J1). Lei
METO]I ITOCTIHO BIOCKOHAIIOETHCS 1 Ha ChOTOMHI BiZIOMi MiHIrabapuTHI MpUCTpoi. Ale
B IILOMY METOIli 300payKeHHS Ma€e BHBOIMTHCS Ha 3aJIeXHUH Bin Baliaro ekpaH, 1o
o0MerKye HOro BUKOPHUCTAHHS B IONBOBUX YMOBaxX. [Hii BapianTu anaparis Y3/l nocutsb
rabapuTHi i SIKiCTh 00CTEXEHHsI TIAIIEHTA HAIIPSMY 3JIeKUTH BiJI IIOTO (pakTopa.

Memod npamozo cnocmepedsicenns — (GParMeHT BUSBISETHCS Bi3yalbHUM
CIIOCTEpEXEHHAM B peanbHoMy uyaci. Llefi Meron MOXIMBHH TiMbKH Ams
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(¢parMeHTIB 3 HU3BKOIO KIHETHYHOIO EHEpri€lo, ajieé HE TapaHTye IOBHOTO
3HaXOILKEHHS BCiX ()parMeHTiB.

Otxe, ocHosHuMU Memodamu Oiaenocmuku €: pentrenorpadis, MPT, V3JI, KT,
METOJI MOIIYKY 33 JOTIOMOTOI0 MarHiTy, METOI MPsIMOTO criocTepeskeHHs. OCHOBHUMH
HEJONIKAaMU IIUX METOMIB € HEMOXKJIMBICTh 1X 3aCTOCYBaHHS B yMOBaxX OOHOBHX Iii.
KpiM Toro, y Bumagkax IMEBHHX OCKOJKOBHX IIOpAaHEHb JCIKI BHUIM JIarHOCTUKU
MTPOTHITOKA3aHi, a JIeTKI B3arajii He MOKYTh BUSBUTH OCKOJIKH B TLJIi JIFOIIMHU.

I3 1ux mo3uuid MOIIyK MPOCTHX 1 HAaMIHHMX 3aCO0IB JIarHOCTUKU CTOPOHHIX
npeaMeTiB B OpraHi3Mi mnarjieHta (0e3 BHKOPHCTaHHS PEHTICHIBCHKHX arapaTis,
ckranaux cucreM MPT) y momboBuX ymMOBax € akTyaJbHOIO Ta HaA3BUYAWHO
BaKITMBOIO 33]1a4€I0 ChOTOJICHHS, BUPIIICHHS SIKOi MOXKE BPSATYBATH YKHUTTSI 1 3710pOB's
THCSY TIOPAHEHHX.

BukopucroBytoun 3D-monenn imiTaropa KyT 1 JOBKHHY BXOAy WIyIa,
MOMEPEeIHLO HAaM BJAJIOCS YIiTKO BU3HAYMTU MICIIC 3HAXO/DKEHHS OCKOJKAa B TiMi,
micist 4oro Oyjlno TPOBEIEHO pPO3pi3 iMiTaTopa HOXKEM 1 BHIYYEHHS OCKOJIKA
mineroM. OCKUIbKM 30HJ] pPyXaeThCs B PAHOBOMY KaHaji, TO Ha eKpaHi
ocimuiorpada  CrocTepiraeTbess 3HAYHMKA IIYMOBHH edekr, skuid Mae OyTH
HIBENTbOBAaHUH CIIeIiaJbHUM aJITOPUTMIYHAM 3a0€3IMEUCHHSIM, IO MOKPANIUTh
SIKiCTh CHTHAITY Ta ioro iHhopMaTiBHicTE. Hapasi Baanocs 3adikcyBaTu 3alIeKHICTh
aMILTITYIn Ta 62a30BOT YaCTOTH KOJMBaHB 3AJIEKHO BiJl IIOJIOXKEHHS OCKOJIKA Ta HOTro
pO3Mipy B paHOBOMY KaHall. 3aJeKHICTb (OPMH CHUTHAIY Bl THIy OCKOJIKa
moTpedye IMOMANBIIOro JOCHiKeHHS. [IpoBemeHO TakoK MEepeBipKy pPO3MOALTY
KOHTPOJIbOBAaHHUX TapaMeTpiB yCepeawHi Tpym, y MeKax omHiei BUOIpku. SIKmmo y
[IEpIIOMY BUIIAJIKy F'€HepallbHa CYKYIIHICTh JAaHUX Y LUIOMY He I1IKOPSIETHCS 3aKOHY
HOPMAaJILHOTO PO3IOAUTY, TO B IPYTOMY MAEMO TaKe MiIKOPEHHS, IO CBITYUTH PO
ICHyBaHHS BIIMIHHOCTEH cepes cepiii criocTepekeHb, y TOW Yac SK KOXKEH BUMIp
MOXE XapaKTepU3yBaTHCS CEpPeqHIM 3HAYEHHSM KOHTPOJIHOBAaHHUX MapaMeTpiB i3
LIECTUCUIMOBHUM IHTEPBAJIOM PO3CIIOBAHHS, IO BCTAHOBIIOETHCS CTaHAAPTHUMHU
CTaTHCTUYHUMH TIporeaypamu. OCKITBKHA TIONS PO3CIIOBAaHHS KOXHOI BUOIpKH
MTOPIiBHSAHHI MDK COOOI0 Ta IIOPIBHSAHHI i3 3araJdbHHM IIOJIEM PO3CIIOBAaHHS, TO
¢yHKIioHaNMEHA O0yMOBIEHICTh BiacyTHA. Tox 3 95 % imoBipHICTIO MOXHa
BBaXKAaTH, IO KOHTPOJIbOBAaHA aMIUIITYAa HE 3aJIEKUTH BiJ TOrO, SIKMM OCKOIOK
MICTUTBCS B PaHi, a NPOSBIISIETHCSI BUMIAAKOBUM YHHOM.

Jlo xoMIuIeKcy 3aco0iB JETOKCHKAIll TOpaHeHNWX 3ajydalid Mpenapard KCHUIIarT,
peocopOinakT, copOiakT, a y BHIIQJKaxX MPOTPECYIOUoi aprepiasbHOl imemil
3acTocyBaTu cxemy tepamii "Tpio": 6a3oBa Teparmis + Peocopbinakr 400 mi/mo0y,
Jlarpen 400 M/ o0y, L-aprinia 100 mi/no0y.

BucHoBkn

1. Hagano TeopernuyHe MigrpyHTS JUIs PpO3POOKM IPHHIMUIIOBO HOBOTO
THCTpYMEHTY JJIsl TIepEBIPKH paHEBUX KaHAJIIB.

2. BusBneHo (yHKIiOHaNbHY OOYMOBJIEHICTH KOHTPOJIHOBAaHWX CHTHANIB BiJ
($hopMH Ta THILy CTOPOHHBOIO IIpeMeTa B paHEBOMY KaHali. J(oBeneHo AOUiIbHICTh
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BHUKOPHCTAHHS SIK NTapaMeTp KOHTPOIBOBAHOI'O CHTHATY HOro 4aCTOTHOAMILTITYIH1
XapaKTEePUCTHKH.

3. loBeneHo QyHKUIiOHaNBHY OOYMOBIEHICTh INMPUHH CIEKTpPa CHTHATY
IIYMOBOI €MicCii B MOMEHT MEXaHIqHOIO KOHTAKTY 31 CTOPOHHIM MPEIMETOM Yy paHi,
fioro opMoIO Ta TUIIOM.

4. BuzHaveHo, 1110 BUKOPUCTAHHS ociiuiorpada 3 kaHajaoM CIIEKTPaIbHOTO aHai3y
JIO3BOJISIE TOCUTH TOYHO 11EHTHU(IKYBAaTH CTOPOHHIM HEPEHTICHOKOHTPACTHHIA MPEIMET

y paHi.
5. JloBezieHo, 110 pe3y/IbTaTUBHIM € MapaMeTp IUPUHU CMYTH IIIyMOBOI eMicii,
BOJIHOYAC MTapaMeTp aMILUIITYIM CUTHAJTYy TaKOi BJIACTUBOCTI HE BUSBUB.

Buecok aBrtopiB: Bixtop UepHsk — KoHIenTyamizamis, (opMaJbHHHA aHami3, NporpamHe
3a0e3nedeHHs, MEeTOONOris, Balijalls JaHWX, HAIMCAHHS — OpHTiHANbHAa dYepHeTKa; KocTaHTwH
KapnieHko — HarmucaHHS — ITeperIsy i pefaryBaHHs.

Monsiku, xepena pinancyBanns. BuciosmoeMo oasKy 3a COpUSHHS B HallMCaHHI Ii€] poOoTH
Haunionansaomy ¢ormy gociimkeHs Ykpaiau.
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DEVELOPMENT OF A DEVICE FOR THE DETECTION
OF NON-X-RAY CONTRAST FRAGMENTS IN THE WOUNDED
AFTER BURNT INJURIES

Introduction.Sincetheinjury often occurs not only with radiopaque fragments and
bullets, the diagnosis of the position of foreign bodies in the wound channel or the patient's
cavity is complicated. In the conditions of modern conflict, new types of weapons and striking
projectiles are used, and new materials, in particular modifications of plastic, are
increasingly used as bullets, projectile shells, and offensive and defensive grenades. Cases of
splinter damage to soft tissues by plastic and glass elements are increasingly common.
Plastic, getting into the human body's soft tissues, has the properties of the cores of bursting
bullets, significantly increasing the size of the pulsating cavity of the wound channel. At the
same time, the ability of plastic and glass to shatter in the body may require opening wounds
to treat and remove these foreign objects, increasing the trauma and prolonging the
rehabilitation period of patients. Searching for a fragment, especially a non-radiocontrast
one, in the wound channel is often difficult and long, which is associated with its insufficient
visualization, a change in the normal anatomy in gunshot wounds, and the difficulty of the
surgical search. Therefore, the search for simple and reliable means of diagnosing foreign
objects in the patient’s body (without the use of X-ray machines) in the field is an urgent and
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extremely important task today, the solution of which can save the lives and health of
thousands of wounded.

Conclusions. The article describes the prerequisites for the development of a new
method of diagnosing the presence of extraneous non-contrast fragments in a patient's
wound through direct contact. The use of the noise emission effect is described for the
detection of fragments. Due to the difference in noise, it is possible to tactilely diagnose the
location of the fragment. After experimenting with the biological model, it was possible to
record the dependence of the amplitude and base frequency of oscillations depending on the
position of the fragment and its size in the wound channel. The article also provides an
example of an effective pain relief scheme when searching for fragments.

Keywords: prerequisite, development, device, detection, debris, gunshot wounds.
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ASSESSING A CHILD'S BONE AGE USING DEEP LEARNING
ON HAND X-RAY IMAGES

Intriduction. Assessing children’'s bone age is essential for detecting growth and
developmental disorders. By comparing bone age to chronological age, physicians can
identify deviations and diagnose issues.

Methods. In this study, we used a neural network model to predict the bone age of
children based on X-ray images of their hands.

Results. The effectiveness of such application of the model is demonstrated in
comparison with the average error results on the validation dataset.

Conclusions.Ourstudy has demonstrated that the DenseNet169 architecture, when
integrated with patient gender information, can effectively predict bone age from X-ray
images, yielding competitive results compared to established models like Milvue. We hope
this approach will significantly improve prediction accuracy and provide deeper insights
into bone development. By focusing on critical anatomical regions and integrating relevant
clinical data, we aim to set new standards in automated bone age assessment, ultimately
benefiting pediatric healthcare.

Keywords: DenseNet169, Bone Age Assessment, X-ray Image Analysis, Statistical
Estimation.

Introduction

Assessing children's bone age is essential for detecting growth and developmental
disorders (Greulich, & Pyle, 1959). By comparing bone age to chronological age,
physicians can identify deviations and diagnose issues. Hand X-ray analysis is a key
tool in this process, offering a clear view of bone development. Automating this
assessment using neural networks improves accuracy and objectivity, reducing
human error (Lindner et al., 2020). In this study, we propose and evaluate a neural
network model trained on X-ray images, using mean absolute error as the metric.
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Recent advances in deep learning for predicting bone age have gained attention
due to their potential to automate and enhance accuracy in pediatric diagnostics
(Lindner et al., 2020; Jabbar, & Abdulmunem, 2023). Studies have shown the
effectiveness of convolutional neural networks (CNNs) in this domain (Tan, & Le,
2020; Huang et al., 2017). The RSN A Bone Age Challenge provided a large dataset,
benchmarking models like ResNet and DenseNet for bone age prediction (RSNA
Bone Age Competition Dataset: https://www.kaggle.com/kmader/rsna-bone-age).
DenseNet169, in particular, improves accuracy by incorporating patient data like
gender (Huang et al., 2017).

Data augmentation techniques, such as scaling, rotation, and flipping, have been
crucial in addressing image variability and preventing overfitting (Shorten, &
Khoshgoftaar, 2019). Including clinical features like gender further refines predictions
by accounting for biological differences in bone development (Jabbar, & Abdulmunem,
2023). Fine-tuning pre-trained models on medical datasets, such as ImageNet, enhances
performance and reduces computational demands (Tan, & Le, 2020).

Overall, the combination of deep learning architectures with large datasets
positions automated bone age estimation as a reliable tool in pediatric healthcare.
These advancements have the potential to surpass traditional methods in speed and
accuracy, making them valuable in clinical applications.

Methods

Model Architecture and Methodology. In this study, a transfer learning model
based on DenseNet169 was used for bone age assessment (Huang et al., 2017). The
model was adapted to work with X-ray images of hands and patient gender
information. In addition to the image, to enhance the accuracy of age prediction,
additional input—patient gender information—was included. This information is
first converted into numerical format and passed through a separate fully connected
layer with 32 neurons and a ReLU activation function.

The extracted features from DenseNet169 and the gender information are then
combined and passed through two fully connected layers with 512 and 256 neurons
respectively, before reaching the output layer with a single neuron and a linear
activation function, which predicts the age in months.

Data set's structure and properties. The RSNA Bone Age dataset (RSNA Bone Age
Competition Dataset: https://www.kaggle.comvkmader/rsna-bone-age) contained
12,606 X-ray images of hands with images distribution by children age (Fig. 1). The
dataset was divided into two independent groups: 90 % for model training and 10 % for
testing. The convolutional neural network DenseNet169 was employed for predicting
bone age as this model type is designed to perform image classification (Densely
Connected Convolutional Networks: https://arxiv.org/abs/1608.06993), Skeletal
Development of the Hand and Wrist (Greulich, & Pyle, 1959).

To further enhance the model's quality and address a wide range of potential
image imperfections, various data augmentation techniques were meticulously
applied (Shorten, & Khoshgoftaar, 2019; Jabbar, & Abdulmunem, 2023). These
imperfections, which could include issues such as dark or underexposed images,
misaligned or inverted images, and varying lighting conditions, have the potential to
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negatively impact the accuracy of the model. By applying data augmentation, we
aimed to simulate a broader variety of scenarios that the model might encounter in
real-world applications, thus improving its robustness and adaptability.

3000

2500

2000

1544

1000

0 50 100 150 200
Age, months

Fig. 1. Age category distribution

The data augmentation process involved a series of carefully selected image
transformations, such as scaling, shifting, rotation, zooming, and horizontal flipping.
Each of these transformations plays a crucial role in increasing the diversity of the
training data, which in turn helps to prevent overfitting — a common issue in deep
learning models where the model performs well on the training data but poorly on
unseen data. By exposing the model to a wider variety of augmented images, we
aimed to enhance its ability to generalize across different imaging conditions and
patient populations.

For the purpose of maintaining consistency in the input data, all X-ray images
were uniformly scaled to a resolution of 500x500 pixels. This standardization
ensures that the model processes each image with the same level of detail, which is
critical for extracting consistent features across the entire dataset. Additionally, to
further diversify the training data, transformations such as random rotation and
horizontal flipping were repeatedly applied, creating a more comprehensive set of
input images for the model to learn from (Alhassan, & Mumuni, 2022).

In addition to image augmentation, the age data was normalized to ensure that the
model could efficiently learn from it without being biased by the absolute scale of
the values. Gender information, another crucial input feature, was carefully
converted into a binary format, allowing the model to seamlessly integrate this
categorical data alongside the numerical image data during training. This
combination of data augmentation and careful preprocessing contributed
significantly to the model's ability to learn effectively from the available data,
ultimately improving its performance in predicting bone age (Fig. 2).
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41.3320.344195414 montks

54.092 76525818506 manths

95.852.37984521483 marths

167.43858337402344 months

Fig. 2. Example of a training batch

Two CSV tables were prepared for the RSNA Bone Age dataset: one for the
training set and one for the test set. These tables contain the following information:

* ID: A unique identifier for the X-ray image.

* BoneAge: The bone age in months, as determined by radiologists.

* Gender: The gender of the child ("1" denotes boys, "0" — girls).

Training and Evaluation. The model was trained using the L1 Loss function,
which measures the absolute differences between predicted and actual values. The
Adam optimizer, known for its efficiency in providing adaptive learning rates, was
employed during the training process. The model was trained for 100 epochs, where
an epoch refers to a complete pass through the entire training dataset. The primary
evaluation metric was L1 Loss, calculated on both the training and validation sets.
After 100 epochs, the model achieved a Mean Absolute Distance (MAD) of 5.2
months on the validation set, indicating reliable predictions for unseen X-ray images.
To monitor the optimization of the model's parameters, we tracked the loss function
throughout the training process. Fig. 3 illustrates the convergence of the loss
function, showing a consistent decrease over time, which indicates effective learning
by the model. Additionally, testing on a holdout test set confirmed that the model
generalizes well, providing similar MAD values (Fig. 5), where the actual values
versus predicted values on the validation dataset are shown.

Results

Throughout our research, we conducted a comprehensive comparative analysis
between our neural network model and the well-known French model, Milvue (Milvue,
n. d.), using a robust set of clinical data. The analysis focused on X-ray images of the
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hands, which represent one of the most reliable and widely used methods for assessing
bone age in both clinical and research settings. The hands contain numerous bones at
various stages of development, making them an ideal site for examining skeletal growth
and maturity, which is particularly relevant in pediatric assessments.

train_loss

test loss

0B

0ss

0.4 4 \

Y v -
20 a0 60 80 100
epochs

Fig. 3. Loss depending on the eras

Our findings showed that the L1 Loss for the Milvue model was 9.6 months, while
our model achieved an L1 Loss of 11.2 months. Although this 1.6-month difference
indicates that our model's accuracy is slightly lower, it is crucial to highlight that the
difference is relatively minor. Additionally, our model achieved a Mean Absolute
Distance (MAD) of 5.2 months on the validation set, indicating reliable predictions for
unseen X-ray images. The performance of our model falls well within the expected
range, particularly when considering results from the RSNA Bone Age test set. This
demonstrates that despite the slight discrepancy in accuracy, our model is still highly
capable of delivering reliable and clinically useful predictions.

The graph below provides a visual representation of the comparison between the
two models. The X-axis represents the actual chronological age of the patients, while
the Y-axis indicates the predicted age as calculated by the models. In the graph,
predictions made by our model are illustrated in blue, while those made by the
Milvue model are shown in red (Fig. 4-5).

This visual comparison shows that both models perform consistently across
various age groups, reinforcing the clinical utility of our model. The higher L1 Loss
in our model highlights areas for improvement, particularly in image preprocessing
and focusing on growth zones, which are essential for understanding skeletal
maturity. Our analysis reveals opportunities for enhancement. We plan to integrate a
more advanced architecture focused on regions of interest to prioritize the most
informative parts of the images for improved precision in bone age predictions.
Additionally, we will implement a dual-model approach: one model will segment
growth zones, while the other will predict age based on information from these
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regions. We will test this new architecture on the same dataset as our initial model to
ensure comparable results and validate its effectiveness with real clinical data. In
conclusion, our model shows competitive performance and potential for
development. By refining the architecture and targeting key anatomical regions, we
aim to achieve greater accuracy in bone age assessment.

Precicted Values. months

S

100 1

Pregicted by cur modes
Fredicted by Mivue

.
-

% 100 150
Real age. months

Fig. 4. Comparison our model with Milvie model.
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Blue dots denotes our model prediction, and the red milvue prediction
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o

0 50 100 150 200
Predictions, months

Fig. 5. Actual values versus predicted on validation dataset

Discussion and conclusions
Our study has demonstrated that the DenseNet169 architecture, when integrated
with patient gender information, can effectively predict bone age from X-ray images,
yielding competitive results compared to established models like Milvue (Milvue, n.d.).
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While our model had a slightly higher L1 Loss compared to Milvue, the difference
was minimal, underscoring the robustness of our model for clinical use. On the
validation set of the RSNA dataset, we achieved a MAD of 5.2 months. To further
improve prediction accuracy, we plan to implement a more advanced architecture
that focuses on regions of interest, particularly growth zones. This approach will
involve using a combination of models: one for segmenting growth zones and
another for predicting age based on these segments. We believe this will enhance the
precision of our analysis and improve the accuracy of bone age prediction. The new
architecture will be tested on the same dataset as our original model to ensure
comparability and will also be validated on real clinical data for practical application.
We hope this approach will significantly improve prediction accuracy and provide
deeper insights into bone development. In conclusion, our research highlights the
importance of continually refining deep learning models in medical imaging. By
focusing on critical anatomical regions and integrating relevant clinical data, we aim
to set new standards in automated bone age assessment, ultimately benefiting
pediatric healthcare.

Authors' contribution: Ivan Riabko — software, writing, original draft, methodology; Andrii Terets —
software, methodology, validation; Stanislav Riebienkov — conceptualization, methodology, formal
analysis; Sergiy Radchenko — writing, review & editing.
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MPOTHO3YBAHHA KICTKOBOI'O BIKY AITEH
3A 10IIOMOT'010 INIMBOKOTI'O HABYAHHA
HA OCHOBI PEHTTEHIBCbKHMX 3HIMKIB KUCTEM PYK

BcTyn. Yyvomy docaidxnceHHi po3po61eHo Modesasb Ha OCHO8I HelipOHHOT Mepedici 0151
npozHo3yeaHHs 6iKy Kicmok y dimell, BUKOpUcmog8y4u peHmzaeHiecbKi 3HIMKU IXHIX pYK.
Mema po6omu noasizana e po3po6yi ma oyiHoeaHHi edhpekmusHocmi makoi modeni 015
nideuujeHHs1 mo4Hocmi diazHocmuKu 8 nediampii.

MeTtoau. /Jaa docicHeHHAa Yyiei mMemu Gy/n0 8uKopucmaHo nidxid nepeHeceHHs
Hags4aHHsA Ha ocHosi apximekmypu DenseNet169, sikuii 00380.15€ 06p06.11Mu 306paAHCEHHS
pyk ma dodamkogy iHopmayilo npo cmams nayienma. Memoduka eKaw4aad
Macwuma6yeaHHs1 306padiceHb do po3mipy 500x500 nikcesis, Hopmasi3ayilo daHux 8iKy ma
nepemeopeHHs iHhopmayii npo cmame y 6inapHuii hopmam. /[as nidsuwyeHHs ssKocmi
Modesi 6y/10 3acmoco8aHo memoodu po3wupeHHs1 0aHUX, Maki sIK macuma6yeaHHs,
noeopom, 3MiWeHHs ma 20pu3oHMa/abHe 6idd3epkaseHHsA 306paxceHv. Kpim moezo,
Modesb Gyna 000Npayb08aHA UWLISIXOM BK/1I04eHHSI 000amKOo8UX NOBHICMIO 38's3aHUX
wapis 0151 NOKpawjeHHs1 NPO2HO3Y8AHHA 8IKY.

PesysnabTaTu. OmpumaHi pe3yssmamu noKasaau, wo cepeoHs a6GCoAI0MHA
noxu6ka (MAE) modeni cmanosuaa 6,506 micsiyie, ujo caiduums npo 8uUcoKy 30amHicms do
Yy3az2a/bHeHHS ma adeKeamHe Npucmocy8aHHs 0o HO8UX OAHUX.

By cH o BKU. [[pakmuy4Ha yiHHicmb Yiei po6omu nois2a€ 8 momy, ujo Moaoes1b Modice
6ymu edhekmugHO 8UKopucmaHa y nediampuyHiii diaznHocmuyi 0151 a8mMomMamu308aHO20
B8U3HAYeHHs 8iKy KICMOK, ujo 3Ha4HO cnpowye ma npucKoploe yeii npoyec.

Kinw4yoBi ciaoBa: DenseNet169, npo2HO3y8aHHs 6IKY KICMOK, peHmM2eHi8cuKi
3HIMKU, cmamucmuyHe OyiHI08AHHA.
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MO/IU®IKOBAHI AJITOPUTMH JIIHIMHOTIO CKAHYBAHHA
B KOMIT'IOTEPHII TOMOTPA®I|

B cTy n. Y yiii po6omi dociidzcyemvca ma anaizyemecs edhekmueHicms HOB020 nioxody
do komn'tomepHoi momozpadhii, wjo 6azyemvca Ha memoduyi KoHycHoi momozpadbii 3
B8UKOPUCMAHHAM NPSAMOIHITIHOT mpaekmopii pyXy dxcepesia eaunpomiHioeaHHs. CmaHdapmHi
HabaudiceHi Memodu peKoOHCMpYKyii, nonpu ixHi0 weudKicms, Modxcyms npuzeodumu 0o
3HUMCEHHS IKOCMI 306padceHy, W0 KPUMUYHO 0141 0ia2HOCMUKU, HANPUK/ad, npu 6us16/1€HHI
HO80YMB0peHbL MA/1020 pO3MIpPy HA pAHHIX cmadisix.

MeTo0 A u. 3anponoHosaHuii nidxio, 3acHO8AHUIl HAO MOYHUX Memodax peKOHCMPYKYii,
momy npoekyitiHi daHi, ompumati 8id makoi zeomempii ckaHy8aHHs, N08HI, ujo 038015€
o4iKyeamu moYHYy ma 6UCOKOAKICHY PpeKOHCmpYKyilo o06'ekma. OJHAK npakmu4He
3acmocyeaHHs1 makoi zeomempii CKAHy8aHHSA Mda€ neeHi HeAoiKU ii 06MeHCeHHS, momy
nponoHylomucs Kiibka eapiaHnmie modcausux modugpikayiii anzopummy.

PesyabTaTu. Y cmammi HasedeHo pe3ysbmamu docaidxiceHHsA egheKmueHocmi
Memodie peKoOHCMPpYKYii 306pasiceHb HA 0CHOB8I M0Je/1108aHHS1 PI3HUX CYeHapiie CKAaHy8aHH:I.
Pe3ynemamu cgidyams npo 8UcoKy mo4Hicinb peKOHCmMpYKYii y sukopucmaHHi KeadpamHo-
3amKHeHoi mpaekmopii 3a 06MedceHoi d0831CUHU X0dy 8UNPOMIHIO8AUA.

B U cH o0 BKHU. Po3po6.1eHo aHaaimu4HuUll a120pumm peKkoHCmpyKyii ma npogedeHo iiozo
NOpieHsIHHA 3 KJjAacudHUM ajazopummom Peavdkamna-/esica-Kpeiica. Pe3yassmamu
nokasanu, ujo Hosuii as120pumm 3a6e3neqyye mo4Hiuly peKoHcmpyKyilo ma weuduty o6po6Ky
JdaHux, wjo cnpusimume noinuwieHHio diazHocmu4Hux npoyedyp y medu4Hitl npakmuyi,

KnwuyoBi caoBa: komn'tomepna momozpagis, KOHycHuii npomiHs, MeduyHa
diazHocmuka, mpusumipHa peKOHCMpYKYisi.

Beryn
BinbImmicTs anropuTMiB KOMITT0TepHOI TOMOTpadii SIKi BHKOPHCTOBYIOTh Y MEIITIHIX
JIOCITI/DKEHHSIX HaJIeXKaTh /10 HaOIMKeHnX MeToIiB pekoHCTpyKIii (bynasid Ta iH., 2017,
Fu, Tseng, & Vedantham, 2024). Hacammepen une moB's3aHO 3 aJrOPUTMIYHOO
MIPOCTOTOI0 TAKUX METOMIB 1 IIBUAKOIEIO, IO JTO3BOJNISIE OTPUMYBATH Bi3yatizalliro
BHYTPIIIHIX OopraHiB y peanpbHOMY Yaci (Tao et al., 2020). HegomikoM Takoro mimxofy €
TIOTIPIIIEHHS SKOCTi 300paXkeHb Ta Oibina KUTbKicTh mrymiB (Withers et al., 2021), mo
MOXKe OyTH KPUTUYHUM JJIsl BUSIBIICHHS PaKy Ha PaHHIX CTaJlisIX.
© JlanitaH KocrsanTul, Hemuenko Kocraurus, JlictpoBa [lap's, 2024
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[HmmM  migxomoM 10 pPO3B'A3aHHS 33734l TPUBHMIPHOI PEKOHCTPYKII €
BUKOPHCTAHHS TOYHHUX METONIB PEKOHCTPYKLil. Taki METOOH BiAPI3HSIOTHCS THM,
0 TPAEKTOPisS pyXy BUIPOMIHIOBa4Ya 30ira€TbCs i3 IUIOMIMHAMU,YB SKHX
BinOyBaeTbesi pekoHcTpykuis (Haltmeier, 2014; Smith, 1990). Takuii migxix 1o
CKaHyBaHHS Ha/Ia€ 3MOTY OTPHMATH MOBHUK HA0Ip AaHUX MPO BHYTPILIHI CTPYKTYpH
o0'ekTa Ta OTpUMATH SIKICHE AeTallbHE 300pa)keHHS. 3BUYHOIO MPOOIEMaTHKOIO
TaKMX METONIB € OOMEXKEHICTh 3aCTOCYBaHHS 4epe3 CKJIaJHy TIeOMETPiro
CKaHyBaHHs, K Hampukiaa cdepa, IpoMeHEBe HaBaHTAKEHHs Ha TalieHTa abo
HE3aJ0BUIbHUI Yac pPEKOHCTPYKIii. Buxomom 3 miei cutyallii € BHKOPUCTaHHS
METOJMKH CKaHyBaHHS, WIO 33J0BOJIbHSE MaTeMaTW4Hi YMOBH  TOYHOI
PEKOHCTPYKII1, aJie TPAEKTOPis BUIPOMIHIOBAaYa 3aIHIIAETHCS JOCUTH MPOCTOIO JIIS
TEXHIYHOI peasizaiii Takoro amapara (Weiwen, Chao, & Fenglin, 2016).

Mema yici’ pobomu nonsrae B JOCTIPKEHHI METOJMKHA KOHYCHOI ToMorpadii 3
BHUKOPHCTAHHSM MPSAMOIIHIIHOT TpaeKTopii pyXy JKepeia BUIPOMiHIOBAHHS.

3asoannam pobomu: po3poOKa AHANITUYHOTO alTOPUTMY PEKOHCTPYKILIi 3
BHUKOPHCTAHHSM JIIHIHHOT TeoMeTpil CKaHyBaHHS, HAlIMCAHHS KOMITFOTEpHOT MOJIeNi
Ui TiepeBipkH  e(DEeKTUBHOCTI pPOOOTH pPO3POOJICHOrO alTOPUTMY, a TaKoXK
MOPIBHSIHHS PE3y/IbTaTIB HOBOI METOAMKHA 3 ICHYIOUMM IIIIXOIOM, TaKUM SIK
anroput™ Penpaxammna—/leBica—Kpeiica (FDK).

Metoau

JL1st oTpuMaHHS aHATIITUIHOIT (POPMYITH pEKOHCTPYKITii OyII0 3aCTOCOBAaHO METOIH
IHTErpaJbHUX TepeTBOpeHb. KoMIT'toTepHa IIporpaMa uisl IepeBipKH aHATITHIHOTO
anroputMmy Oyna Hamucana Mool C#. Po3paxyHOK pEeKOHCTPYKIIii BimOyBaBcs Ha
noytOyii Acer NITRO 5 i3 nenrpaisaum nporecopom 11th Gen Intel(R) Core i
5-11400H 3 TakroBoto yacrororo 2.70 I'Tw.

Pe3yabraTn

PosrsiHeMo TprBHMIpHY TIPOEKIiI0 00'€KTa Ha TUIACKui marduk. [lpumyctimo, mo
TOYKOBHI BHUIIPOMIHIOBAaY PYXA€ThCS B3IOBK HECKIHUEHHOI MPSIMOI 1 HOTO TO3MIIis
BU3HAYAETHCS KOOPAMHATOIO Xo. Marpuis JeTeKTOpiB, IO XapaKTepHU3yeThCs
KoopmuHaTaMH X Ta Y, po3pallioBaHa Ha BiAcTaHi H Bim TpaekTopii pyxy
BumnpomintoBada (puc. 1). Ilpm Takiii reomerpii ckaHyBaHHA TPOMEHI KOHYCHOTO
BUTIPOMIHIOBAaHHS YTBOPIOIOTH TIOXFUTI TUTOIHHH, III0 IEPETHHAIOTHCS B3/IOBXK CITLTHHOT
TIPSIMOI, SIKA € TPAEKTOPIEI0 PyXyY BUIIPOMiHIOBada. Taka ocoONMmMBicCTh JHIHHOI TeoMeTpii
JO3BOJISIE TIEPETBOPUTH TPUBUMIPHY 3a/ady PEKOHCTPYKINi BHYTPINIHIX CTPYKTYp
o0'ekTa, Ha CKiHYEHY KUIBKICTh JBOBHUMIPHUX 33/1ad PEKOHCTPYKIIH y TMOXMINX
TUTONMHAX, B KOKHIH 3 SIKUX BUKOHYETHCSI YMOBA ITOBHOTH JIAaHUX.

JJig po3TIISIHYTOrO BHITAIKy HECKIHYEHHOI MPSAMOI, Y3I0BXK SKOI MPOBOIUTHCS
CKaHYBaHHS, Pe3yIbTyI0Ue 300paKeHHsI He 3a3Ha€ HaOMMKeHb Ta apTredakTiB, ajie
peanbHi amapaTd MaloTh OOMEXKEHHsS B JIHIMHMX po3MipaX Ta B TOTYKHOCTI
BurnpoMiHioBaHHs. Came TomMy Tpeba mpoBecTH MoxuQiKalilo aHaJITHIHOTO
AJITOPUTMY 3 ypaxyBaHHIM IIUX OOMEKEHb.
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Puc. 1. CkanyBaHHS KOHYCHHM NPOMeHeM y30B:K NPSAMOI JiHii

Takoro MoaudiKaIliero CTaI0 BUKOPUCTAHHS KITBKOX CEPiii TOCII B 3 TOBOPOTOM
CHCTEMH BHIIPOMIHIOBaYa Ta JIETEKTOpa HABKOIO 00'ekta. Halikpammx pe3ynbrariB
BJIAJIOCSl JIOCSITTH MMiJ] Yac CKaHYBAaHHsS IO 3aMKHEHIH KBaJpaTHid Tpaekropii 3
OOMEXEHHSIM JIOBKUHU TIpAMoi Xy y 768 MM 3a po3MipiB 00'ekra 256x256 mm. J{ns
MOPIBHSIHHS ~ €(EKTUBHOCTI  pO3pPOOJEHOr0  ainroput™My  Oyjao  3amyIieHo
PEKOHCTPYKIIiI0 00'€KTa, 0 CKIaJa€eThes 13 6 miapiB Ta po3Mipamu 256x256 M.
PexoncTpykitisi mpoBomuiiack jgBoma ajroputmamu: Penbakamma (FDK) Ta
pO3pOOJIEHNM aJTOpUTMOM JiHiitHOro ckamyBaHHsA (LSG), micms doro Oymo
00YHCIIEHO CEepeNHBOKBAAPATHYIHE BIMXWJICHHS BIZHOCHO opuTiHAy. OpuTiHaIH
TIOTIEPEYHOTO TEPETHHY IPENCTABICHO Ha pHUC. 2, pe3yasTar poOOTH alTOpPUTMIB
mpencraBiieHo Ha puc. 3 1 4. JlaHi mopiBHSIHHS HaBeneHO B Ta0M. 1.

Puc. 2. Opurinan nonepeyHoro nepeTuHy 00'ekra
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©ee

Puc. 3. PexoHcTpyKIis monepe4yHoro nepetuny aaroputmom LSG

Puc. 4. PexoHcTpyKuisi monepeyHoro nepeTudy aaropurmom FDK

Taonuua 1
Po3paxyHok cepelHLOKBAPATUYHOr0 BiIXMJIEHHSI PEKOHCTPYKIIIT
Homep mapy LSG FDK
0 5,4 9,47
3 5,28 9,53
6 5,42 9,67
9 5,83 9,56
12 8,48 10,08
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Juckycisi i BHCHOBKH

[lopiBHsIHO 3  KJIACHYHMM  ajJrOPUTMOM  TPUBHUMIPHOT  PEKOHCTPYKLIi
BHUKOPHCTAHHS MPSAMOI JiHIi SK TeoMeTpii cKaHyBaHHS Aa€ OUIbIIY MPOEKLIAHY
MOBHOTY JIaHUX, 110 3a0e31euye OLTbII TOYHY Ta JACTaNIbHY PEKOHCTPYKIIIO 00'€KTa.
Merton Bce 11e 3a3Hae apredakTiB Yepe3 HAOMMKEHHS, ajie BOHM 3HAYHO MEHIII 1
JO3BOJISIIOTh  OTPUMATH  SIKiCHE TPENCTABICHHS MPO PO3MOALT 0COOIMBOCTEH
CTPYKTYpH TiJla 3a OLTBIIMX KyTiB KOHYCHOCTI IPOMEHSI, HiXK MPU 3BUYHUX METOAAX
nociimkerns. [lopiBHsHO 3 kiacuuHuM anropumtoM FDK HaBemeHuit airoputm
00po0nsie naHi mBUAMIE B 2.25 pasa, 10 HaA3BUYaiHO BaXKIMBO Y BUTIAJIKY BEIUKOTO
o0csry maHux abo BENHKOI KUTBKOCTI PEKOHCTPYKIIH Y pealbHOMY Yaci.

Buecox aBrtopiB: Koctsutna Jlamitan — mnporpaMHe 3a0esredeHHs, (opMalbHHI aHai3,
HaITCaHHS — OpUTriHaIbHa YepHeTka; KoctsaHTHH, HeMueHKko — KOHIeNTYyai3amis, BaJIiIalis TaHuX;
Hap's JlicrpoBa — nmporpamue 3a0e3neUeHH s, HAITMCaHHs — ITepervIs i pearyBaHHsI.
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MODIFIED LINEAR SCANNING ALGORITHMS
IN COMPUTED TOMOGRAPHY

Introduction. This paper investigates and analyzes the effectiveness of a new approach
to computed tomography, based on cone-beam tomography using a linear trajectory of the
radiation source. Standard approximate reconstruction methods, despite their speed, can lead to
a decrease in image quality, which is critical for diagnostics, such as detecting small-sized tumors
at early stages.

Methods. The proposed approach is based on exact reconstruction methods, where the
projection data obtained from such scanning geometry is complete, allowing for an accurate and
high-quality reconstruction of the object. However, the practical application of such scanning
geometry has certain drawbacks and limitations, so several possible modifications of the
algorithm are proposed.

Results. Additionally, the paper presents the results of a study on the effectiveness of
image reconstruction methods based on simulations of different scanning scenarios. The results
indicate high reconstruction accuracy when using a square-closed trajectory with a limited path
length of the radiation source.

Conclusions. Ananalytical reconstruction algorithm was developed and compared with
the classical Feldkamp-Davis-Kress (FDK) algorithm. The results showed that the new algorithm
provides more accurate reconstruction and faster data processing, which will contribute to
improving diagnostic procedures in medical practice.

Keywords: computed tomography, cone-beam, medical diagnostics, three-dimensional
reconstruction.
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SECONDARY CANCER RISK ASSESSMENT OF PELVIC CONE BEAM
COMPUTED TOMOGRAPHY IMAGING PROTOCOLS

Introduction. This study evaluates the secondary cancer risks associated with
low-dose ionizing radiation from pelvic cone beam computed tomography (CBCT) imaging
protocols in the context of image-guided radiotherapy (IGRT).

Meth ods. Theresearch identifies that effective dose varies significantly with protocol
choice and field size; larger fields result in higher doses, emphasizing the need for
optimization to balance diagnostic accuracy with safety.

Results. Protocols such as Pelvis Fast, characterized by reduced default mAs and
shorter scan times, demonstrate substantially lower effective doses compared to alternatives
like Pelvis Large, translating to a decreased excess absolute risk (EAR) for secondary cancer
development. Utilizing the BEIR VII model for risk assessment, the study underscores the
importance of selecting imaging protocols with lower EAR values to mitigate secondary
cancer risks effectively.

Conclutions. These findings highlight the critical role of protocol selection in
reducing radiation exposure while maintaining high image quality, providing valuable
guidance for enhancing patient safety in medical imaging practices.

Keywords: lowdoses, risk assessment, linear accelerator, anthropomorphic phantom.

Introduction

In image-guided radiotherapy (IGRT), cone-beam computed tomography (CBCT)
plays a pivotal role in ensuring accurate patient positioning and treatment verification.
As a key component of radiation therapy, CBCT has significantly improved the
precision of delivering prescribed doses to targeted treatment sites. Although the
radiation dose associated with CBCT is lower than therapeutic doses, the cumulative
effect and potential long-term consequences warrant careful consideration (Iliopoulos
et al.,, 2023). The additional radiation exposure from CBCT raises concerns about
potential risks, such as the development of secondary cancers. Therefore, optimizing

© Osman Sundus, Venskauskaité Reda,
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CBCT protocols to deliver the lowest possible imaging dose while maintaining image
quality is essential for accurate verification (Khan et al., 2022). Balancing dosage is
critical; lower dosages might risk cancer recurrence, while higher dosages increase
potential damage to healthy tissues (Simonetto et al., 2021). Currently, assessing
cancer risks from low-level carcinogen exposure relies on uncertain extrapolations
from bioassay data, subjective human judgment, and the controversial linear no-
threshold (LNT) dose-response model for estimating cancer risks at low doses (Lau et
al., 2021). This study aims to calculate and evaluate the potential secondary cancer risk
associated with various pelvic CBCT imaging protocols.

Methods

In this study, image-guided radiotherapy was conducted using a Halcyon 3.0
linear accelerator, which integrates advanced imaging technology to enhance
treatment planning and delivery for oncology patients. Cone beam computed
tomography (CBCT) with full 360° rotational scanning was employed at a fixed field
of view of 49.2 cm, ensuring high-resolution images with a matrix size
of 512 x 512 pixels and a slice thickness of 2.0 mm.

An anthropomorphic phantom (801-P-A; CIRS, Norfolk, VA), the Virtual Human
Male Pelvis Phantom Sectional without holes, was used. The experimental setup
involved the alignment of the anthropomorphic phantom with the built-in lasers and
positioning of the phantom at the isocentre following standard alignment procedures
at the Halcyon facility (Fig. 1).

Fig. 1. An anthropomaphic phantom‘ in the left alignment of the laser am

Various field of view sizes FOV (3.3 x3.3cm?, 5 x5cm?, 10 x 10 cm?, and
14 x 14 cm?) were systematically assessed to investigate their influence on dose
distribution across multiple CBCT imaging protocols (Fig. 2 and Table 1). All
measurements were conducted in QA mode
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Fig. 2. Visual representation of the pelvis
in varying positions during the CBCT examination on the right,
with the field size selection process during the CBCT on the left

Table 1
Predetermined configurations for the Halcyon 3.0 kV CBCT protocols
Protocol Energy, Default, Scan CTDlvol, | Field size, DLP,
keV mAs time, s mGy cmxcm | mGy*cm

14x14 599.9

. 10x10 429.5
Pelvis 125 1074 36.7 21.48 x5 215.2
3.3x3.3 140.5

14x14 330.7

. 10x10 236.9
Pelvis fast 125 592 21.2 11.84 Ex5 1195

3.3x3.3 77.5
14x14 1037.6
Pelvis 10x10 766.4
large 140 1456 40.6 38.44 x5 3838
3.3x3.3 252.3

14x14 514.6

Pelvis 10x10 368
large fast 140 698 24 18.43 5%x5 185.3
3.3x3.3 123.4

The effective doses calculated from dose length product (DLP) using equation
(1) from AAPM report 96 (Altergot et al., 2023), are shown below:
where £ for pelvis = 0.015 (Buxi et al., 2014). The excess absolute risk (EAR) was
calculated using the Biological Effects of Ionizing Radiation (BEIR VII) model:
EAR = BsD exp(ye") ()", )
where D is the dose (Sv), e is the age at exposure (years), e* is the attained age
(years), Bs stands for the excess relative risk per sievert (ERR/Sv), vy and n being
associated parameters for ERR/Sv. The age of exposure was standardized at 30 years

ISSN 3041-1491 (Print) 337



IHHOBaNiliHi TexHOoJIOTii B MEAUIIUHI

(e=30), and the age attained was set at 60 years (¢ =60) as a conservative
assumption. By setting e* to 0 when e equals 30 (Altergot et al., 2023). The
adjustment function in equation (2) is eliminated, leading to a simplified equation
for calculating the EAR:

EAR = BsD. 3)
In the BEIR VII report (National Research Council (U.S.). Committee to Assess Health
Risks from Exposure to Low Levels of lonizing Radiation, 2006), the relevant model
parameters for prostate secondary cancer are provided in Table 2. These parameter
values are used to calculate the excess absolute risk for prostate secondary cancer.

Table 2
Parameters in (BEIR VII model — Phase 2, table 12-2) for prostate secondary cancer
Model parameter Male
Bs 0.11
r -0.41
n 2.8

Results

An analysis of kV-CBCT pelvis region protocols revealed significant variations
in effective dose and EAR values across different protocols and field sizes. Table 3
summarizes the calculated effective doses and EARs for each protocol and field size
combination (Fig. 3). Protocols with higher default mAs and longer scan times
resulted in higher effective doses and EARs. The Pelvis Fast protocol demonstrated
lower effective doses and EARs compared to the Pelvis protocol. Increasing the field
size consistently led to higher effective doses and EARs.

Fig. 3. Visualizing the impact of field size on pelvic CBCT Imaging
A Comparison of 5 cm x 5 em(right) and 10 cm x 10 cm(left) Field Sizes
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Table 3

Presents the predetermined configurations for the Halcyon 3.0 kV CBCT protocols
Energy | Default S_can CTDlvol |Field size DLP Etfective

Protocol (keV) | (mAs) time (MGy) | (cmxem) | (mGy*cm) dose |EAR
(s) (mSv)

14x14 599.9 9.00 0.99

. 10x10 429.5 6.44 0.71

Pelvis 125 1074 | 36.7 | 21.48 Ex5 2152 322 035

3.3x3.3 140.5 2.10 0.23

14x14 330.7 4.97 0.55

Pelvis 10x10 236.9 3.56 0.39

fast | 12° | 992 |22 1184 o g 119.5 180 | 0.20

3.3x3.3 77.5 1.16 0.13

14x14 1037.6 16.11 1.77

Pelvis 10x10 766.4 1194 | 1.31

large | 140 | 1496 4061 3844 g 3838 | 576 | 063

3.3x3.3 252.3 3.78 0.41

14x14 514.6 7.73 0.85

Pelvis 10x10 368 5.52 0.61

large fast| 140 | 698 | 25 | 1843 o g 185.3 278 | 031

3.3x3.3 123.4 1.85 0.20

It was observed that increased field sizes are associated with higher effective dose
values (Fig. 4), whereas reduced field sizes correspond to decreased doses. This
emphasizes the significance of adjusting the dimensions of the field to achieve a balance
between diagnostic requirements and ensuring radiation safety. Healthcare providers can
reduce patient radiation exposure by using lower (Iliopoulos et al., 2023) field sizes
wherever feasible, without affecting the quality of imaging. Optimal modifications to the
size of the field in CBCT imaging for pelvic examinations are essential maintaining the
delicate balance between accuracy in diagnosis and patient safety.

A clear positive correlation exists between effective dose and EAR (Fig. 5). As
the effective dose increases, the EAR for cancer development also shows a
corresponding increase. This underscores the importance of minimizing radiation
exposure during medical imaging procedures to reduce the associated cancer risks.

The significant variations in excess absolute risk (EAR) values across different pelvic
CBCT protocols and field sizes. Notably, the Pelvis Fast protocol demonstrated a
substantially lower EAR of 0.55 compared to the Pelvis protocol's 0.99, reflecting a 44 %
reduction in cancer risk associated with the lower effective dose (4.97 mSv vs.
9.00 mSv). This finding highlights the importance of selecting appropriate protocols to
minimize the risk of radiation-induced secondary cancers in patients undergoing pelvic
imaging. While higher effective doses can offer benefits in terms of enhanced image
quality and diagnostic accuracy, they also lead to increased cancer risks. Therefore,
healthcare providers must carefully balance these competing factors. For patients where
high-quality imaging is crucial, alternative imaging modalities with lower radiation
doses should be explored whenever possible.
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Fig. 5. Correlation between effective and excess absolute risk (EAR)
in different pelvic CBCT protocols

This study emphasizes the importance of implementing several optimization
strategies to minimize radiation exposure during CBCT imaging. These include:

e Lowering mAs settings: Reducing mAs settings can significantly decrease
effective dose and EAR. For example, switching from the 1456 mAs default in the
Pelvis Large protocol to the 698 mAs in the Pelvis Large Fast protocol resulted in a
63 % reduction in effective dose (from 38.44 mSv to 18.43 mSv) and a
corresponding decrease in EAR.
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e Reducing scan times: Shorter scan times lead to lower radiation exposure. In
our study, the Pelvis Fast protocol with a 21.2 s scan time achieved an effective dose
0f 4.97 mSv and an EAR of 0.55, significantly lower than the 36.7 s scan time in the
Pelvis protocol which resulted in an effective dose of 9.00 mSv and an EAR of 0.99.

e Optimizing field size: As demonstrated by our findings, smaller field sizes
significantly reduce radiation exposure. In the Pelvis Large Fast protocol, a
10 x 10 cm field size yielded an effective dose of 5.52 mSv and an EAR of 0.61,
compared to 1.85 mSv and 0.20 respectively for a 3.3 x 3.3 cm field size. This
represents a 67 % reduction in effective dose and a 68 % reduction in EAR,
highlighting the substantial impact of field size optimization.

By adopting these optimization strategies, healthcare providers can effectively
minimize radiation exposure during CBCT imaging, leading to a significant
reduction in the risk of secondary cancers for their patients. This study provides
valuable insights for optimizing CBCT protocols and ensuring safe and responsible
medical imaging practices.

Discussions and conclusion

The study demonstrates a clear correlation between CBCT field size and effective
dose: larger fields result in higher radiation exposure, highlighting the importance of
optimizing field sizes to reduce risks. Specifically, the Pelvis Large Fast protocol's
smaller field size (3.3 x 3.3 cm) yielded a significantly lower effective dose of
1.85 mSv compared to 5.52 mSv from a 10 x 10 cm field. Moreover, selecting the
appropriate imaging protocol significantly impacts secondary cancer risk, as
evidenced by the lower EAR of 0.55 in the Pelvis Fast protocol compared to 1.77 in
the Pelvis Large protocol. These findings underscore the need for careful protocol
selection and field size optimization to enhance patient safety by minimizing
radiation exposure and associated cancer risks.
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OLIIHIOBAHHS PUSUKY BTOPUHHOTI'O PAKY
3A IOIIOMOTOI0 TIPOTOKOJIIB BI3YAJII3ALIIF TA30BOI KOHIYHO1
IMPOMEHEBOI KOMIT'IOTEPHOI TOMOTPA®IL

BcTtyn. Y yvomy docaiddiceHHi oyiHIOI0MbCA pU3UKU 8MOPUHHO20 PAKY, NO8'A3aHI 3
HU3bKUMU 003aMu I[OHI3yI04020 GUNPOMIHIOBAHHS, 3a O00NOMO02010 NPOMOKO/i6
gi3yanizayii ma3080i KoHycHo-npomeHegoi kKomn'tomepHoi momoezpadpii (KIIKT) y
KoHmekcmi npomeHegoi mepanii 3 8izyaabHum konmposaem (IITBK).

MeTtoau. JocaidyiceHHs1 susieuno, wjo egekmugHa Ao3a Cymmeeo 3MIiHIOEMbCS
3a/1eJcHo 8id 8UGOPY NPOMOKO.1y ma po3mipy noAsi; 6iibi noas npu3eodsams 0o sUWuUx
003, W0 6Ka3ye Ha Heo6XidHicmby onmumizayii, wWo6 36a1aHcysamu mMoYHicMb
diazHocmuku ma 6e3nekxy.

PesyanbTaTu. Taki npomokoau, sk npomokoa daa ma3y Pelvis Fast, wo
Xapakmepu3ylomucs 3HUNMCEHHAM 3HAYEeHHS1 nonepedHsL0 6CMAHO8/1€H020 napamempa
Misiamnep-ceKyHda i KOpOomMuwum 4acom CKAHY8AHHs, 0eMOHCMPYIOMb 3HAYHO HUdCHi
eghekmueHi do3u NOPi6HAHO 3 MAKUMU A/1bMepHaAmMueamu, 1K npomoko 041 ma3y Pelvis
Large, wjo o3Hauae 3HUICEHHSA 3HAYEHHSA HAOAUWKO08020 a6co110MHO20 pu3suKy (HAP)
PO38UMKY 8MOPUHHO20 PAKY.

BucHoBKU. AHaai3ylouu BukopucmauHsa modeai BEIR VII daa oyiHooeaHHs
PU3UKYy 00X00UMO BGUCHOBKY Npo eaxc/augicmb eu6opy npomokoJie eizyaaizayii 3
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HuxcHumu 3Ha4eHHAMU HAP 015 ehfekKmueHo20 3HUICEeHHS pU3UKI8 8MOPUHHO20 paAKY.
3po6aeHi 8UCHOBKU 8Ka3ylomb Ha eaxc/augicmbv 3HAYEeHHs1 8u6opy NpomokoJay odas
3HUdHCeHHSA padiayiiiHozo onpomiHeHHA npu 36epedceHHi 8UCOKOT AKocmi 306parxceHHs
ma Hadaiomv yiHHI pekomeHdayii 0451 nideuweHHs 6e3neku nayieHmie nid vac
OMmMpuMaHHs MedUuYHUX 306pPaxHceHs.

Knw4yoBi caoBa: wmaai do3u, oyiHka pusuky,  iHiliHUll npuckopioeadu,
aHmponomopdgHuti panmom.

Agtopu C. Ocmas, P. Benckayckaiite, P. Yepanaiite-TpyuiHckiene Ta 0. JlaypikaiitieHe 3asBISIOTH PO BiICYTHICTH
koH(uTiKTY iHTEepeciB. CIIOHCOpH He OpaJii y4acTi B po3pOoOIeHHI IOCIiKEHHS; y 300pi, aHaJli3i UM IHTepIIpeTallil JaHHX;
y HaIlHCaHHI PYKOIHCY; B PillIeHHI PO MyOJIKALiI0 pe3y/IbTaTiB.
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MOPIBHAJIbHA XAPAKTEPUCTUKA CYILIUIAJIbHOI TOBEAIHKHA
BETEPAHIB OINEPALII OB'€JHAHUX CUJI HA CXO/Il YKPATHU
I JIIKBIZATOPIB HAC/IIAKIB
ABAPIi HA YOPHOBUJ/IbChKIN ATOMHIN EJIEKTPOCTAHIIIT

B cTyn. Po3aasaHymo npo6iemu cyiyudaavHoi nogediHKu ceped sikeidamopie asapii
Ha YopHo6UbCbKill amomHill enekmpocmaHyii ma eéemepatie Onepayii 06'edHaHUX cu1 Ha
Cx00di Ykpainu. He3eadicaioyu Ha ¢opmaabHO 8i0MiHHI 06cmasuHu 080X pI3HUX
Had3zeuuaiiHux cumyayiii, npo6/1emu y emepaHie ma jikeidamopie yacmo cxoxci, wo eede
00 nodi6HUX nopyuleHb, 30Kpema cyiyudaasHoi nogediHKu.

MeToau. AHani3 daHUX 8KA3YE HA 8UCOKUll pigeHb cyiyudanbHUX eunadkie y neeHi
nepiodu ceped sikeidamopie, wo akyeHmye nompe6y 8 nokpaujeHHi medu4HOi ma
Ncuxo/102iYHOI NIOMpUMKU, @ MAaKoJic y coyiansHUX npozpamax 0151 adanmayii do HosuX
peauiii nicas asapii.

Pe3yabTaTu. BemepaHnu, ski noeepmaiomecs 3 8iliHu, cCmukaromscs 3 ceplio3HUMU
ncuxiyHuUMu npo6saemamu, mMakKumMu sK hocmmpasmamuy4Huii cmpecoguii po3.1ad,
denpecia i mpugoicHicmb, Wjo ycK/1adHIOe iXHI0O peiHmezpayilo 8 yueinbHe dcumms i
makodic Modxce npuszgodumu do cyiyudaavbHoi noeediHku. Xoua icHyioui npozpamu
nidmpumku ma aiKyeaHHs 0AsA Jjikeidamopie aeapii Ha YopHoo6uabCbKIll amomHill
esekmpocmaHyii Malombv mpueaauii doceid, npodirakmuka cyiyudie 3aiuwaemocs

npo61eMHUM NUMAHHAM. .
© Yymak Cranicnaas, [lepuyk Ipuna, 2024
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BucHoBKU. IIpogedeHuil nopieHabHUIlI aHAMi3 060X epyn 8KA3YE HA 8axdcaAUBicMb
PO3p0o6KU YinbosuX npocpam ni0mpuMKu 3 ypaxy8aHHAM MIHCHAPOAHO20 doceidy, a maKkoxic
Heo6XxidHicmb dodamkogux pecypcie ma 3axodie 011 NOKpawjeHHs1 NcuxiyHo2o 300po8’st ma
3anoGizaHHA cyiyudam, sIK 3 HQYK08oi moyKu 30py, mak i 8 NpaKmMu4Hitl n1o0WuHi,

Knw4yoBi caoBa: cyiyud, aymoazpecueHa nogediHka, HadzeuuaiiHi cumyayii,
eemepaHu Onepayii 06'edHaHux cua Ha Cxo00di YkpaiHu, nikeidamopu HacaidKie asapii Ha
YopHo6uawcokiii AEC.

Beryn

CaMOryocTBO € Cepio3HOI0 IVI00AIbHOK IMPOOJIEMOI0 B Tajly3l I'POMAJICHKOrO
3n0poB's. Il{opoky y cBiti Bix camoryocrsa nomupae 703 000 moneii. CamoryocTBO €
OJIHIEIO 3 OCHOBHUX MPUYMH CMEPTI, EPEBHUIIYIOUN 32 KUIBKICTIO CMEPTI Bijl MaISIpii,
BipycCy iMyHONEDIIUTY JTIOAUHY / CHHApOMY HaOyToro iMyHOAeIuTy, paKy MOJIOYHOT
3a11031 Ta BiliHM M BOMBCTB. Y 2019 p. camMory0CcTBO CTallo MPUYMHOK OLIbIIe HiX
1,3 % ycix cmepreit (World Health Organization, 2021, p.1). He3Baxatoun Ha
JECATUINITTS TOCTIIDKEHb CYTUIAIbHIX JIyMOK 1 TIOBEIIHKH, MPOrHO3YBaHHS PU3HKY
caMmoryOcTBa 3aiuiiaerbes ckiaaanuMm 3aBaaHHsM (Franklin et al., 2017; Turecki
et al., 2019). Cepen 3aranbHO BUBUEHUX (DAKTOPIB PU3HKY CYIUAANBHUAX TYMOK i
MOBEIIHKY — TOTIepe/IHi cyinuaanbhi nymku Ta 1ii (Ribeiro et al., 2016) monepenni
cpodu camoryoctBa (Suarez-Pinilla et al., 2020) i HeCnpUSTIMBI KUTTEBI MOMIT
(Liu, & Miller, 2014). IlcuxiarpuuHi CynmyTHi po3naad, 30Kpema Jenpecis,
B)KMBAHHS NICHXOAKTHBHUX PEUOBHH Ta TICUXO3H, € 3HAYHUMHU (aKTOpaAaMH PU3HKY
TSI 3aBepIIeHnx camoryocTs (Bachmann, 2018, p. 1425).

[TopyrmieHHS TICHXI9HOTO 30POB'St € BU3HAHOIO MIKHAPOIHOIO METUKO-COITIaThHOIO
Mpo0JIeMO0, 1110 BUHMKIA BHACHiAOK YopHOOMIbChKOI KaracTpodu. Excrepru
Yopuobunscekoro popymy OOH (World Health Organization, 2006, p. 160) Buginumm
YOTHPH OCHOBHI HEHpOITCHXIaTpU4HI HACHimKkd Katactpodu: 1) cTpecoBi poszmamu;
2) edhekTH Ha TOIOBHHI MO30K, IO PO3BHUBAIOTHECS; 3) OPTaHiuHI YpayKeHHS MO3KY Y
nikBigaTtopiB HacmiakiB aBapii (JIHA) Ha YopHOOMIBCHKIA aTOMHIN €IEKTPOCTAHITIT
(UAEC); i1 4) cyimmmu. Cxoxi edekTd MOXHA OdiKyBaTé i1 y BerepaniB Omepartii
Ob6'eqnanmx cun Ha Cxomi Yipaiau (OOC), 3a BUHATKOM BIUTUBY Ha TOJIOBHHH MO3OK,
0 PO3BUBAETHCS. BomHouac Hachimkn karactpodu Ha YAEC, oueBHIHO, HE MOXKHA
TIOSICHUTH TUTBKHU paiamiero. JpamaTidsi comiansHi 3MiHH, HeAOCTaTHs iH(popMartiiiHa
Ta CoIliaJlbHA TIONITHKA VYPsOy, TICHXOCOIIANGHUA BIUIMB 1 CTPECOBI pO3Jamu
(mocrrpaBmatnunmii  ctpecoBmii  posnan  (IITCP), nmempecisi, TpPHBOXHICTS,
coMaToQOpMHI Ta TICHXOCOMATHYHI pO3Ta[¥, 3IIOBXHBAHHS TICHXOAKTHBHUMH
pedoBunHamu (ITAP), camoryOcTBa) micis pamiaiiHiX Haa3BHYaHUX CUTYAIlill MAlOTh
Benuke 3Ha49eHHs (Loganovsky, 2015).

HanmzBuuaiiHi cuTyanii € TPUPOIHUM EKCIIEPUMEHTOM, SKHH MOXe JaTH
VSIBIIGHHS TIPO JDKepena MOIMYISIiHO1T BapiabenbHOCTI piBHIB camoryocTB (Bromet,
& Dew, 1995). BpaxoByroun [00pe 3aJOKyMEHTOBaHE pi3ke 30iNbLICHHS
TICUXOTATOIOTIi micyst katacTpod (van Griensven et al., 2006), moka3u Toro, 10 Taka
TICUXOTIATOIIOT IS MOXe 30epiraTrcs mpoTsaroM pokis micis nofii (Adams, Boscarino,
& Galea, 2006), a Takox OUTBIIy HMOBIPHICTH caMOryOCcTBa cepem oci0 i3
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nicuxomnaronoriero (Zivin et al., 2007), MoXHa O4YiKyBaTH, IO PiBEHb CaMOTyOCTB
MOK€ TAKOK 3POCTH IICIsl TaKUX MOfii. Bimomo, 1o nepexnBaHHs HaA3BUYANHNX
CUTyalliil pIi3HOr0 XapakTepy MOB's3aHE 3 MiABUIIEHUM PU3HKOM PO3BUTKY
CHUMIITOMIB JICMIPECUBHUX, TPUBOXKHUX Ta MocTcTpecoBux posianis (World Health
Organization, 2013, p. 110; Geoffrion et al., 2022), a Takox 3 HiABUIICHHSIM YaCTOTH
cyimuaaneHux crpod (Safarpour et al., 2020).

Memoto docnidrcenns OyIo MPOBECTH TOPIBHAIBHHUN aHAI3 OKPEMHUX aCIIEKTiB
cyinuaansHoi noBeninku y BerepaniB Onepaiiii O0'eqHannx cun Ha Cxoni Ykpainu
1 JTKBiZaTOpiB HACHIAKIB aBapii Ha YopHOOMIBCHKIN aTOMHIN enekTpocTanii. Jist
JOCSTHEHHS METH OYyJI0 MPOBEICHO aHai3 JIITepaTypy Ta BUKOPHCTAHO Pe3Y/IbTaTH
BJIIACHUX JIOCIIIKEHb.

MeTtoau

3a jgaHWMHU JIITEpaTypH Ta BIACHUX JOCIIDKEHb MPOBEICHO IOPIBHSIBHUIMA
aHaJ3 OKPeMUX YWHHUKIB (OIOJOrIYHHMX, TICUXOJOTIYHUX, COILIAJbHUX), IO
BIUIMHYJIM Ha PO3BUTOK CyilunanbHoi noBeninku y erepanHiB OOC Tta JIHA Ha
YAEC. HocnimxkenHs Oyiau IOTY4eHi, SKIO BOHHM BiAIOBIJaId TaKUM KPHTEPIsIM:
1) ocHOBHUIT 3MOJIENBOBAHMI pe3yasTaT OyB YITKO BH3HAYEHWH SIK CYIIMJIAIbHI
JIYMKH, crpoba camoryocrsa a0o 3aBepileHe caMOry0CTBO; 2) IMPOCTIp BXIIHHUX
XapaKTepPUCTHK MICTUB MPUHAWMHI OJIMH MPEAUKTOP, OTPUMAaHUK B ofHOMY (200
KUTBKOX) 13 TAKHX TPHOX JOMEHIB: O10JIOTIYHOr0, MICUXOIOTIYHOTO Ta COIIaIbHOTO;
3) mocnimkenns crocyBanoch BerepaniB OOC a6o JIHA ma YAEC.

Pe3yabraTn

[Ipotsrom 6,5 pokiB cmocTepekeHb 3a 4742 €CTOHCHKUMH JIIKBIZATOpaMH
3apeectpoBano 144 Bumamku cmepti, 3 akux 28 ocid (19,4 %) 3miicHuN
caMory0CTBO, III0 BKa3y€ Ha CTATHCTHYHO 3HAYYIIY TEPEBHILNEHY YacTOTy CYillUIIB
cepen i€l Tpyny MOPIBHSHO 3 HEOMPOMIHEHUMH BiITOBITHOTO BiKY. JIOBroTpHBaio
migBUIIeHnH pr3uk cyimuaiB cepen JIHA € sgckpaBuM CBiT4eHHSIM TOTO, IO
MTOPYIIIEHHS ICHXIYHOTO 3/I0POB'S 3AMIIIAI0THCS OJHIEI0 3 HAICePHO3HIINX TIPo0IIeM
TPOMAJICEKOTO  3I0pOB'S, BUKIMKAHUX KaracTpodoro. J[BaamsrumiectupivHe
MPOCHEKTUBHE CIIOCTEPEXKEHHA 3a Koropramu ecToHchkmx JIHA minTBepmxye
HasBHICTH HAUTUIIIKOBOI CMEpTHOCTI Bix camoryocts (Rahu et al., 2013). I[Toxibxo mo
IIbOTO Y JJUTOBCHKHUX JIIKBIIATOPIB TAKOXK CIIOCTEPIraeThCs MiIBUIIIEHA CMEPTHICTH BiJl
caMory0OCTB MOPIBHSHO i3 3aranbHOI0 momyssiero Jinteu (Kesminiene, Kurtinaitis,
& Rimdeika, 1997). Amnaniz cmeprtHOCTI 32 msaThpiunuii mepiog (1989-1994) y
Kupruscrani nokazas, o camoryocTBa Oy HAHTIOIIMPEHIIIO MPHYUHOI0 CMEpTi
cepen oci0, AKi miaBantncs BILTUBY 10HI3yr0doro orpoMineHHs. [Ipubmm3Ho 4BepTh
yCiX cMepTei Mpumazaia Ha caMoryOCTBa, a SKIO BPaxyBaTH BXKHBAaHHS BEITUKHAX
JI03 aJKoroMo [K ¢opMy camoryocTBa, s mudpa MiABHUINUTHCA IIe Oiibie
(Kamarli, & Abdulina, 1996).

Bimnin pamiamiiiaoi ncrxoneBpornorii HaiioHansHOro HayKoBOTo IIEHTPY pajliatiitHol
MEMITUHN TIPOBIB CTaHAPTH30BaHi NCHXIiaTpU4Hi iHTEpB't0 3 295 JikBimatopamu Ta
397 koHTpONBHUMH  OcoOamMu  depe3 16—18 pokiB micns  katactpodw,
BukopuctoBytoun Composite International Diagnostic Interview (CIDI). Pe3ynsratu
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MOKAa3aJIH MiJBUILEHY YaCTOTYy IICUXiaTPUYHUX PO3JaliB, el mpo caMoryocTBoO Ta
BaKKUX TOJIOBHHMX Oojieil cepen JsikBimaropiB. Jlo kaTacTpodu JiKBinaTopu Maiu
MEHIII TOKa3HUKH TPUBOKHOCTI Ta aJKOTOJILHUX PO3JIAJiB, ajie Mmiclis KatacTpodu y
HUX BUSBWIKCS 3Ha4HO BUIIi piBHI aenpecii (18,0 % mporu 13,1 %) Tta ixeit mpo
camoryoctBo (9,2 % nporu 4,1 %). Y poiri, 1mo nepeayBaB iHTEPB'I0, MOKA3HUKU
nenpecii (14,9 % nporu 7,1 %), IITCP (4,1 % nporu 1,0 %) Ta ronoBHux Oomneit
(69,2 % nporu 12,4 %) Oynu migsumeni. JlikBigaropu 3 mempeciero Ta IITCP
BTpavainu Oinplie poOOYMX IHIB MOPIBHSAHO 3 KOHTPOILHUMH ocobamu. PiBeHb
ornpoMiHeHHsI OyB MOB'sI3aHUH 13 TOKKICTIO coMaTnyHux cummnTomiB Ta [TTCP. Otxe,
JIOBFOCTPOKOB1 Haciinku katactpodu Ha YopHoOunbchkiii AEC mis ncuxigyHoro
30poB's Oynu 4itko BuseiieHi y JIHA (Loganovsky et al., 2008).

3a pesynbraraMu JIOCHIKEHHS, ske MpoBenu QaxiBii [HctuTyTy mcmxiarpii
KuiBcbkoro HarioHanbHOro yHiBepcutery imeHi Tapaca IlleBuenka, Oyio
npoaHaiizoBaHo 175 aHKeT 100 3aBepiieHUX CyiuaiB cepen Berepanie OOC 3a
niepion 3 2014 o 2019 poku. BusueHo comianbHO-1eMorpadiuHi XapakTepucTHKH
UX 0ci0 Ta y3arajbHeHi JiaHi PO TPUBAIICTh TepeOyBaHHS B 30HI OOHOBUX JIiid,
3alHATICTH MICIs JeMo0Ti3allii, HasBHICTB 3anexHocTe B [TAP Ta iHmm dakropw,
10 TIepenyBaii caMoryocTBy. Jo HaHOUIBIN 3HAYMMUX YNHHHUKIB HAJIEKATh:

1. CamoryOcTBa Ta TpUBAIICTh TepeOyBaHHS B 30HI OOWOBHX Jiii: HaiOuibIna
KUIBKICTh caMoryOocTB cepen BikicbkoBocayx00BiiB OOC (83,95 %) cranacs micis
riepeOyBaHHSA B 30HI OoifoBux niif moHayn 3 wicsrmi. Ile Bkasye Ha HEOOXITHICTH
KOpWUTYBaHHS TEPMIiHIB pOTalii Ta MPOBEACHHS IPEBEHTUBHUX 3aXOMiB IS
3MEHIIICHHS PU3UKY CYillUIYy.

2. CiMeliHI CTOCYHKM: TIOHAJ TIOJIOBHMHA MAOCHiKyBaHuX (59,52 %) wmamu
JOOPO3UYITUBI CTOCYHKH B POIUHI, TOMi sk 26,19 % manu (opmaibHi CTOCYHKH, a
14,29 % — xoudmixrtHi cutyarii. CiMeliHI Herapasad YW pPO3PUBH CTOCYHKIB
(dhopmasibHO He Oynmu BHpIMATBHEM (AKTOPOM JUISI CaMOTyOCTB, MPOTE BHCOKUI
BimcoTOoK ¢opMarbHUX 1 KoHGUUKTHUX cTocyHKIB (40,48 %) cBiquuTh TIpO
HEOOXIAHICTh MIATPUMKH 3 OOKY POIMHH 200 BIAMOBITHUX (haXiBIIiB.

3. Pemiriitaicts: 80 % BerepaniB 3piaka BimBigyBamu xpamu i Oymau (GpopMaibHO
BipytounmH, 7,33 % gacro BinBigyBasiu 1epkBy, a 12,67 % Oynu areictamu.

4. IlcuxiuHuil cTaH: y AOCHIIKYBaHUX cliocTepirainucs 3aMkHeHicTsb (18,25 %),
TpuBOXHICTE (17,46 %), po3nparoBanicTts (16,67 %), arpecUBHICTb 1 CKPUTHICTH (110
10,32 %), Hu3pka KoMyHiKaOembHICTh (9,52 %), migBUINEHA YYTIUBICTH 1
CXWIBHICTh IpamMatu3yBaTd (1o 4,76 %), HemoBIpIUBICTH 1 Oa)XKaHHS yCAMITHUTHUCS
(o 3,97 %).

5. CxunbHicTh 10 BxuBaHHs [IAP: 46,71 % nomepnux BerepaHiB nepeOyBaiu y
CTaHl aJIKOTOIIEHOTO YM HAPKOTWYHOTO CH'SIHIHHS Ha MOMEHT CKOEHHS CYIIHY, 13
HUX 41,35 % 3nomxuBaim ankoroneM i 2,83 % BKUBaIM HAPKOTHUKH.

6. [lcuxonoriuna momomora: 13,21 % BerepaHiB, SKi 3MICHHIIN CaMOryOCTBO,
Majgu crpobu camoryOocTBa padime i morpeOyBanmu pomnomoru. IlepeBaxHa
Oinburicts (88,99 %) He oTpuMyBaja cHeLiali3oBaHOI MIATPUMKH, L0 BKa3ye Ha
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HEOOXIHICTh y MOMIMIIEHH] JOCTYITY /10 MEIUKO-TICUXOJIOTIYHOI JIOTIOMOTH JUTSI ITi€T
kateropii BerepaniB (Pinchuk et al., 2020).

Buxonsunm 3 pe3ynsraTiB BUIIE3a3HAYEHWX OOCHIIKEHb, Ui TOPIBHSIHHS
ncuxiunoro 3n0pos's BerepaniB OOC ta JIHA na YAEC cnig po3misiHyTH KiTbKa
OCHOBHUX CITUJIbHHX aCIICKTIB:

1. Coyianvha niompumka ma inmezpayis. OOWIBI TPYNMU YacTO BiA4yBarOTh
HEJIOCTaTHIO COLIaNbHY MiATPUMKY, 0 MOXKE TOTIPIIYBaTH IXHIH MCUXIYHUH CTaH.

2. llompeba y cneyianizosaniti  0onomosi: OOUABI TPyNUu MOTPEOYIOThH
Ccreliaii3oBaHOl MEIUYHOI Ta MCUXOJOTIYHOI JOMIOMOTH, SIKa BPaXxOBY€ CIEHH(IKY
IXHIX TpaBMAaTUYHUX JIOCBIJIB.

3. Bnaue Ha cim'i: ipoOlieMH 13 ICHXIYHUM 37I0POB'SIM MOXKYTh CYTTEBO BILTHBATH
Ha CIMElHI BiTHOCHHH, 1110 Ba)KJIUBO BPAaXxOBYBAaTH ITPH HaJaHHI JOIIOMOTH.

OcHosni acnexmu cyiyuoie cepeo nixsioamopie YAEC:

1. @isuuni nacnioku: 6GaraTo JIKBIIATOPIB OTPUMAIM BUCOKI JIO3M pajiarii, 1o
MPHU3BENO JI0 PI3HUX 3aXBOPIOBaHb, BKIFOYAIOYN PaK Ta iHIII CEpHO3HI XBOPOOH.
[ocriithuii  OiTb 1 TOTIPIIEHHS 37I0pPOB'SL.  MOXYTh CTaTH YHHHUKOM  JUISI
CyIlMJaIbHUX JTYMOK.

2. [cuxonociunuii cmpec: CTpec BijJi BAKOHAHHS HEOE3MeYHOT pOOOTH, MepEKUTHIA
i Jac JiKkBigaiii HaciakiB asapii, a Takox I1TCP, o po3BuHyBCs y 0ararhox,
CYTTEBO BIUIMHYIIM Ha TICHXIYHE 3/I0POB'S.

3. Coyianvni ma exoHomiuHi (axmopu: TICIs aBapii OaraTo JIKBiZaTOpiB
3ITKHYJIUCS 3 MPOOJIeMaMH COILialbHOI ajganTallii, eKOHOMIYHOK HECTaOUIbHICTIO,
BICYTHICTIO HAaJISKHOT MEIMYHOT TOMIOMOI'H Ta MIATPUMKH 3 OOKY JepKaBu.

4. Cmuemamu3zayis ma i301ayis: NeSKl JIKBITATOPH BiIyBadl CTUTMATH3AIIIO
yepe3 CBiil cTaH 370poB's ab0 yepe3 CTpax IHIMX JIOASH mepen paialiiHuM
3a0pyIHEHHSM, III0 MOTJIO TIPU3BECTH JIO COIIIBHOT 1305111,

Ocnoeni acnexmu cyiyuois cepeo eemepanie OOC:

Berepanu, ski moBepTAIOTHCS 3 BIMHHM, YaCTO CTUKAIOTHCS 13 TICHXOJIOTTIHUMU
npobnemamu, Takumu sk [ITCP, genpecis, TpuBora Ta iHII ncuxivHi po3naman. L1
npoOIeMH MOXKYTh YCKIIQJHIOBATH aJalTaIlil0 0 MHUPHOTO JKUTTS, CHPUYUHSATH
COIiaJIbHy 130JIAIIII0 Ta €KOHOMIYHY HECTaOUIBHICTh, IO, CBOEID YEPTOI0, MOXKE
MPHU3BOIUTH 10 CYTIUAATBHUX TYMOK Ta JIiil.

Midcnapoonuii KoHceHcyc wo0o ncuxiynux npobnem nicia Yoproodouns (World
Health Organization, 2006, 160 p.):

1. IITCP, nempecisi, TPUBOXHICTH, COMaTO(GOPMHI Ta TICHXOCOMATHYHI PO3TaIH,
3MIOBKMBAHHS alIKOTONIEM: TYT ICHYE TIIOBHA Y3TOIDKEHICTh JYMOK €KCIIEpTiB;
PEKOMEHIYIOTbCS ~ JIOCHIDKEHHST TPUBAJOCTI KUTTSA, a TakoK HEoOXimHi
TICUXOJIOTIYHUH Ta IMCUXIaTPUYHUN MOHITOPUHT 1 JONTOMOTA.

2. BrumB Ha MO30K, IO PO3BUBAETHCS (KOTHITHBHI TOPYIIEHHS, €MOI[iHO-
TOBEIHKOBI po3nafu, NediluT yBarum Ta TilNepaKkTHUBHICTh, HEHPOPO3BUBAIBHI
po3namu): y 1[bOMY MUTAHHI TPUBAIOTH AKTHBHI OOTOBOPEHHS 3 CYNEPEYHOCTIMU;
HEOOXIHO TOoNaNblle IOCHiKeHHS e(eKTiB, PEeKOMEHIYIOThCS JOCITIKEHHS
TPHUBAJIOCTI KHUTTS 3 MOXKJIMBUMU BTPYyUYAHHSIMH.
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3. OpraniuHe TOIIKOMKEHHS MO3Ky Y JikBigatopiB (uepeOpoBacKysipHi
3aXBOPIOBAHHS, HEWPOKOTHITUBHI JediUuTH, AEMIeNiHi3yloui 3aXBOpPIOBAHHS
HEpBOBOI CHUCTEMH, MapOKCH3MallbHi CTaHW TOIIO): MpobieMa OOroOBOPIOETHCS;
HEOOXIZHI TMOmaNbIIl JTOCIIPKEHHS, 30KpeMa JOCTIDKESHHSI TPUBAJOCTI XKHUTTS;
noTpiOeH mocTiitHuI HelporcuXiaTpUYHUH MOHITOPHHT i AOTIOMOTa.

4. CamoryOcTBa: TyT ICHYE IMOBHA Y3TODKECHICTh JIYMOK EKCIEPTiB; HEOOXiaHI
MOJANIBII  JIOCHIDKCHHS, TEPMIHOBO TMOTPIOHI  cHerugiyHi  MIAXOAH [0
npoiTaKTHKH CaMOryOCTB.

Hapa3si, MbkHapogHHI KOHCEHCYC IIO0 MCUXIYHUX MpoOJIeM cepell BeTepaHiB
OOC me He cdopmoBaHO, i aus Horo QopMyBaHHS, OYEBHIHO IMOTPEOYETHCS
JIOCTAaTHBO BEJIMKA KIIBKICTh BIAMOBIOHHUX IOCIIIKEHL. AJle Ha ChOrOAHI MOXKHA
CTBEp/KYBATH, 1[0 OCHOBHI MPOOIEMHU TICUXIYHOTO 3I0POB'S, 3 SKUMH CTHKAIHCS
JIHA wa YAEC (okpiM BIUIMBY Ha MO30K, IO PO3BUBAETHCS, MOBA3aHUH i3
OesnocepenHiM ehekToM 10HI3yI040ro BUMTPOMIHIOBaHHs), OyAyTh MOMIOHUMH 1 ISt
BerepaniB OOC. Take TOpPIBHSHHS J03BOJISIE 3pO3YMITH VHIKaJdbHI BUKIHKH, 3
skuMu cTrkaroThest Berepann OOC ta JIHA na YAEC, 1 HaronocuTy Ha BaIJIMBOCTI
pPO3pO0KH MiNBOBUX MporpaM minTtpuMku ans BerepaHiB OOC 3 ypaxyBaHHSIM
noceiny JIHA na UAEC.

Juckycist i BHCHOBKH

Pesynbratu pocnijpkeHHS TIOKa3yloTh, MO M 4Yac HAaJI3BUYAHHHMX CHTYaIlil
Berepanu OOC Tta JIHA ma YAEC 3a3Hanmu 3HAYHOTO TICHXIYHOTO CTPECY, OMHAK
OUTBIITICTh 13 HUX HE 3BEPTANUCSA 0 MEAWYHUX 3aKjiIadiB UIs JIKyBaHHS abo
NpoUTAKTHKN ITCSA TOBEPHEHHS JOAOMY. BIiICyTHICTh HaJIEKHOI MEIHKO-
COIIIAJTBHOI Ta TICHXOJIOTIYHOI MIATPUMKHA MO)KEe OyTH OTHIEIO 3 MPUYUH CYyilHIiB
cepen miei kareropii oci®, 0coOIMBO B CTaHi agKOTOIHLHOTO a00 HAPKOTHIHOTO
cr'ssHiHHA. JlaHi JOCTIPKEHHS BKa3yIO0Th Ha aKTyaJIbHICTh TTPOOJIEMH CYIITHUIIB ceper
BerepaHiB OOC B YkpaiHi Ta HEOOXITHICTh MOTANBITNX AOCTIIKEHb TCUXIYHOTO
3M0pOB'A WX OCi0, 30KpeMa iXHbOI CyiuaanbHOi moBemiHku. s edekruBHOTO
BHpIIIEHHS poOIeMy BaXIIMBO aIaNITYBaTH Ta BIPOBAAUTH MIKHAPOIHI IPOrpamMu
MIarHOCTHKW, JIKYBaHHS Ta peaOimiramii BeTepaHiB BIHCHKOBHUX KOH(IIKTIB.
[ligTpuMKka MIKIUCIMILIIHAPHOTO IIIXOTY, SIKUH repeadadae ydacTs (axiBIiB i3
MEIWYHUX 1 TICHXONOTIYHHUX CIICI[IaIbHOCTEH, a TaKOK MPEICTaBHUKIB DPI3HHUX
BiJIOMCTB, JIO3BOJIUTH PO3POOUTH Ta pealizyBaTH KOMILIEKCHI MEIUKO-TICHXOIOT1YH1
Ta COIliaJbHI 3aXOAM B paMKaxX OiONMCHXOCOI[iallbHOT Mozaeni momomMoru. Takox
HEOOXITHO CTBOPUTH HAIIOHAILHUN DPEECTp 3MOPOB'St BETEpaHiB 1 3a0e3mednTH
JIOBTOCTPOKOBHH (0a’kaHO JOBIYHHI) MOHITOPHHT 32 JOITOMOTOH) BHCOKOSKICHUX
KITIHIKO-€eITiIeMi0IOTYHIX JOCITI/HKEHb 3 MDXXHAPOTHOO YIaCTIo.

Buecok aBropiB: CraniciaB Uymak — KOHLIEITYai3a1lis, METOIONOTIs; (hOPMATTbHHUIA aHATI3; HAIMCAHHS
— opuriHanbHa YepHeTka; [prHa [TepHyk — KOHIeNTyaTi3allis], HAMCAHHS — TIePervis i peJjaryBaHHsL
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COMPARATIVE CHARACTERISTICS OF SUICIDAL
BEHAVIOR IN VETERANS OF THE JOINT FORCES OPERATION
IN EASTERN UKRAINE AND LIQUIDATORS
OF THE CHERNOBYL NUCLEAR POWER PLANT ACCIDENT

Introduction. This article examines the issues of suicidal behavior among
liquidators of the Chernobyl Nuclear Power Plant disaster and veterans of the Joint Forces
Operation in eastern Ukraine. Despite the formally different circumstances of these two
distinct emergencies, veterans and liquidators often face similar problems, leading to
analogous disorders, including suicidal behavior.

M e th ods. Data analysis indicates a high incidence of suicides during certain periods
among the liquidators, highlighting the need for improved medical and psychological
support, as well as social programs for adaptation to new realities post-disaster.

Results. Veterans returning from war encounter severe mental health issues such as
post-traumatic stress disorder, depression, and anxiety, which complicates their
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reintegration into civilian life and may also lead to suicidal behavior. Although existing
support and treatment programs for Chernobyl disaster liquidators have a long-standing
history, suicide prevention remains a challenging issue.

Conclusions. The comparison of both groups underscores the importance of
developing targeted support programs, incorporating international experience, and the
necessity for additional resources and measures to improve mental health and prevent
suicides from both scientific and practical perspectives.

Keywords: suicide, self-harming behavior, emergencies, Joint Forces Operation
veterans in eastern Ukraine, Chernobyl NPP disaster liquidators.

Astopu C. Yymak Ta I. Ilepayk 3asBIsIOTE PO BiACYTHICTH KOH(MIIKTY iHTepeciB. CrioHcopy He Opaiu ydacti B
POo3pobIIeHH] TOCTipKeHHs; y 300pi, aHasi31 4n IHTepIIpeTallii JaHHUX; Y HaIlHCaHHI PYKOIHCY; B PillIeHH] PO MyOJiKariiio
Ppe3yJIbTATIB.
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MEHTAJIBHE 310POB’'Al CTYJEHTIB:
MOTPEBA Y IATPUMIII B YMOBAX BIMHH

BcTyn. Bilina 8 YkpaiHi cmaaa giduymHum dodamkogum cmpecom 045 Giavuwioi
yacmuHu cmydeHmcvkoi Mo.100i. Memoto ny6iaikayii € eusHayeHHs1 nompe6u 8 niompumyi
ma 3axucmi MeHmMa/aLHo20 300po8's y 3006yeayie suujoi oceimu 8 ymoeax gilicbkogo20
KOH.1IKmMYy, a makodc 3a00801eHHSA Yux nompeo.

MeTtoau. Jocaidxcysanacss 20mosHicms y4acHUKi8 0cC8iMHb020 npoyecy
38epHymucs 3a donomozoio do haxisyie y cghepi ncuxiunozo 39opog’s. IlpoaHasizoeaHo
6ap'epu ma cmuamu, Wo 3ae8aixcarms cmyoeHmam ompumamu c80€4AcCHy KeanigikoeaHy
donomozy, a makodxc AocmynHicmb ncuxonoz2idHux nociaye y euwax. /locaidxiceHHs
npoeoousocs MemoooM OHAAUH-oNUMY8aHH ma (Hokyc-2pyn. OHAAUH-ONUMYB8AHHSA
npoxoduso y dea emanu ma oxonu.10 2511 cmydenmie 17 euwie Ykpainu.

PesyabTaTu. 3a pesyremamamu 00cAiddceHHs1 8US6/1eHO 03HAKU NO2ipuleHHs
NcuxiyHo20 300poe’si y 6invuwiocmi pecnoHoeHmMie ma Hege/AUKY KilbKicmb 38epHeHb 3
ixHbo20 6OKy 3a keauighikosaHow donomozow. BcmaHoeieHo, ujo Hailiyacmiwe cmydeHmu
6é/acHi ncuxo/02i4yHi npo6Gsaemu eupiulyeanu CcamMoOmyxcku a6o 3eepmasaucs 3d
niompumkoio 00 pioHux, dpy3ie ma 61U3bKUX.

B ¥ cH o0 BKU. PoKyc-ecpynose docaidiceHHs 3a y4acmi 40 cmydenmie ma sukiadayie
do3801us10 gusisumu 6inbWl 2AUGUHHE PO3YMIHHS nompe6u y ncuxosozivuiii niompumyi
MeHmMa/1bHo20 300poe8’st 3do6yeauie euwjoi oceimu, eusHavyumu neeHi 6Gap'epu ma
cmepeomunu, AKi nepewkodxcaioms iM 386epmamucs 3a cneyianizo8aHor 9onomozoio.
3's1coeaHo Has18HI MOJHCAUBOCMI 8 OMPUMAHHI NCUX0102iYHOT donomo2u ma docaidiceHo
npono3uyii wjodo HadaHHA ma nojinweHHs1 cepsicy ncuxo/ao02iyHOi nidmpumku.
BnpoeadiiceHHs1 ompumaHux pe3yqbmamie y npakmuky euulie YKpaiHu 00380.1umb
yoockoHanumu egheKmueHuUll ncuxosa02iyHUll cynpoeid cmydenmis nid yac Ha84aHHS 8
yMo8ax 8iliHu 0151 NidmpumMaHHs iXHb020 MEHMA/1bHO20 300P08 5.

Knw4yoBi ciaoBa: mMeHmaavHe 3d0opoe’s, cmydeHnmu, hoKyc-epyna, nompeéa 8
niompumyi, giiiHa.

Beryn

Tperiii pik moBHOMacIITaOHOI BiifHH, pO3B's13aHOI poci€lo B YKpaiHi, HETaTHBHO
BIUTMHYB Ha MEHTAJBHUU Ta TICHXOEMOIIMHUI CcTaH 3100yBadiB BUIIOI OCBIiTH
(Kurapov et al., 2022). BinbImicts i3 HUX niepeOyBarOTh i MOIBIHHUM CTPECOBUM
MPECHHTOM. 3 OJHOTO OOKYy, —  Oe3lepepBHI TpaBMyIodi moxmili (4acto B
HaleKcTpeMalTbHIIIi#i popMi): BiliCEKOBI i1, TepeOyBaHHS i 00CTpiTaMu, )KHUTTS B
OKymaIlii, BTpara jKHTJa, 3aTu0enb OMU3bKUX Ta PiIHUX, 3arpo3a BIACHIN Oe3merri,
II0 BUKJIMKAIOTh TPUBOXKHICTB, TAHIKY, IEMPECito, po3apaTyBaHHs, IICHXOEMOLIiHHE
BHCHaxeHHs, amatito Tomo (Pavlova, & Rogowska, 2023). 3 inmoro 06oky, —
HaCWYEHHH HAaBYAJIBHUH INPOIEC, SKUH Yy MEPCIEeKTUBI JO3BONAE 3100yTH (ax Ta
3aKJacTd OCHOBY MaiOyTHBOI Kap'epu (Pei et al., 2024). | nna cryneHTtiB Bkpaii
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BaKJIMBO, HE3BAXKAIOUHU Ha CTpec, MOB'sI3aHUH 13 BIfHOIO, HE BTPATUTH MOTUBALLIIO /10
HaBYaHHs Ta 10 00paHoi nmpodecii.

[longiiiHe TCUXONOTIYHE HABAaHTAXKCHHS BUMAra€ BijJl yYaCHHUKIB OCBITHBOTO
mporecy B WX HEMPOCTUX yMOBaX HaJAMIpHUX 3YCHIIb, II0 CTABUTh iX y IOBOMi
Bpa3iMBe TICHXOEMOLliiiHe cTaHOoBuUIIE. | B Takiii cutyauii mepeOyBae OUIBIIICT
y4acHHKIB ocBiTHBOrO npouecy (Hunt, & Eisenberg, 2010).

HasBHI HaykoBi JOCHI/DKEHHsS Ta TIpKAH mocBin iHmmMx kpain (Murthy, &
Lakshminarayana, 2006), 1o nocrpaskaany Big 30poiHIX KOH(IIKTIB, CBiAYaTh, IO
HETaTMBHUI BIUIMB BIfHM Ha MEHTAJIbHE 3J0POB'S, OCOOJIMBO MOJIOAL, €
OararorpanauM 1 jgoproTpuBaiimMm (Kiuyna ta iH., 2024; Raccanello et al.,, 2024;
Sheather, 2022). HaBiTb y THX, KOMYy BAQJIOCS CTiKO IEPEHECTH TMepII MIiCsIIi
BilICLKOBOT arpecii, He BUKJIIOUEHO Y MOIAJIBIIIOMY, SIK 3a3HaYa€ MiXKHAPOIHA MPAKTHKA
(Hang et al, 2021), mMoxxe pPO3BHUHYTHCS I[UTHH CIEKTP HETaTUBHUX MPOSBIB
MICHXIYHOTO 3/I0POB'S: TICUXOJIOTIYHE BUCHAXEHHSI, PI3HOTO POy MCHXIUHI PO3JIajau,
MTOBEIHKOBI 3MIiHH, IO MOXYTh CTaTd CEPHO3HOI IEPEIIKOMO IS iXHBOT
MOBHOIIIHHOT y4acTi y moBcsikieHHoMY kuTTi (Jawaid, Gomolka, & Timmer, 2022).

Tox moTpeda y MCUXOIOTIYHIA MIATPUMII CTYIEHTChKOT Mool B YKpaiHi Bij
MOYaTKy BifHM BiTYyTHO 3pocia. 3BaKaloud Ha ToW (akt, mo s mpobliema 3a
OCTaHHI JiBa POKH HaOylla paHTy OJHOTO 3 JIEp)KaBHUX MPIOPUTETIB, CIIPSIMOBAHUX
Ha TIOMOJaHHS KPWU30BUX BHUKIHWKIB, IS 30€PEKEHHS MEHTAJIBHOTO 3I0pPOB'S
YYIaCHHUKIB OCBITHBOTO IPOIIECY Ha3piia HEOOXiTHICTh BIIPOBAIUTH Y BUIIAX THYUKY
1 BogHOYaC €QEKTUBHY CHCTEMY IICHXOJOTIYHOI MIATPUMKH Ta MPO]ITaKTHIHUX
3aXOMiB ISl CTBOPEHHS OE3MEYHUX, TCHUXOJIOTIIHO KOMGMOPTHHX yYMOB HaBUAHHS
(Limone, Toto, & Messina, 2022). BogHo9ac BapTo BBECTH OCBITHIO ITPOrpamy MO0
OCHOB 30€pEXEHHS MEHTAJILHOTO 37I0POB'S Ta IICUXOIOTTYHOT CAMOJIOTIOMOT 1.

Ha >xanmp, aHami3 Cy4acHMX HAyKOBHX HAmpallfoBaHb y cdepi MiaTpuMaHHS
MEHTAJIBHOTO 3[IOpOB'Sl 3700yBayiB BHINOi OCBITH B YMOBaxX IOBHOMAacHITaOHOL
BIMICHKOBOI arpecii CBiTIUTh PO Te, IO I TeMa IIe¢ HEeAOCTATHHO 1 HEe BCEOIUYHO
nochimkeHa ykpaiHchkumu BueHmME (Martsenkovskyi et al., 2024). BuBueHHsIM
(hakTOpiB BIUIMBY BiifHM Ha MEHTAJIbHUI CTaH CTYIEHTCHKOI MONOJI 3aiiMaucs
3akopaoHHi HaykoBIli M. Yukhymenko-Lescroart, P. Limone, G. Miller, R. Murthy
ta BiTum3HAHI — O. YepHskoBa, H. KoBamsoBa, H. Xapuronona, JI. OnmanaceHko,
I. Maprurenko, JI. Kapamymka, O. CraxoB Ta inmi. [Ipore moremep BincyTHi
JOCTIKEHHS 010 BU3HAYEHHS IMOTPEON Y IICHXOMOTIHINA MATPUMIIL 3 00Ky CaMUX
YY9aCHUKIB OCBITHBOTO TPOIECy Mix 4Yac 30pOHHOTr0 KOH(IIKTY, MO 3YMOBIIOE
HAYKOBY aKTYyaJIbHICTh 3a3HAYEHOT TEMH.

Mema myOnikailii — BUBHAYUTH TOTPEOH Yy CTYAEHTCHKOI MOJIOMAI YKPaiHCHKUX
BHIIIB Yy MATPHUMIII Ta 3aXHCTi MEHTAJBHOTO 370POB'S B YMOBaX BilfHU, a TaKOXK
3aJI0BOJICHHS IIUX MOTPEO.

Metoau

Martepian mociipkeHHS TPEACTABICHUH Yy BHIVISAL PE3yNIBTATIB KUTbKICHOTO
(oHNaliH-ONUTYBaHHA) Ta SKICHOTO ()OKYC-TPYNOBOro H0CiKeHHs. OMUTYBaIbHUK
MaB TaKi pO3AiTHN: coriogeMorpadiqHnl; MITPUMKA TICUXI9HOTO 3I0pOB's (TUTaHHS
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PO 3BEpPHEHHS 3a npodeciiHo Ta HempodeciiHOK MiATPUMKOI 10 1 mix yac
BilfHHM); CAMOOIL[IHIOBaHHSI MEHTAJIBHOTO 30POB'sl Ta Onaronomyddst (3a IIKaIor0 Bi
0 1o 10 mo Ta micyis BiliHM); KOMIUIEKC 31 CTAHAAPTH30BAHUX IICUXOMIarHOCTHYHUX
IIKaJ Uit BHABJICHHS O3HAK IICHXIYHHMX PO3NajiB, a came: MOCTTPaBMaTHYHOTO
ctpecoporo poznany (PC-PTSD-5); nenpecii (PHQ-9); renepanizoBanoro
TpuBOKHOTO po3nany (GAD-7); cyinunansaocti (PSS); BKUBaHHS TICHXOaKTUBHUX
pedoBuH (CRAFFT), a Takox nopymens cHy (ISI). Ls myOnikamist mpeacrasisie
pe3yabTaTH, MOB'SI3aHi i3 YaCTWHOIO ONMHUTYBaHHS PO TCHXOJOTIYHY MiATPUMKY
MEHTaJBHOTO 3I0POB'sl YYACHHUKIB OCBITHBOTO TIPOLIECY.

KinbkicHe noCTiDKEHHS TMPOBOAMIIOCS Cepell CTYAeHTiB 17 BuimiB YkpaiHu
y JABa eTaly: TepIIMid eTarm OXOMWB Iepiof 3 KBiTHS mo udepBeHb 2022 poky
(1113 pecriongenTiB); npyruii eram — 3 BepecHs mo mucronany 2023 poky
(1398 onutyBanux). binbimicTh yuacHUKIB 000X oNHUTYBaHb Oynu BikoM 18—20 pokis
(59,7 % 1 82 % BianosimHO) Ta xxiHo4OI cTari (78,4 % 1 75,5 % BiANOBIHO).

SxicHe (okyc-rpynoBe JOCHIKEHHS Oylo MPOBEACHO JUIS OUIBII TIIMOOKOTO
PO3YMIHHS [TOTPEOU CTYACHTIB B OTPUMAaHHI IICUXOJIOTTYHOI MIATPUMKH IT1]] Yac BIHHH.
VY mectu Qokyc-rpymnax, npopeneHux y Oepes3Hi-kBiTHI 2024 poky, B3sUIM y4acTb
24 crynentn BikoM 19-21 pokiB (dakymsrery mcuxonorii, iHCTHTYTY Oiororii Ta
vequiman KHY imeni Tapaca IlleBuyeHka, QaxynbTeTy KOMI'FOTEPHOI iH)XKEHeEpii
Ta ynpaBiiHHS XapKiBCBKOTO HAIIOHAJIBHOTO YHIBEPCHTETY PasioeiIeKTPOHIKH) Ta
16 BukItagaqiB (IHCTUTYTY O10JIOTIT Ta METUITIHI, CKOHOMITHOTO (aKyJIETETY, BOEHHOTO
mcrutyty KHY imeni Tapaca IlleBueHka, ¢axyasTeTy KOMITIOTEpHOI IHKeHepii Ta
yrpaBmiHHsS ~ XapKIiBCBKOTO — HAITIOHAIBHOTO — VHIBEPCUTETY  PaJiOCleKTPOHIKH),
OUTBIIICTh 3 SKHUX MaloTh CTaKk poOot moHan 20 pokiB. ONHUTYBaHHS ITPOXOMUIIO
AQHOHIMHO. 3a 3ro/I0I0 YYaCHUKIB AMCKYCIS CYITPOBOKYBajach aymiozanucoM. CepemHs
TPUBATICTh (hOKYC-TPYITH CTaHOBWIIA 1,5 roj.

Yyacanku GoKyc-TpyI 0OTOBOPHIN YOTUPH OCHOBHI MTUTAHHS:

1) saxi Oap'epm 3aBaXkalOTh CTyIEHTaM 3BEPTATHCS 3a ICHUXOJOTIYHOI a0o
TICUXIaTPUYHOIO JOITOMOTO0?

2) SKi CTEpEOTHUIIH IMOAO OTPUMAaHHSA IICHXOJOTiYHOI abo IcHXiaTpHIHOT
JOTIOMOTH TIOIINPEH] cepen CTYAeHTIB?

3) uu 3AIACHIOIOTHCS Y BalllOMy HABYAJIHbHOMY 3aKNIaJli 3aXOAH MIOA0 MIATPUMKH
MEHTAJIBHOTO 37I0OPOB'S CTYEHTCHKOI MOITOi?

4) sKi MOCIYTH 3 MATPUMKH MEHTAIEHOTO 3I0POB'S IS CTY[ASHTIB BBa)KaETe
JOIUTFHAM BITIPOBATUTH HA PiBHI HABYAJIBHOTO 3aKIary?

Pesynpratin  (hoKyc-rpynoBoOro AOCHIKEHHS MPOAHATI30BaHO 3a JOTIOMOTOI0
cTpareriit TeMaTiaHoro aHanizy (Braun, & Clarke, 20006).

PesyabTaTn

3a pesyibTaTaMu IMPOBENEHOr0 JOCHIDKEHHS BHSBIEHO HU3BKUI piBeHb
TICHXOJIOTYHOTO OJIATOIONyYdsl Y TepeBasKHOI OLTBIIOCT] YKPaiHCHKHUX CTYHACHTIB: y
2022 p. Ha #ioro HM3bKHH piBeHb BKazamu 75,0 % crynenris, a B 2023 p. — 64,9 %.
3HavHa KUIBKICTh ONUTAHUX 3a3HAJM BIUIMBY TpaBMaTHUHUX noaiid 67,4 % (2022) i
91,1 % (2023). BusiBneHo 03HaKM MOPYLIEHb ICUXIYHOTO 3J0POB'S y CTYICHTIB:
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MOMipHi Ta Ba)KKi CUMIITOMH TpUBOTH y 44,7 % (2022) Ta 34,1 % (2023); momipHi Ta
BaxkKi cumnrtomu aenpecii y 47,2 % (2022) i 33,6 % (2023). binpm aeranbHy
iH(OpMaIlifo MO0 IHIKMX Pe3yAbTATIB MOKHA 3HAUTH y BiAMOBIAHUX CTATTSIX LOI'O
nociimkenns (Pinchuk et al., 2024, p. 121-151).

HesBakatoun Ha MOTipIIEHHS CTaHy MEHTAJIBHOTO 30POB's, 32 MCHXOJOTTYHOIO
MiATPUMKOIO 3 IBOX OMHUTAHKUX I'PYI 3BEPHYBCS JIUIIE MaiKe KOXKEH ChOMHM CTYIIEHT
—378 (15 %). Bomgnouac y 2023 p., Ha qpyruii pik BiiHH, moTpeda y ICUXONOTuHIH
JIOTIOMO31 3HAYHO 3pOCIIa, ITPH IIbOMY IIepEeBaXKHa OUTBIINICTh PECIIOHCHTIB HalalIu
repeBary 0COOMCTUM KOHCYIIbTAIisIM Yy (axiBIfiB (puc. 1).

51 BizBiyBaB/a rpynu B3a€MOIOIOMOTH

m2022 02023

S1 BigBinyBaB/ia IeHHUH cramioHap

S1 3anMImMBCs/ack B ICUXIaTPUYHOMY BIiUIIICHHI
a00 JikapHi

51 3BepHYBCSI 710 CIMEIHHOTO JIiKapsi

51 BxuBaB/na Jiku 6e3 NpU3HAYEHHS JIiKaps

S1 B)KMBaB/J1a JIiKH, SIKi MEHI TPU3HAYMB JIiKap

51 3arenedonyBaB/na Ha rapsqy JiHil0
IICUXOJIOTTYHOT JI0ITOMOTH

51 3BepHyBCs/nack 10 MCUXoTepanesTa

51 3BepHYyBCs/ach 0 ICUX0JI0ra

M'J‘” LI

51 3BepHYyBCs/Tach 0 MCHXiaTpa

0% 10% 20% 30% 40% 50% 60% 70%

Puc. 1. XapakTepucTUKH NOIIYKY NpodeciiiHOI MiATPUMKH cepel CTYAeHTIiB

VY 2023 p. HaifuacTime CTyAeHTH KOPUCTYBAINCS TOCITyraMu cuxomnoris (69 %)
nopiBHsHO 3 2022 pokom (5,8 %), mcuxorepanestiB (31 % 1 4,6 % BiamoBigHO) Ta
ncuxiarpiB (24 % 1 2,7 %). bimeme y 2023 p. pecnoHIeHTH 3BepTanuca 1 0
cimeitHux JikapiB (16 %), tomi sx y 2022 p. ix BigBimamu mume 1,4 %. Koxen
necatuil 3m00yBad Bumoi ocBiti (10 %) Ha apyruil pik BiiiHH TenedoHyBaB Ha
rapsdy Jigito, y 2022 p. — 1,9 %.

3nayHa vactuHa CcTyAeHTiB y 2023 p. (35 %) cramum mpuiiMatd OpH3HAYEH1
JiKapeM MeIMKaMEeHTO3HI npenaparty, y 2022 p. 1o Hux Baasamucs 5,2 %, a ot 6e3
MIpU3HAYCHHS JIiKaps iX BXKHWBajla MPUOTU3HO OJHAKOBA YACTKa PECIOHACHTIB (y
2022 p. — 11,4%, y 2023 p. — 16 %). BinHocHO HeBenuka TIpyna CTYIEHTIB
BiJBimyBaja rpynu B3aemononomoru (2,3 %y 2022 p. ta 7 %y 2023 p.). Hatomicts
TMIOIITYK MICUXONOTTYHOI MATPUMKH Y PiTHUX, OMU3BKUX Ta APY3iB OYyIIN MOMIUPEHUMHA
B 000x omutyBaHHiX (39,3 % — y 2022 p., 40,3 % — y 2023 p.). CaMOTyXKH
NICUXOTpaBMytodi Oap'epu nonanu Oinblie MOIoBHHU pecnoHAeHTiB (60,9 % y
2022 p. ta 55 %y 2023 p.). 3aranom, sIK oKa3aJin 0OuABa TOCHIKEHHS, moTpeda y
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MICUXOJNOTIUHIM Jonmomo3i cepen cryaeHtiB y 2023 p. mopiBHsiHO 3 2022 pokom
BiJUyTHO 3pOcIa.

Huckycii y ¢okyc-rpynax mokasaid, II0 3 MOYaTKy BilfHM CTaH ICHXIYHOTO
37I0pOB'S TIOTIpIIMBCA HE TUTLKU Y CTYIEHTIB, a i y Bukianauis. [Ipore, Ha 1ymKy
YYaCHUKIB, 3BEPHYTHCS 32 TICHXOJOTIYHOIO MiITPUMKOI 0araTbOM CTyIEHTaM
MEPEIIKOKAIOTh PsAJl Oap'epiB Ta CTUTM: HEOOI3HAHICTh, CTpax oOCyly Ta
PO3TOIIOIICHHS; BIEBHEHICTh Yy 3JATHOCTI BIIOPATUCS CaMOCTIHHO, (iHaHCOBI
oOMexeHHs; HemoBipa 1o mnpodecioHanismy  (axiBIiB;,  yIepemKeHICTb;
HEPO3yMIHHS CyTi JIOTIOMOT'HM; 3HCI[IHEHHS BJIACHUX MPOOJIeM; HEraTMBHHUMA JTOCBi
3BEpHEHb; Opak 4Yacy;, HErOTOBHICTh "BIIKPUTHCA"; MOOOIOBAaHHS, IO 3POOJIATH
00'€EKTOM JTOCITI/DKEHbB; YIIepeKeHa MO3MIIis ciM'T.

Ha nepemikoni, Ha epeKOHaHHSI YYaCHUKIB, TAKOX CTOITH PsiJl CTEPEOTHIIIB:
MICHUXOJIOTIYHA JIOTIOMOTa JIMIIIE JUIsl IICHXIYHO XBOPHX; 3BEPHEHHS JIO TICHXOJIOTa
— MPOSB ¢1a0KOCT1; MPoOIeMH BUPIIIATLCS caMi COO00; CTpax, 110 NEePETBOPSThH
Ha "oBoua"; peniriiiHi 3a0000HU; 3BUIBHATH 3 YHIBEPCHUTETY; HaBimo (axisili,
KOIU € Jpy3i 4M OaTbKH; HIYMM HE JIOMIOMOXYTh, @ Ha TPOIi PO3KPYTATH; a II0
JFONTA CKaXyTh?

YuacHuk# (HOKyC-TpyIl 3a3HAYNIIH, 10 Y BUIIAX CTAIN MPUIUISATH OUTBINE YBaru
MIATPUMII MEHTAJILHOTO 310poB's. JlitoTh ICHXONOriuHi ciryxou. IIpoBomuThCs
MICUXOJNIOTIYHA TIPOCBiTa Ta IHPOPMYBaHHS: TEMAaTW4HI KOH(EpeHIlii, ceMiHapH,
JICKIIi1, BeOiHapH, KypcH Toino. DyHKI[IOHYIOTH CIIeliaai30BaHi CaliTH Ta TelerpaM-
KaHaIM. 3a cJIoBaMM  CTYAEHTIB, IIO3UTMBHUI BIJIMB MawTb  KypcH
"Camomomnomora+"; miarpumMka y darti "Helper Hub", "Teenergizer"; rpymnosi cecii
Ta I'ypTKH.

BonHouac  y4acHMKM ~— HarojocWiIM — Ha  JOLUUIBHOCTI  3aIllpOBaUKEHHS
IICHUXOJIOTTUYHUX KaOIHEeTIB Ha (aKyIbTeTax; IITaTHUX IICUXOJIOrIB; CKPHHIHTY CTaHy
MEHTaJIbHOIO 310POB'S YYaCHHKIB OCBITHBOI'O IIPOLIECY AJISI BYaCHOTO BHUSIBICHHS
MICUXIYHUX TIOpYIIEHh 1 TepeHanpaBieHHs 10 ¢axiBliB; KypCcy B OCBITHIX
mporpaMax ympaBiiHHS cTpecom 'Camomomomora +"; cepBICY IOCTYITHHUX
TICHXOJIOTIYHUX TOCIYT; TPEHIHTIB 32 Y9acTIO TICHXOJIOTIB-TIPAKTHKIB; aJITOPHUTMY
Il MATPUMKE MEHTAJIBHOTO 3[IOPOB'S; OCBITHIX IPOTPaM 31 CTPECOCTIMKOCTI Ha
0a3i MPOBiTHOTO CBITOBOTO JJOCBiY.

Juckycisi i BHCHOBKH

bBinbmricte  3m00yBadiB  BHINOI OCBITH 13 TIOYaTKOM BIMHM dYepe3 IepeHeceHi
TICHXOJIOTTYHI TPABMU MAFOTh BiTIyTHI O3HAKH MOTIPIIEHHS ICHXIYHOTO 310poB'sL. [Ipore
JIMLIE He3HAYHA YaCTUHA PECIIOHICHTIB 3BepTanacs 3a ICUXOIOrYHOIO JOMOMOI 00, X04a
morpeda B Hi 3HaYHO 3pocTac. BusBneHo mmeBHI Oap'epu Ta CTEPEOTHIH, SIKi
MEPEILIKOHKAIOTH 3BEPHEHHIO CTYICHTIB 32 TICUXOIONTYHOIO MiATPUMKOIO.

PesynpraTti mociipkeHHs! CBigYaTh, MO MoTpeda y TICHXONOTIYHIA JIOmoMo3i
3pocTae i3 TPUBANICTIO BilfHM, a IrHOPYBaHHS MEHTAIFHUM 3JI0POB'IM Yy
MaiOyTHbOMY MOKE NMPHU3BECTU 10 PO3BUTKY IICUXIYHUX po3nazi. KoncraToBaHo,
o, X04 B YKPAiHCHKWUX BHIIAX OUIbINE CTAld TPUAUITH YBaru MiATPUMIL
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MEHTAJIBHOTO 3JIOPOB'S, IIUX 3aXOIB III€ HEMOCTATHHO i HEOOXiTHO PO3LIMPUTH Ta
MIOJTIMIIIUTH CEPBIC JOCTYIMHUX IICHXOIOTTYHUX MOCIYT.

Takum unHOM, HaOyBa€ aKTyadbHOCTI BIOCKOHAJICHHS CUCTEMH IICUXOJIOTIYHOTO
CYHPOBOIY CTYIEHTCHKOI MOJIO/1 B YKPAiHCHKUX BHILAX Ta HEOOXiAHICTH PO3pOoOKH
1 BIPOBA/KCHHS IHHOBAILIMHOT MOJIENI 3aXMCTy MEHTAJILHOTO 30pPOB's 3100yBaviB
BHIIOi OCBITH Y BOEHHHH Ta TIOBOEHHUH TIEPiO/IH.

HMonsiku, pxepena pinancyBanns. JJociiPkeHHS BUKOHAHO 3a JIOIIOMOTO0 IPAHTOBOT i ITPUMKH
Hamnionansaoro ¢onmy nocnmimkeHb YKpaiHu y Mexax koHKypcy "Hayka mis BinOynoBu YkpaiHu y
BOEHHMH Ta TOBOEHHMH mepiomn" y pamkax peanmizauii npoekrty "IHHOBamiiiHa Monenb 3aXHCTy
MEHTAJIFHOTO 3]I0POB'S CTYIEHTCHKOI MOJOJlI y BOEHHHI Ta MOBOEHHHWII mepiomn" (peectpamiitHuid
HoMmep 2022.01/0030).
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MENTAL HEALTH OF STUDENTS: NEED FOR SUPPORT IN WARTIME

Introduction. Thewarin Ukraine has become a significant additional stressor for
most students. The purpose of this publication is to identify the need for support and
protection of the mental health of higher education students during a military conflict, as
well as to meet this need.

Methods. The readiness of participants in the educational process to seek help from
mental health professionals was studied. Barriers and stigmas that prevent students from
receiving timely qualified help, as well as the availability of psychological services at
universities, were analyzed. The research was conducted using online surveys and focus
groups. The online survey was conducted in two stages and covered 2,511 students from
17 universities in Ukraine.

Results. The study revealed signs of worsening in the mental health of the majority
of respondents and a small number of requests for qualified help from them. It was found
that most often students resolved their psychological problems on their own or sought
support from family, friends, and close ones.

Conclusions. Afocus group study involving 40 students and teachers allowed for a
deeper understanding of the need for psychological support for the mental health of higher
education students, identifying certain barriers and stereotypes that prevent them from
seeking specialized help. The available options for receiving psychological help were
identified, and suggestions for providing and improving psychological support services were
studied. Implementing the results obtained into the practice of Ukrainian universities will
improve the effective psychological support of students during their studies in wartime to
maintain their mental health.

Keywords: mental health, students, focus group, need for support, war.
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1/lepxaBHa ycTaHoBa "HanioHa/bHUN HAyKOBUH LEHTP

pajianiiiHoi MeAUIMHHU, reMaToJIOTii Ta OHKOJIOTIi

HanjioHanbHoOI akaaeMii MeANYHMX HAayK YKpainu", KuiB, YkpaiHa

2 KniBcbKMi HanjioHa/IbHU#M yHiBepcuTeT iMeHi Tapaca llleBueHka, KuiB, Ykpaina

JI0CBIJI BUBYEHHA HEHPOIICUXIATPUYHUX 3MIH Y OCIB,
1110 MOCTPAYK/IAJIU BHAC/I1/10K ABAPII HA YOPHOBUJIbCbKIH AEC

B c Ty 1. Asapis Ha YopHo6uawvcekiii AEC, 26 keimHs 1986 p. susHaHa Ge3npeyedeHInHolo,
sesiukomacuima6Ho kamacmpoghoro XX cmopivus. OdHiero 3 ii oco6.1usocmeii € NOEOHAHHA
8nuey ioHi3y104020 onpomMiHeHHs T IHWUX YUHHUKIE HepadiayiiiHo20 NoXodJceHHs, 30Kpema
makux, K: eaxcKi memaviu, ncuxo/02iyHuii i coyiansHuili cmpec 8ucokoi iHmeHcueHocmi Ha
cmaH 390po8’ss nocmpaxcoaaux. Ha ocHosi dociidzicers, nposedeHux y 8iddini padiayitiHoi
ncuxonesposiozii [Hcmumymy kKaiHiuHoi padiaaozii /JlepstcasHoi ycmaHoeu "HayioHansHuil
Haykoeguil yenmp padiayiiiHoi meduyuHu, zemamosozii ma oukosozii HayionaavHoi akademii
Medu4yHux Hayk Ykpainu” (daai - IKP HHIIPMIO), ecmaHog/1eHO deKiibka MeXaHi3mie
padioyepe6paabHux edhekmis. B yuacHukie sikeidayii Haciiokie asapii Ha YopHo6uascekiii AEC
(@ani - YJIHA Ha YAEC) suse/1eHO 03HAKU OpP2aHiYHO20 YPAJCeHHsI 20/108HO20 MO3KY 3
nepesajcHUM 3a/1y4eHHAM KOPMUKO-1iMGiUHOI cucmemu sigoi (domiHaHmHoi) niekyai 3
meHdeHyielo do tiozo Aughy3Hozo nowupeHHA. Bupadiceni nopywieHHsi iHghopmayitiHux i
KO2HImueHUX npoyecie 20/108H020 MO3Ky Ha mui (hyHKYioHa1bHOI 2inoghpoHmassHocmi
06yMmMoe/11010mb Heo6XioHicmb nodaasWux 00c/1idceHb 3 Memol0 CB0EYACHO20 BUSIB/AEHHS
03HaK de3adanmueHozo0 HellpoKozHimueHoz0 dehiyumy (demeHyii).

BucHoBKku. Takum yuHom, doszocmpokoei padiayiiiHo- i HepadiayiliHo-acoyitiogaHi
HeliponcuxodghizionoziuHi ma HellpokoeHimueHi po3/1adu, wo UHUK/IU 8HAC/1I00K YOPHOGUILCLKOT
Kkamacmpogu ma iHWUX pi3HOMAHIMHUX NCUXOMPAGMYIOHUX cumyayill, € 3HA4HOI0 HAYKOBO-
NpaKmu4Hol0 ma MeduKo-coyia1bHo0 npo61emolo, AKa nompeGye nodaabuux HAYioHaAbHUX i
MiCHapodHUX 0C/1i024ceHb 3 adeK8amHUM d03UMempU4HUM CYyNPO8OOOM.

Knw4uyoBi cunoBa: YIHA na YAEC, ioHi3yloue onpomiHeHHs, padioyepeGpanbHi
eghekmu, Heliponcuxiampu4Hi ehekmu.

© Mepuyk Ipuna, Ky KoctsutuHs, Kpetinic l'eopriii,

3aaneBu4 Hatasis, Yymak Craniciaas, 2024
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Beryn

Baxxnupo, 1o BHaciinok YopHOOMIBCEKOT KaTacTpodu Ta MOCTIHHO iICHYFYOT0
PU3UKY BHHUKHEHHS pajialliiHMX HAA3BHYAHUX CHTYyalliil CBITOBHMI iHTepec a0
pazionepeOpaibHUX €(eKTiB Ta MpoOIeMH PaiodyyTIMBOCTI TOJIOBHOTO MO3KY
cyTTeBO 3pic. [lopyieHHs ICUXIYHOTO 30POB'sl MOCTPAKIATUX YHACTIIOK aBapii Ha
YAEC i, 3okpema, YJIHA nHa YAEC, yxe &IaBHO € MDKHApOJHO BHU3HAHOKO
MPIOPUTETHOI MEIMKO-COI[IAIbHOK MpodiieMor0 HopHOOMIIBCHKOTI KaTacTpodu.
[puuran mosiBM 11  HEWpONCHUXIaTPUYHHUX HACTINKIB 3aJIMIIAIOTBCS  BKpai
JUCKyciiHUMU. KITIOUOBOIO MATONOri€r0 €: po3Jiajiy, MOB'sI3aHi 31 CTpecoM; eheKTH
Ha FOJIOBHUH MO30K, III0 PO3BUBAETHCS; OPTaHIvHI IICUXiYHI pO3JIan i caMoryOcTBa,
a TaKoX CepIleBO-CYIMHHI 3aXBOpIOBaHHs (Y T. 4., epedpoBackyisapHi) B YIIHA na
YAEC (ba3uka, 2021, c. 142).

Yke TpuBaIHi niepiof] BiIin paianiiinol ncuxonesponorii IKP HHIIPMI'O nix
KEepIBHUIITBOM J-pa Mea. Hayk, npodecopa K. M. Jloranoscekoro (1966-2022)
3aliMa€ThCsl BUBYEHHSIM CTaHy ICUXIKH, HEPBOBOI CHCTEMH Ta iX (PyHKIIIOHAIBHO-
CTPYKTypHOro 0Oasucy (30KpeMa HeHpodi3ioaoriYHuX Ta KIIHIKO-PaaioNoridHux
JOCTIKEHb) Y 0Ci0, 1110 3a3HaJIM PaIiallifHOro BILIMBY BHACTIIOK YOPHOOMIIBCHKOT
KaTacTpodu Ta 3a IHIIMX CIEHapiiB ONPOMIHEHHS TOPIBHSHO 3 YpakKeHHSIM
TOJIOBHOTO MO3KY B HEOIIPOMIHEHHX Ta BIKOBOIO HOPMOIO.

Memoro Hnawoi ananimuunoi podomu Oyno TIOKA3aTH aKTyaJbHICTH
HAKONMYEHNX 3HAHb CTOCOBHO HETATUBHHUX HEHPOICHXIaTPUYHHUX €(EKTiB BIIUBY
10HI3yI0YOTO OINPOMIHEHHS Ta BaXKIHMBICTh IPOMOBKEHHS MOCTIIKEHb Y IIBOMY
HaIpsiMi, 0COOIMBO BpaXxOBYIOUH BOEHHHH CTaH y KpaiHi Ta CHTYaIIii, 1o cKaizacs i
MOXXYTh CKJIACTHCS] HABKOJIO aTOMHUX €IEKTPOCTaHIIIH.

Y HamoMy aHATITHYHOMY OIJISAI Oy BUKOPUCTAHI PETPOCIICKTUBHI pe3yIbTaTH
JOCITIDKSHD BIIUTY pamiaiifHOl TICHXOHEBPOJIOTii, TOOTO Pe3yIbTaTh JTOCHTiIKEHb
YJIHA na YAEC Ta eBakyiloBaHWX 3 BHKOPHUCTAaHHSIM KBaHTH(IKOBaHUX
HEHpOIICHXiaTPUIHHX, HeMpodi3ionoriayHuX (CIIOHTaHHA 1 BUKIIMKaHa mepedpanbHa
OloeNeKTpUYHa  aKTHBHICTh HA  CEHCOPHI Ta  KOTHITHBHI  CTHMYJH),
HEHPOIICHXOJIOTIYHHX Ta JJa0OpaTOPHUX METOMIB TOCITiHKCHHS.

3Hauym pe3ynbTaTd BUBYEHHS HEHPONCHXIATPUYHUX HACIINKIB OMpPOMiHEHHS
Oynu micis atoMHUX OoMOapayBaHbs Xipocimu Ta Haracaki. BusnaHo, mo aToMHi
OomOapmyBaHHS CYyTTEBO BIUIMHY/IM Ha CTaH MCHUXIYHOTO 3IOPOB'SI MOCTPAXKAATUX.
[IpugoMy cepem moTepmiaMX, SKi Mald CHMITOMH TOCTPOTrO padiamiifHOTO
YpaXKeHHsI, 9aCTOTa HEBPO3OIMOMIOHIX CHMITOMIB Oyiia BHIIOO IMTOPIiBHSIHO 3 THMH,
koTpi He Mamu Takoro ypaxenHs (Honda et al., 2002). IlommpeHicTs TpuUBOTH i
CUMITOMIB COMAaTH3aIlii cepel THX, XTO BIDKMB ITiCIS aTOMHUX OoMOapayBaHb,
MepeBUIlyBajla 3a TaKy B TMOmynslii HaBiTe uepe3 17-20 pokiB micius
OomOapayBaHHS, IIO CBIIYUTH PO JOBTOCTPOKOBY NPHPONY ICHUXIQTPHYHUX
edpekriB. [lcuxiarpuuni Hacmigku Oynu  He3ale)KHHMMH Bl COMaTUYHUX
3axBoptoBasb (Yamada, & Izumi, 2002).

[Ticns aBapii Ha AEC ®akycuma-1 npu obcTexxeHHi 0cib, sSKi npoXuBanu 01t
i€l cTaHIil, TakoK Oyl BUSBIIEHI MPOOIEMHU TICHXIYHOTO 310pOB's. B ocHOBHOMY
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e OyaM TOCTTPaBMATHYHI peakilii, MCUXOJOTIYHUN BIUIMB HAa WICHIB POIUHH,
JISTpecis Ta caMOryOCTBO, a TaKOXK pajialliiHe 3aHCIMOKOEHHS Ta 3aHCTIOKOEHHS
CBOIM 3I0pOB'AM y MailOyTHbOMY. BBaskaeTbcsi, mo Oarato i3 mux mpoodieM
MICUXIYHOIO 310pOB's Ayxe crienudiuni as saepuoi kpusu (Maeda, & Oe, 2017).

B ornsini Ha OCHOBI POCIIEKTUBHUX KOTOPTHHUX JOCHTIIKEHD Ta IOCTIIKEHD "10
i michs", SKi OXOIUIIOBANM OiNbIle JIBOX YacOBHUX TOUYOK, OylIW BHUSBICHI
JIOBIOCTPOKOB1 TIOPYIIEHHS TICUXIYHOTO 30pPOB's Ticis aBapiidi Ha Tpu Maiinenn
Aitnenn, Yopaoomibscekiit AEC ta @ykycumi. A ocHOBHUMH (DaKTOpaMu PU3UKY
OUX TIOpYIIeHb BHU3HAHO pIiBEHb paliallifHOTO OMpPOMIHEHHs, pafialiiiae
3aHEMOKOEHHS Ta 3aHEMOKOEHHs CBOIM 3710poB'sM (Oe et al., 2021).

B YJIHA na YAEC Ta eBakyiioBaHMX 0Ci0 BCTaHOBJICHO 3HAYHO ITiIBUILEHI PIBHI
MICUXIYHUX 1 MTOBEAIHKOBHUX PO3JIaJIiB, CYTUHHOI JEMEHIIii, 3JIOBKUBAHHS AJIKOTOJIEM,
Jerpecii Ta "mocrpamianiiiiai" mocrrpaBMaTHuHi crpecoBi podnaau (mami — [ITCP).
CUHApPOM 3aJIOKHOCTI BiJl aJKOTOIIO 1 3JIOBXKHMBaHHS ankoroieM B YJIHA
PO3BHMBAIOTHCSI BTOPUHHO BHACIIZOK ICHUXIYHHUX PO3JAIB, 110 BHHUKIM PaHIIIe
(JToranoBcekuit, 2002). BusnaueHo no0303aiexHi IepeOpaibHi MOPYIISHHS, SKi
HACTAIOTh ITICJIsl BIUIMBY 30BHINIHBOTO ONMPOMIiHEHHs B J103ax > 0,3 3B Ta OionoriuHi
MapKepH pajialliifHoro ypaskeHHs TOJIOBHOrO MO3KY Mpu no3ax > | 3B. BusiBiieHo
paniamnifiHo-acoIiioBaHy KOPTHKONIMOIYHY JTUCHYHKITIFO JIBOT JOMIHAHTHOT MIBKYJII.
[MorenniiiHi  pamioiHayKoBaHi HEUpOINCHXIaTPUUHI e(PEeKTH MOXYTh CIPUSATH
TIPUCKOPEHHIO CTapiHHs Ta Helipoxerenepariro (Loganovsky, & Yuryev, 2001).

BucnosneHo mpumyieHHs, 10 CUHIPOM XPOHIYHOI BTOMU € XapaKTepHUM
HACJIAKOM BIUIMBY MaJMX 103 pamiamii Ta ctpecy. IIpocrekTuBHE DOCIIHKCHHS
TepcoHaly, o IpaIfioBaB HaJ meperBopeHHsAM ob'ekra "Ykputta"' Ha YAEC Ha
EKOJIOTIYHO Oe3MeyHy CHCTeMy, IMOKaszayio, IMo BIUMB Mamux A03 (0-56,7 M3B,
M £ SD: (19,9 + 13,0) m3B) i mpoMuciaoBuX (HAKTOPIB PU3UKY MOKE TIPU3BECTH 10
BUHMKHEHHS KOTHITHBHOTO CHHAPOMY XPOHIYHOI BTOMH. BcTaHOBIEHO, 1m0 0coow,
SKi paHille 3a3HaNM BIUIMBY 1OHI3YIOUOTO BUIIPOMIHIOBAHHS, ajie 3aJUIIFINCH
3IOPOBUMH, € OLTBII CTIHKUMH 110 TTofasbinoro onpominenas (Ilepayk, 2011).

Bussrneno, mo BIUIMB 10HI3YIOYOTO BUIIPOMIHIOBAHHS 1 TICHXOJIIOTTIHOTO CTPECY
BHACTI/IOK pajiaiiiifHOi HAJ3BHYAHOI CHUTYyamii y BigmaleHWd mepion micis
Yoprobumnscbkoi karactpodu B YJIHA Ta eBakyiioBanux i3 YopHOOMIBCHKOT 30HU
BimuykeHHs1 BukimkaB xapakrepHi I[ITCP, mo xomopOigai 3 mempecieto,
HEHPOKOTHITUBHUM  JediuTOM 1  [epeOpOBacKyISIpHOIO  TATOJIOTIEr0.
HeiipokoraituBanit nedinuT y moctpaxnammx yHacminok aBapii Ha YAEC 3 IITCP
€ BUIIMM, HDK y BerepaHiB BiitHm B Adranicrani. "[loctpamianiiiauit”" ITTCP
XapaKTEepU3Y€EThCS TPOEKINEI0 CTpaxy 1 HEBHNEBHEHOCTI B MalOyTHbOMY
("aHTHIMIIATOPHUIN CTpec") CTOCOBHO PaKy, BPO/PKEHHUX BaJ PO3BUTKY y HAIIaJKiB
tomo. B YJIHA 3 IITCP nigBuiieHi pu3uKy iHCYIBTY Ta aTepOCKIEepO3y, BUSBIICHI
TAKOK JUC(HYHKLIS HEOKOPTEKCY, TIIOKaMIly Ta CEPEAMHHUX CTPYKTYP TOJIOBHOTO
MO3Ky (3maneBud, 2012).

Bcranosneno, mo gedinut 3aransHoro 1Q 3a paxyHOK 3HMKEHHS BepOajIbHOTO
IQ MoxHa po3mIAgaTH SIK HEHPOICHXONOriuHI MapKepy KOTHITUBHUX HOpPYLIEHb B

364 Bunyck 1



MeauyHa ¢izuka - cydacHU# cTaH, Npo6JieMH, HUISIXU po3BUTKY. HoBiTHI TexHoJ1OTii

VJIHA nva YAEC i3 XpoHi4HO0 11epeOpOBacKyIsIPHOO MATOJOTI€0, SIKi B1IOUBAIOTH
JaTepalTizailiio ypakeHHS 10 JIiBOI (JIOMIHAHTHOi) remic)epu TOIOBHOTO MO3KY.
[Ncuxodizionoriynnmu Mapkepamu KorHiTuBHUX nopymens B YJIHA na YAEC i3
XPOHIYHOK  I[epeOpPOBACKY/SIPHOIO IMATOJNOTIEI0 € 3HUKEHHS CIEKTPaJbHOL
MOTYXXHOCTI TeTa-Aiana3oHy y JiBii JIOOHO-CKPOHEBIM AUISHIN Ta 30LTbIICHHS
JIATCHTHOT'O Tepioay 1 3MEHIIICHHS aMILIITYId KOTHITUBHHUX CIIYXOBHX BHKJIMKAHUX
noreniianie P300 y 3oni Bepnike (Ky, 2018).

Ponp i0HI3yIOMOTO BHUNPOMIHIOBAHHS B TaToOreHe3i aeKTUBHUX PO3NAIiB Y
OMPOMIHEHUX OCi0 31 CHOPUSTIMBUMH IICHXOOIONOTiYHMMH pucamu  Oyna
MIATBEP/DKEHA HAIMM  JIOCTIDKCHHSM, SKE II0Ka3ajlo 3B'SI30K TCHOTHIIB 3a
noiiMopdizmamu SHTTLPR 1rs25531 rena SLC6A4 3 adyeKTUBHUMU 1 KOTHITHBHUMH
nopytieHHsamu 'y YJIHA, 1o CBiI4MTH NPO HASBHICTH HEHPOICHUXOOIONOTIYHUX
0COONMMBOCTEN IMX TIOpYIIEHb, TMOB'A3aHUX 3 10HI3YIOUUM BHITPOMIHIOBAHHIM
3aJI©KHO BiJl TEBHUX TEHHUX NoiniMopdisMiB. AdekTHBHI po3naau (nempecis) i
HEHPOKOTHITUBHUN JeilUT BUSBHIMCH BUPA3HINIMMH 32 OUIBII BHCOKUX JI03
onpomineHHst (> 50 M3B). Hocii reHoruniB cepennboro i Hu3bkoro piBas (LA/S,
LA/LG, LG/LG, LG/S, S/S) rena tpancnoprepa ceporoniny SLC6A4 maroTh OibIie
JICTIPECUBHUX PO3JIAJIIB, OCOOIMBO TSDKKMX TMPH TEHJCHINT JIO0 3POCTaHHS YacTOTH
KOTHITUBHHX 1 cTpecoBuX posinamais (Loganovsky et al., 2018).

[licnst TpoBeNEHNX PETPOCIEKTUBHO-TIPOCIIEKTUBHUX KOTOPTHHX  KIIIHIKO-
enigeMionorigHux gociimkeHb YJIHA 3 HasBHICTIO y HUX 103 BHYTPIIIHBOTO
OIPOMIHEHHS BUSABUJIOCS, IO ITPH 30BHIMTHEOMY Ta BHYTPIITHEOMY KoHTpoi YJIHA
MaloTh €KCIIeC KOTHITMBHHX, a()eKTUBHHUX Ta IOB'SI3aHMX 31 CTPECOM pO3JadiB.
Pu3uK BMHHUKHEHHS 3aXBOPIOBaHb 3pOCTa€ 31 30LIBLICHHSIM JO3HM OIMPOMIHEHHS.
PamiamiifHi pU3WKW BHABICHO I OPTaHIYHUX IICHXO03iB, HEMCHXOTHYHUX
OpPTraHIYHUX ypa)keHb TOJIOBHOIO MO3KY, TOCTPOI Ta XPOHIYHOI I1epeOpOBaCKYIAPHOT
natonorii (Loganovsky et al., 2020).

HeiipoodransmomerpryHi AOCTIKEHHS Y BiAIAJICHUNA TIEPiOl OMPOMIHEHHS y
nopocnomy Bimi Bepudikysanu B YJIHA HasBHICTh TICHXOIATONOT I9HUX MPOSBIB Ta
HeifpokorHiTiBHOT  aucyHKIii. Heipodiziomoriuamm 0Ga3mcom  pamiariifHo-
acortriiioBaHo1 11epedp oo TaTHFMOIOTYHOI ITATONOT] € YpaskeHHs KOPTUKO-TIMOI9HOT
CHCTEMH TOIIOBHOTO MO3KY Ta IEHTPaJhbHHX MeXaHi3MIB adepeHTallil Ha BHUIIUX
piBHSAX TpolieciB 0OpOOKHM Bi3yanbHOI iHGOpMaIii y BTOPUHHUX Ta TPETHHHUX
KIpKOBHX 30HaX 30pOBOTO aHaji3aTopa. YIepiie BU3HAYeHO CHBOPOTKOBHIA PiBEHb
BDNF y ompomineHux mromeil i3 HOro 3HIDKEHHSIM MPOMOPIIHHO 10 BIiKy Ta
30LTBIIIEHHIO HEHPOKOTHITHBHOTO AeiuTy K OiomMapkepa 1epedpaibHIX YpakeHb
(JloranoBcwkmii, 2021).

OcTaHHIM YacOM BHMHHKJIA HarajlbHa HEOOXIJIHICTH OIL[IHIOBAHHS ITOTEHIIMHUX
pamioniepeOpanpbHUX  e(deKTiB  dYepe3 Mpu3My TpPaHCHOPMYIOUOTO  BIUIUBY
eKCTPEMAaJIBbHOrO EMOIIIfHOr0 CTpecy Ta IHIIMX HECHPUSTIMBHX YHHHHKIB, SKi
3'ABUJIMCH YHACIIOK IOBHOMACIITAOHOrO BTOPTHEHHS p Ha TepuTopito YKpaiHy, i
BBE/ICHHs B YKpaiHi BOEHHOro craHy 3 24 motoro 2022 poky, o Hapasi TPUBAE.
BilickkoBi mii, sIKi TPUBAIOTh HA TEPHUTOPIi HAIIOI JEepXKaBU BXKE MOHAJ J[BA POKH,
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3HAYHO MIJABHIIMIN PU3MKA BUHUKHEHHS paliallifHUX HAA3BHYAMHUX CHUTYyamii:
aBapiii Ha girounx suepHUX peaktopax (3amopizbka AEC) Ta BenMKHX sepHHX
o0'ekrax (oO'extr "YkpuTTHA"), SAEPHOrO TEPOpU3MY 13 BHUKOPHCTAHHIM
JUCIIEPTYIOUoro  paiioioriyHoro mnpuctporo ("OpymHoi OomOu'"), a Takox
3aCTOCYBaHHS TAaKTHYHOI 1 CTpaTerivyHoi saepHoi 30poi.

VY mnpanisaukis [CIT YAEC, sxi mepeOyBanu Ha poOOYHX MiCISX B yMOBax
okymanii YAEC pociiicbkumu BiticbkoBuMu 3 24.02 o 31.03.2022 poky BKITIOUHO,
BUSIBJICHI EKCIIECH, TMOB's3aHi 31 cTpecoM 1 COMaToGOPMHUMH pO3JIaZaMHu,
nepeBakHo BHachigok IITCP. ¥V mpaunisaukie JICII YAEC ymepiie BusBIeHI
HEraTHBHI KOPEJIIHHO-perpeciiiHi 3aIeKHOCTI MK NOKa3HUKaMu (pakmiiHoi
aHI30TPOIIii y BEpXHBOMY JIOBFOMY IOB3/I0BXKHBbOMY IyuKy (fasciculus longitudinalis
superior) npaBoi nepedpaibHOi remMicdepu, HUHTYIIPHOMY MKy (cingulum) miBoi
remichepu Ta Oanamu 3a mkajgow PCL-5. Take 3MeHIIeHHS HIIbHOCTI OUI101
PEYOBMHH TOJIOBHOTO MO3KY B IepeOpalbHUX MPOBIAHUX IILIAXaX MOXKE CBLAYMTH
PO HEraTHBHUI CHHEPTIYHUI BIUIMB TPUBAJIOTO cTpecy 1 Manux 703 [B He nunre Ha
KITIHIYHOMY, TIcHX0(i310I0ri4HOMY, ajie i Ha HeHpoaHaTOMIYHOMY piBHSX. [HITUMM
CIIOBaMU, 1€ MOXE CBLIYMTH NpO Oe3rmocepenHiil BIUTMB Ha CTPYKTYPY TKaHWHH
TOJIOBHOTO MO3KY JIFOJIHH, & OTKe€, Y TIONANBIIOMY 1€ MOXKE IPU3BECTH JIO PO3BUTKY
CTIHKMX KOTHITUBHUX TIOpYyIIeHb. BusiBIeHI 3MiHM MOTPEeOYIOTh TOAAIBIIOrO
CIIOCTEPEXKEHHSI M YTOYHEHHS 3 METOI 3'CYBaHHS iX JMHAMIKH Ta CTyIEHsS
3BopotHocTi (Kyir Ta iH., 2023).

Juckycist i BHCHOBKH

TakuM 9UHOM, pe3yIbTaTH JOBrOTPUBAIOrO BUBYECHHS HEHPOIICHXIATPHYHUX 3MiH Y
0Ci0, 110 MOCTpaXkIaJI BHACIIOK aBapii Ha YopHoOmberkiit AEC, mpecrapiieHi B ik
AQHATITHYHIA pOOOTI, CBIUATh: no-Nepuie, TIPO aKTYATBHICTh 1 TIEPCIIEKTHUBHICTD ITHUX
JIOCITIDKEHb, OCOOIMBO B YMOBAX TIOIH, sIKi BiAOYBArOThCS CHOTOIHI B HAIIIM KpaiHi;
no-opyee, IHCKYCIHHICTh TIPUYMH BWHHUKHEHHS HEHPONCHUXIaTPHYHUX 3MiH €
MATBEPIPKEHHSIM  HEOOXIMHOCTI 1 BaKIMBOCTI ITONANIBIIIONO CIOCTEPESKEHHS Ta
pO3pOOKK ¥ BITPOBAHKECHHS 3aralbHOHAITIOHAFHOI CHCTEMH OXOPOHH TICHXIYHOTO
370pOB'S  TIOCTPAXKIATMX YHACTIMOK YOpHOOMIBCHKOI KaracTpohW Ta MOXIIUBUX
pamiamiifHAX aBapisfix 1 TEPOPUCTHYHMX aTakax i3 3aCTOCYBaHHAM PaioiOridHOrO
mucnepryrodoro mpuctporo ("opymroi 6omMon"). ToOTO McMXomoriyHnil cTpec BUCOKOT
IHTEHCUBHOCTI B TIO€AHAHHI 3 OCOONMBOCTSIMHU CIPUNHSITTS PU3UKY palialiiHIX
HQ/I3BUYAHHAX CHUTYalliil MPU3BOAATH JO COIIaJbHUX 3MiH, MOPYIIEHb IICHXIYHOrO i
(hbi3YHOrO 370pPOB's, ICHXOCOMATUYHNX PO3JIA/IiB, OHKOJOTTYHUX Ta HEOHKOIOTTYHUX
3aXBOPIOBaHb. BmHie3a3sHaueHe 00yMOBIIOE HEOOXiTHICTh MEIUYHOrO MOHITOPHHTY,
PO3pOOKK Ta BIIPOBAPKEHHsI IHHOBAIIHMX ITIIXOMIB 3 MiHIMIi3allii HACIIIKIB BIUTUBY
TICHXOTPaBMYIOUHX CHTYAIlill, TOB'SI3aHUX 13 HAI3BUYAHUMHE TIOMIISIMU PaJlialliiiHOTO Ta
HepaJIialiifHoro Xapakrepy.

Buecok apBropiB: Ipuna Ilepuyk — KOHIENTyasi3allis, HANHWCAaHHS — OpUTiIHAJIbHA YEPHETKA;
Kocrsutun Ky — Bamijailis JaHux, HamdcaHHS — OpWriHanbHa d4epHerka; leopriii Kpeitnic —
mporpamHe 3abe3nedyeHHs, GopmaipHui aHami3; Haramist 3maneBn4 — HamucaHHS — Teperyisig i
penarysanHs; CranicnaB Uymak — HalmmcaHHS — HEPENIs 1 pefaryBaHHs.
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EXPERIENCE IN THE STUDY OF NEUROPSYCHIATRIC CHANGES
IN PEOPLE AFFECTED BY THE CHERNOBYL ACCIDENT

Introduction. The Chornobyl accident of April 26, 1986, is recognized as an
unprecedented, large-scale catastrophe of the twentieth century, representing the combined
effects of ionizing radiation and other factors, such as heavy metals; and enormous
psychological and social stress on the health of the victims. The purpose of this paper is to
reflect the accumulation of knowledge on the neuropsychiatric effects of ionizing radiation
exposure. Based on the studies conducted at the Department of Radiation Psychoneurology of
the ICR NRCRMHO, several mechanisms of radiocerebral effects have been identified. The signs
of organic brain damage with predominant involvement of the cortico-limbic system of the left
(dominant) hemisphere with a tendency to its diffuse spread, severe disorders of information
and cognitive processes of the brain against the background of functional hypofrontality were
detected in the Chornobyl NPP survivors, which necessitates further research to detect signs of
maladaptive neurocognitive deficit (dementia) in a timely manner.

Conclusions. Thus, Iong-term radiation- and non-radiation-associated
neuropsychophysiological and neurocognitive disorders due to the Chornobyl disaster and
various psychotraumatic situations are a significant scientific, practical, medical and social
problem that requires further national and international research with adequate dosimetric
support.

Keywords: Chornobyl accident, ionizing radiation, radiocerebral effects,
neuropsychiatric effects.
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MEHTAJIBHE 3/I0POB'SI TA IPOJAYKTHUBHICTh
AKAJIEMIYHOI JISI/IbHOCTI YKPATHCbKHX CTYIEHTIB
Y EPIO/J, BINHU

Bcryn. Iy6aikayisa npucesidyeHa aHai3y MeHMA/bHO20 300p08’ss cmyodeHmis
3akaadie suwjoi oceimu nid yac giliHu ma 1020 én/ugy Ha npodyKmueHicms akademidHoi
dissiibHOCMI cmydeHmcvKkoi M0100i 8 YKpaiHi.

MeTtoau. Po3easHymo cymHicmev i XapakmepucmukKu MeHMA/aAbHO20 300p08's
cmydeHmis, a makodxc cneyughiky 3MmiH IXHb020 ncuxoemoyiliHo20 cmaHy y nepiod
Has4aHHA 8 3aK/1adax suwyoi oceimu nid en1usom cneyughiuHux cmpecosux ghakmopis, sAKi
3YMO08./1eHi 60EHHUM CMAHOM Ma nNocMitliHUMU pusukamu pakemuux ydapie no MupHux
Micmax ma yueinwHiil ingppacmpykmypi.

PesyabTaTtu. JocaidyiceHo 0cCHO8HI 8udu ncuxiyHuUX po3/adie ma nowupeHicmv
cumnmomie denpecii, mpueo0#cH020 po3/1ady, NoCMMmMpasmMamu4Ho20 CmMpecoeoz2o po3.1a0y
ceped ykpaiHcbkKux cmydenmie nid uac eitiHu. Bys1o eusiesneHo Had3euuaiiHo eucokull
gidcomok pecnoHdeHmie i3 cumnmomamu denpecii (85 %) ma mpueoicHoz2o po3aady
(66 %). Ha ocHogi cmamucmu4Ho20 aHa1i3y 0aHUX ONUMYSAHHSA CMyJdeHmMi6e 6iM4uU3HAHUX
YHieepcumemie 06IpyHMO8aAHO He2amusHUll eén.1ue npo6.aem y cfepi MeHMANbHO20
3d0poe’s1 Ha npodyKmueHicmb iXHbOoi akademiyHoi dissAbHOCMI.

BucHoBKkHU. /JosedeHOo, Wo BUHUKHEHHS NCUXiYHUX po3.1adie i nopyuleHb ceped
YKpaiHcbKux cmydenmie nid yac eiliHu nepewkodiicae 3006ymmio 3HAHb Ma po36UMKy
KomnemeHyitl, Heo6XxidHUX 0151 MailiGymHwvoi npodhecitioi dissabHOCMI, WO € odHiel i3
3a2po3 ycniullHoMy N080EHHOMY 8i0HO8/1EHHI0O eKOHOMIKU YKpaiHu Ui sumazae adekeamHux
ma ceoe4acHux 3axodie y 2asy3i ny6aiuHOi noAimuKu 0XopoHU MeHMa/abHO20 300p08's
cmydeHmMcvKoi M0100i.

KnwyoBi ciaoBa: mMeHmaavHe 300poe’s, giliHa, npodykmueHicms, akademiyHa
disiibHICMY, NncuxivyHi po3aadu.

Bcemyn
[loBHOMacmTabHEe BTOPTHEHHS pocii B YKpaiHy 3yMOBWJIO MAacCIITaOHY
ryMaHiTapHY KatacTpody, 3arOCTPHUBIIN PsiA IPOOIeM, sIKi ICHYBaJM i paHilie, ane
CTaNl OCOONMMBO aKTyaJ bHUMH ITCI MOYaTKy BiHU. OIHIEIO 3 TaKkuX MpodieM €
3pOCTaHHS KUTBKOCT1 CTY/IEHTIB 13 ICHXIYHIMH PO3JIa/1aMH Ta MOPYIIESHHIMH, 110 HE
nutre 30epiraTuMe akTyalbHICTh ITi/T YaC BOEHHOTO CTaHy, aje i MaThuMe BaXKIIUBUI
BIUIMB Ha YKpaiHCbKE CYCHIIBCTBO B MEPioj] MicAsBOEHHOI BinOynoBu. OOMexeHni
JOCTYTI JIO TIOCIYT i3 TICHXOCOMIaIbHOI MiATPUMKH, PYHHYBAHHS CIIEI[iali30BaHUX
3aKJIaJ[iB OXOPOHU 37I0POB's, Mirpallisi YaCTHHA MEIUYHHX TPAIiBHUKIB 32 KOPJOH
YKOJTHUM YHHOM HE CTIPUSIOTh pAHHHOMY BHUSIBJICHHIO, e(heKTUBHIN MPOQIIaKTHIll Ta
JKyBaHHIO TICHXIYHHUX PO3JIAJiB CEped CTYAEHTIB, SKi 31eOUTBIIOr0 HaBYAIOTHCS
OHJAliH 1 He TMOKWIAlM CBOIX JOMIBOK MiJ Yac BiliHW. Bing modarky BifHH
© Bipuyenko Bosaoaumup, 2024
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3798 ykpaiHChKMX HaBYAJBHHX 3aKIAiB MOCTPaKIal Bil arak arpecopa, 365 i3
Hux Oynmu 3pyiHOoBaHi (Ministry of Education and Science of Ukraine, 2023).
VY XapkiBcbkiii oOmacti Ta m'stu iHmMX obnactax Ykpainu Big 50 % mo 90 %
OyamiBenb 3aKJIaiB BUIOI OCBITH OyJIM YaCTKOBO IOIIKOKEHI 200 HABITh TTOBHICTIO
3pyiinoBaHi (Tumuyk, & [lanactok, 2022).

3a nanumu Komitery 3 muTaHb OCBiTH, HAyKH Ta iHHOBamiid BepxoBHoi Paan
VYkpainu, maitke 70 % ykpaiHCBKUX YHIBEpCHTETIB MiATBEPIUIIH, 110 iXHi CTYNEHTH
MEePEeXKWIN BHYTPILIHE TIEpeMillleHHs] a00 eBaKyallito JI0 IHIIMX KpaiH. 3a oIiHKaMu
Kowmirery, 130-150 Tuc. ykpaiHCBKHX CTYAEHTIB mepeOyBalOTh 32 KOPJOHOM, a 3
MOYaTKy ITOBHOMACINTA0HOI BiffHM Maibke 24 THC. CTYIACHTIB HE BiIHOBHJIU
HaBuaHH4 3 pisHuX npuunH (Ukraine Education Cluster, 2022).

Hes3Bakatoun Ha CBOIO HAyKOBY Ta CYCIIBHY 3HAUMMICTh, BIUIMB BilfHH Ha
MICUXIYHE 3/I0POB'S CTYICHTIB Ta IXHIO HABYAIBHY JISUTGHICTD 3aJTHINAETHCS
HEJIOCTAaTHBO JIOCITIHKEHOI TpoOlieMol.  BUIbIICTh  TOCHIKEHb  CTOCYEThCS
TICUXIYHOTO 3/I0POB'S 3araJIbHOIO HAceJIeHHs B KpaiHaX, Jie BiIOyBavCs BifiCBKOBI
koH(uTiKTH — 30KpeMa, y Cupii, Ipaky, Pyanni Ta 6ankancekux kpainax (Rugema et al.,
2015). TlcuxiuHi po3iaaud Ta TMOPYIIEHHS CepeJ] CTYIEHTCHKOI MOJNOi, sKa
mocTpaxkaaja Bix 30pOMHMX KOH(QJIIKTIB, PpO3MISJAIOTHCS B  HEUHUCICHHHX
nociimkerasx (Yousef et al., 2021). B Ykpaini HasiBHI oOKpeMi JOCTIIKEHHS 11010
YMOB HAaBYaHHS CTYJCHTIB Ha oKymoBanux Teputopisx (Hazapenko, Koryr, &
KeproOkina, 2022), BUSABICHHS BIUIMBY BIHHM Ha TICUXOEMOIIIWHUNA CTaH
ykpaincekux crymeHTiB (Kurapov et al.,, 2022, pp.170-171), mpore Bci BOHH
3a3BHYail MalOTh JOCTATHHO HEBEIUKY BUOIPKY a00 OXOIUTIOIOTh KOPOTKUM YaCOBHI
iHTepBaI. SIK CBITYUTH MpaKTHKA, MUTAHHS IICHXIYHOTO 3IO0POB'S MOJOAI 1HOAI
aHATI3yIOThCSI HE CaMOCTIHHO, a B MeXKaX JOCIIIKEHHS OCOOMHUBOCTEH PO3BUTKY
CHCTEMH BHIIOI OCBITH B yMOBaX BiifHH. 30KkpeMa, BITIYM3HSIHAN aHATITHIHUH IEHTP
4yepe3 ONMTYBAaHHS CTYHOEHTIB BHsBHB, 110 HoHax 80 % pECHOHIEHTIB MAaroTh
mpobneMu 3 Jemnpeciero, TpuBororo Ta posnagamu cHy (Hikomaes, Piit, &
[lemenuuers, 2023, ¢. 34-35).

Memoro Hauio2o 00cniodiceHHs € aHATI3 B3aEMO3B'A3KY MK MEHTAJILHAM 30POB'SIM
Ta IPOMYKTUBHICTIO aKaJeMIYHOI TSUTHHOCTI CTYAEHTIB B YKpaiHi ITi/1 9ac BiifHU.

Metoau

Juzaitn mociimKeH s MAMOPSIKOBY€ETHCS TIPUHITUITY HAyKOBOI 1HIYKIIi1, TOOTO
nependadae QopMyBaHHS HOBOTO 3HAHHS IMOAO 3B'S3KIB MDK SBHIIAMH Ta
IpoLIeCaMt Ha OCHOBI y3araJbHEHHS eMIIpHYHUX JaHuX. OCHOBHUMH 3aBIaHHAMH
JIOCTIKEHHS, SKi CIYTYIOTh JOCSTHEHHIO BH3HAYEHOI BHUINE METH, €: 30ip Ta
00poOKa [aHWX ONHUTYBAHHA CTYIACHTIB YKpaiHCHKUX YHIBEPCHTETIB;, aHAII3
MIOMIMUPEHOCT] CHUMIITOMIB TICHXIYHUX PO3NAIiB Cepel CTYIEHTIB; OI[IHIOBAaHHS
BIUIMBY TPOOJIEM Y raily3i MEHTAJIBHOIO 30POB'S Ha MPOAYKTUBHICTh aKaJeMiqHO]
JISTIBHOCTI CTYAEHTIB. YYacHMKaMM ONMTYBaHHS CTalIM CTYOEHTH YKpaiHCBKUX
YVHIBEpCUTETIB, BKJIIOYAIOYM CTYACHTIB OakaiaBpaTy Ta MaricTparypu, 3 pi3HHX
perioHiB Ykpainu. Biamoini pecrioHieHTiB Oynu 3i0paHi 3a IOIIOMOTOF0 CIEIiaIbHO
po3po0sieHol OHJIAMH-aHKETH 3 BUKOPHCTAHHSM JIIIIEH30BAaHOTO IPOTPAMHOIO
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3a0e3nedeHHs 11l IpOBeNeHHsI OHNaiiH-onmuTyBaHb Qualtrics. [locunaHHs Ha aHKeTY
Oyl0 TIOIIMPEHO CcepeA pI3HWX YHIBEPCUTETIB Ta JIAEPiB CTYAEHTCHKOTO
CaMOBPSAIYBaHHs 3 Pi3HUX perioHiB YkpaiHu. 30ip AaHUX MPOBOAUBCS MPOTITOM
BepecHs — sucromana 2023 poky.

Jlo ydacTti B ONUTYBaHHI1 3allpoIIyBaINCs CTYIEHTH BikoM Bifl 18 pokiB i cTapie.
VYcim yuyacHHKaMm Oylno TOBiIOMJIEHO, IO BOHU MOXYTh Y OyOb-sIKHii MOMEHT
BIIKJIMKATH CBOI JaHi, a orpuMaHa iHdopMmallis Oyae aHOHIMHOK Ta
koH(pineHIiiHO. KokeH 3 ydacHUKIB ONMUTYBaHHS MiANUCaB iHGOPMOBAHY 3rony,
MOCTABUBIIM BIAMITKY OIS BIAMOBIZHOIO 3aCTEPE)KCHHS Ha IOYATKy OHJIAIH-
ankeru. [1ig yac onuTyBaHHs OyI0 310paHo comiaabHO-AeMorpadiuHi 1aHi, a TAKOK
iHpOpMAIliF0 100 CHMITOMIB TMCHUXIYHHX MPOOJIeM Ta MPOMYKTHBHOCTI
aKaJeMIYHOI JisUTbHOCTI CTYIEHTIB i yac BiitHU. CKPUHIHT CUMITTOMIB MICUXIYHUX
po3TaaiB 3IMCHIOBABCS 3 BUKOPUCTAHHSAM CIEHIaTbHUX CTaHIApTU30BaHUX IIKAI
(PC-PTSD-5 mnst IITCP, PHQ-9 mst nenpecii, GAD-7 1yist TPUBOXKHOTO PO3JIALY).
3a pe3yabTaraMu aHalli3y JaHHUX ONMUTYBaHHs, OyJ0 BCTaHOBJIEHO, IO BiIMOBiAI HA
yci MATaHHSI 1010 CAMIITOMIB IICHXIYHHX IPOOJIEM Ta IMPOyKTUBHOCTI aKaIeMiuHOT
JisutbHOCTI Hajaau 1398 cTy[eHTIB, y TOM Yac K 3arajbHa KiJIbKICTh PECIIOH/ICHTIB
cranoBusia 2364 CTyIeHTH 3 PI3HUX PErioHIB YKpaiHH, 3a BHHSTKOM THMYacOBO
OKYIIOBaHHMX TEPUTOPIH.

B omuryBaibHUKY OyllO BUKOPHCTaHO IIICTh 3alMTaHb MIOAO BIUIMBY MpOOIEM
MEHTAJILHOT'O 370POB'SI HA TIPOAYKTHBHICTD aKaJIeMIdTHO1 AisTTHHOCTI CTYJCHTIB, a caMe:

1. U HaBuaeTeCch BU 3apa3 B YHIBEpCHUTETI?

2. CKiTbKM TOOAWH 3a OCTaHHI 14 NHIB BH IPONYCTHJINA dYepe3 IMpoOiIeMHu 3
TICUXIIHUM 37I0pPOB'SIM?

3. CKilbKM TOOWH 3a OCTaHHI 14 JHIB BM MPOMYCTHIH 3 OyAb-SIKOi 1HIIOT
MIPUYINHH, HAIPUKIIA, Yepe3 BIAITYCTKY, KaHIKYIIH, YIacTh Y ITbOMY JTOCTiKEHH1?

4. CKUTBKH TOTUH IPOTATOM OCTaHHIX 14 1HIB BU ()aKTHIHO HABYATHCS?

5. Ilporsrom ocranHiX 14 mHIB, HACKITHKH BaIlli MpoOIeMH i3 TICHXITHAM 3I0POB'SIM
BIUIMHYJIH Ha Ballly IPOXYyKTHUBHICTH i/ yac HapyaHHs? (BukopucroByiite umcio Bix 1
1o 10. Skmmo Bamri mpoOneMu 13 ICHXIYHUM 3I0pPOB'SIM BILUTHHYJIM HA HABYaHHS JIMIIIC
HE3HAYHOIO MipOt0, 00€piTh HI3bKE YMCITO, 1 HABITAKK).

6. Ilporsrom ocraHHiXx 14 ngHIB, HACKIIBKM Balli MPOOJIEMH i3 TCHXIYHUM
3I0POB'AM BIUTMHYJIM Ha Ballly 3[aTHICTh 3aiMaTUCS 3BHYAHIME MOBCAKICHHUMHU
CIpaBaMu, OKpiM HaB4aHHA? (BHKOpUCTOBYHTE umcio Bix 1 mo 10. Sxmio nmpobremu
13 TICHXIYHUM 3I0POB'SIM JIHIIIE HE3HAYHOO MipOI0 BILTMHYIIM Ha HaBYaHHSI, 00EPiTh
HHU3BbKE YHCII0, 1 HABITAKH).

36ip mammx Oya0 BHKOHAHO 32 JIONMOMOTOK MPOTPaMHOTO 3abe3redeHHs
Qualtrics, moriMm BoHM 00poOmsMcs B IninensiiHomy Microsoft Excel 2019.
Haniitricts onuTyBambHUKa Oyia TiepeBipeHa 3a JOMNOMOTOI0 TIPOTPaMHOTO
3abe3neuenns JASP 0.17.3.

PesyabTraTn

MeHTanpHe 370pOB'S € JIOBONI CKJIATHUM 1 0araToaCeKTHHM TMOHSTTAM, IO
KOMILJIEKCHO BIUJIMBA€ Ha IOBCAKIACHHY Ta npodeciiiHy AiSUIBHICT JIOAMHHU. 3a
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BH3HAUCHHsIM BcecBiTHROI opraHizalii 0XOpoHH 300pOB'sl, MEHTaJIbHE 30POB'S HE
JUILE XapaKTePU3YEThCS BIACYTHICTIO ICHUXIYHHMX pO3NafiB, a i mependauae
0COONMMBUI CTaH TCUXIYHOTo OJaromonyyds, 3a SKOTrO JIIOIWHA 3[aTHAa IOBHOIO
MipOI0 BUKOPUCTOBYBATH CBOi 3HAHHS Ta 3MIOHOCTI, CIIPABIISATUCS 31 3BHYAHUMHU
KHUTTEBUMHU CTPECAMH, MTPOMYKTUBHO MPAIIOBATH Ta POOUTH BHECOK Y YKHUTTSI CBOET
cimM'i Ta rpomazu (World Health Organization, 2013). 3acTocoBytoun 1€ MOHSTTS 10
CTYAEHTIB Ta iXHBOI aKaJeMi4HO AiSUTBHOCTI, CITiJ] 3a3HAYMTH, IO IpodIeMu y cdepi
MEHTaJIBHOTO 3/I0POB'Sl HE TO3BOJISIFOTH CTYJCHTaM JEMOHCTPYBATH IPOAYKTUBHICTD,
MiZIBHIIYBAaTH CBOIO Mpale3JaTHiCTh, BAKOPHUCTOBYBATH BCi HAOyTi KOMITETEHIIl Ta
YCIINIHO JOCSTaTH MOCTABJICHUX HABYAJBHUX I[iJIeH. Y CBOIO 4epry, 1le HeraTUBHO
MO3HAYAEThCS HAa (POPMYBaHHI JIIOJACHKOTO KalliTajay, [0 IOYMHAE HaOyBaTH
0COOJIMBO 3arpO3JUBOTO BUTIISIY B yMOBaX MOBHOMACIITAOHOI BiiHU B YKpaiHi.

3acCHOBHUK TEOpii JIOJCHKOIO Karlitaty, jJaypear Hobenichkoi npemii Teomop
Binbsm Ilymelr posrisiiaB Horo sIK CyKyITHICTh 3HaHB, 3/1i0HOCTEH 1 kBamidikarii
MpaiiBHUKA, 10 BUKOHYIOTH (YHKI[IIO 3ac00iB BHPOOHMIITBA Ta IPEIMETIB
TpuBanioro kopuctyBaHHs (Schultz, 1960, pp.571-572). I[nmmii HOOENMiBCHKUI
naypear — Iepi Crenyi bekkep BH3HAuaB JIIOJACHKHMI KamiTan sK BTUICHI B
MPAaIiBHUKOBI OCBITHIM piBeHb, KBamidikamito Ta (i3uuHi 31i0HOCTI, 1O €
pe3yIBTaTOM IHBECTHIIIH Y JOMUHY. BiH 0OIpyHTOBYBaB HEOOXiJHICTh Ta BUCOKY
NpHOYTKOBICTh IHBECTHUITIH Y JIFONCHKHI KaITiTal, 0 BKIFOYAI0Th BUTPATH Ha OCBITY,
MPaKTUYHY MIArOTOBKY, OXOPOHY 370poB's, momyk iHgopmamii (Becker, 1962).
[TopiBHSAHO 3 TPOMHUCIIOBUM KaIliTaJIOM JIFOJICEKHH KaIliTall y MPOIeCci BUKOPUCTAHHS
HE 3HOIIY€ETHCS, a HABIIAKH, CIIPUSE PO3IIHPEHOMY BIITBOPEHHIO IHTEIEKTYaIbHOTO
TTOTCHITIANTY TiAMPUEMCTB Ta OpTraHi3allii.

Takum 9uHOM, 3HIKEHHS IMPOMXYKTHBHOCTI aKaIeMIYHOI MIsITBHOCTI CTYICHTIB
gepe3 mpoOJieMH B Tally3l MEHTAJIBLHOTO 3IOPOB'ST HAI3BUYAMHO HETaTHUBHO BILTHBAE
Ha PO3BHUTOK ITFOICKKOTO KaIliTaly, aJKe CTBOPIOE Oap'epl Ha HUIAXY 3aCBOEHHS
3HaHb Ta (popMyBaHHA HEOOXIMHWX KOMIIETEHTHOCTEH CTYAEHTCHKOI MOIOIIIO.
QdaxoBa OCBiTa Bifirpae BH3HAYAIBHY PONb Yy HAOYTTI CTyIEHTaMH CHEmialbHUX
3HAHP 1 HABUYOK, 10 (DOPMYIOTH TPYOBHIA ITOTEHITiA MiAPUEMCTBA, TOOTO HasSBHI
1 mepenbadyBaHi B MaltOyTHROMY TPYHOBI MOXIIMBOCTI HOTO TepcoHamy. Y CBOIO
4epry, TPyAOBHUU MOTeHIlia 3a0e3MeuyroTh TaKi SKOCTI MpalliBHUKA, SK iHIIiaTHBa,
TBOPYiCTh, CAMOCTIHHICTP 1 JIOTIYHICTH MUCIIEHHS, 37IaTHICTh 10 KOMIEKTUBHOI mparti
1 CIiBpOOITHUIITBA, JUTOBHTICTh, CXHJBHICTH IO IIIBHUINEHHA pIiBHSI 3HaHb 1
kBami¢ikamii, mnpodeciitai 3HamHs. Ilpm 1BOMY, 3miOHOCTI Ta 3HAHHS
MIePETBOPIOIOTHCS Ha KaIliTal JIMIIE TOMI, KOMU ITOYMHAIOTh BUKOPHCTOBYBATHCS SIK
(hakTop BUPOOHUIITBA 1 MPHHOCATH JTOXIi.

Ha nam momistn, npsmuii 3B'I30K MK MPOMYKTHUBHICTIO aKaJeMiqHOI MisSUTBHOCT1
CTYACHTIB Ta BIITBOPEHHSM JIIOICHKOrO KaIliTaly NEMOHCTPYE, IO BUHHKHEHHS Ta
PO3BUTOK TICUXIYHUX PO3JIaJiB Cepel CTYIEHTIB ITi/I Yac BifHM CTBOPIOE 3arpo3y He
JIUIIIE JJTSt MOJTOJTI, aJie ¥ J71st Beiel KpaiHu. Apke Bix chOpMOBaHOrO Y IPOIIeCi HABYAHHS
JIFONICHKOTO KaITiTamy 3aJIeKHUTh MBHUIKICTH IIOBOEHHOT BilOYI0BH HAIIOT KpaiHU.
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Ha >xanb, HaceneHHs TEpUTOpIi, IO CTajHM apeHoo sl OOHOBHX Iiif, MOCTiHO
nepeOyBae TiA BIUIMBOM LIJIOr0 psimy crpecoBux (akropiB. TpaBmu 1 TpuBora,
CIIPUYMHEH] paKeTHUMH aTaKkaMH, HIYHUM IEPEMIIICHHAM [0 YKPUTTS, pyHHYBaHHSIM
KHTIA, PU3UKOM 3arHHYTH Bil PaKETHOTO YAApy, PO3ITYKOIO 3 POAMHOK, BOWBCTBOM
JPY3iB pyHHYIOTH TICHXIYHE OJaronoiydds CBiIKIB Ta ydacHHWKIB OodoBux iiid. He
BUHSTKOM TIPH LBOMY € CTYISHTH. 3a3BHYail CTYAEHTChKa MOJIOIb HAa TEPUTOPISX,
OXOIJICHUX BIiHOIO, MOYMHAE CTPAYKIATH Bijl TAKUX TICUXIYHUX PO3NIaMiB, SK JACIPECis,
TPUBOXHICTh, IOCTTPAaBMATHYHUI CTPECOBHUIA pO3IIal, pO3JIaay aanTallii, po3iajau CHY,
sIKI MarOTh TEHJICHIIIIO 3MICHIOBATH JIOBIOTPUBAJIMI HEraTHBHUN BIUIMB HA iXHIO
CHCTEMY eMOIiHOro pearyBanHs. KpiMm Toro, BIUIMB cTpecoBUX (DakTOpiB Mg 4ac
BIliHM MOYKE TIPU3BECTH 10 MUCHYHKILIH B IHAMBITyaTbHUX MEXaHI3Max MMOIONIaHHS, SKi
CIIPUYMHSIOTH 3aJIGKHOCTI BiJl BYKMBAHHS [ICHUXOAKTHBHUX PEUOBHH, a3apTHUX irop abo
HacwibCTBO (Inoue et al., 2021).

Cepen MCUXIYHUX PO3JIAJIB, SIKI aKTUBHO TOIIMPIOIOTHCS Cepell HacelIeHHS ITij
yac BIfHM, BapTO BH3HAYUTH JEIPECiI0, TPHUBOXKHICTh, IMOCTTPaBMATUYHUI
ctpecoBuii po3nan (nam-IITCP).

1. Jlenpecis € HAWMOMMPEHIIM TICUXIYHUM po3NiajioM (3a ominkamMu BOO3,
monax 270 MiIH Jrofiell y CBITI CTpaXkIalOTh Bij Jenpecii) Ta OTHIEI0 3 OCHOBHUX
MPUYKH 1HBAJIIAHOCTI B YCbOMY CBITI. Jlenpecis XapakTepu3y€eThCsi CyMOM, BTPATOO
iHTepecy abo 3aJOBOJNICHHS, IOYYTTSAM MPOBUHH a00 HU3BKOI CaMOOIIHKOIO,
TIOPYIICHHSIM CHY a00 aneTuTy, BTOMOIO 1 ITOTaHOI0 KOHIIEHTpAITi€ro yBary. Jlempecis
MOK€ 3HAYHO IMOTIPIIYBATH 3ATHICTH JIFOAWHY TMPAIIOBATH T4 HABYATHCS, & TAKOXK
KEpYBaTH BIIACHUM JKHTTSIM.

2. TpuBoxHHUIT po3najg, SKHH XapaKTEPU3YETHCS CTIMKOIO TPHUBOTOIO, HE
TIOB'SI3aHOI0 3 KOHKPETHUMH 00'€eKTaMu ab0 CHTYaIlisIMH, 1 CYIpPOBOIKYETHCS
CKapramMy Ha TOCTIHY HEPBO3HICTh, TPEMTIHHS, M'S30BY HAIIPYTy, IMITIHBICTE,
MIPUCKOpPEHE CepIeOnTTs, 3allaMOPOYEHHS, TUCKOM(OPT y COHSYHOMY CIUIETIHHI
(American Psychiatric Association, 2013). Yacto BuHUKae crpax "HeBimomoro", a
TaKOX iHIII PI3SHOMAHITHI TPUBOTH Ta TOTaHI MEPETIyTTs.

3. IlocTTpaBMaTHYHMIA CTPECOBUI PO3Tad, IKAA MOXXEe BUHHUKHYTH Yy JIFONEH, 110
MEPEeXIIIM TPaBMaTUYHY IIONII0, Cepiro Momiid abo 306ir 0OCTaBMH, BKIFOYAIOYH
BiliHYy / 00MOBI Aii, Ba>KKi i3UUHI TPaBMH, 3arpo3y CMEPTi, a TAKOXK Oyl CBiTKaMHu
abo cmiBydyacHMKaMu cMmepti iHmmx jrofed (American Psychiatric Association,
2013). Jromu i3 MM THIIOM pO37aJy MAarOTh IHTEHCHBHI, TPHUBOXKHI AYMKH Ta
MOYYTTs, MOB'SI3aHI 3 MEPSKUTUM. BaKIMBO, 10 OMHUM 3 OCHOBHHX CHMIITOMIB
I[ITCP y mononux mroneit € HaaMipHa BTOMA, JEHPECis, TOIOBHI O0Ii, He3MaTHICTh
30CepeqUTHCA Ha YOMYCh, TTOTIPIIEHHS TaM'sTi, TPYIHOIII 3 HABYAHHSM.

Oxpeme MicIie cepe MCUXiYHUX PO3TIaIiB TAKOK MOXKE 3aiiMaTH 3aJIeXKHICTD Bijl
BXKHMBaHHS PEUOBHMH Ta MOPYIICHHS CHY. MOJO/Ib, SIKa CTpaXKJae Bill 3aJISKHOCTEH,
HACTUIbKH (DOKYCYEThCSI HA BXKHMBAaHHI MEBHUX PEYOBUH — AJKOTOJIO, TIOTIOHY 200
HApKOTHKIB, 10 BTPAYalOTh 3/IATHICTh JO HOPMAIbHOrO (PYHKIIOHYBAHHS B
MOBCAKJICHHOMY HTTi. SIK CBITYHMTH TPAKTHKA, 3POCTAHHS YAaCTOTU BYKMBAaHHS
MCUXOAKTUBHUX PEUOBHH Ta AJIKOTOIO Cepel] YUACHUKIB OOWOBHX JIil, CTYIEHTIB Ta
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IMBUILHOTO HACENICHHS, SKe MOCTPaXKJajdo Bil BiICHKOBOrO KOH(IIKTY, HE €
piakictio (Patel, Zvinchuk, & Erickson, 2020, pp. 407—408).

JIronu, sIKi CTUKAIOTBCS 3 TIPSIMOIO 3arpo30I0 CBOEMY JKUTTIO, CTaJIM CBigKamu abo
KEepTBaMH PakeTHUX OOCTPLTIB 1 OE3MUIOTHHKIB, BiAYYBAIOTh CTPEC 1 TPHBOTY
4acTO HaMararoThCsl BIOpPATHCS i3 IUMH NpoOeMaMHu 3a JOMOMOTOK BXKHBAHHS
MCUXOAKTUBHUX PEYOBMH Ta QJIKOTONIO. 3aNeKHICTh MOXE CIPHYUHHTH
MICUXOJIOTIUHI MPOOJIeMH, a TaKOX MDKOCOOMCTICHI MpoOiaeMu, Hampukiaia, i3
4yiieHaMu ciM'i, Apy3sMH a0o0 Ha poOoTi. BkWBaHHS TCHXOaKTUBHHX PEUOBHH
MPHU3BOIUTH 10 HEBUKOHAHHS BXKIIMBUX 3aBJIaHb B YHIBEPCUTETI UM BIIOMA, A TAKOXK
3YMOBJIIOE 3arajbHe 3HIKSHHS COLIaJIbHOI Ta aKaJIeMITHOT aKTHBHOCTI MOJIOII.

AHaJi3 TaHUX ONMMTYBaHHs, IO BKIO4Yae 1398 pecroHAeHTIB 3aCBiqUUB, IO Y
85,77 % cTyneHTiB HasBHI CUMIITOMH jenpecii, y 66,09 % — cumrnToMu TpUBOTH, a
y 48,14 % crynenriB — cumntomu [ITCP. Bapro 3a3zHaumTh, mo orpumadi
MOKa3HUKHU JIEMOHCTPYIOTh HAI3BUYAHO BUCOKHI CTYITIHb MOIMIMPEHOCTI pobiieM
y Taly3l MEHTaJILHOTO 3J0pOB's cepen 3100yBaduiB BUIIOI OCBITH B YKpaiHi.
BignoBinawoun Ha 3amuTaHHS MO0 KUIBKOCTI T'OAWH HAaBYaHHS, SKi CTYACHTH
MPONYCTHIIM Yepe3 MPOOJIeMH 13 ICUXIYHUM 30POB'SIM IIPOTATOM OCTAHHIX JBOX
TUXKHIB, YYaCHUKHM ONUTYBaHHs HasuBajau 4ucia Bix 0 mo 48 rox i3 cepemHim
3HAYEHHsM 5,72 T0j (CTaHaapTHE BIAXUIICHHS CTaHOBIIO 18,74 Tox). Y3aranbHeHHs
BIJITOBIIe¥ CTYJCHTIB HA IUTAHHS OMTUTYBAaHHS I0JI0 HETATUBHOTO BIUTHBY MPOOIIeM
3 MCHTAJBHUM 3II0OPOB'SIM Ha YCIIIOIHICTh aKaJeMIYHOI MiSUTBHOCTI IPOTATOM
OCTaHHIX Yy THOKHIB (3a 1mkajoro Big 0 10 10), 3acBiqunIo, 110 HalOUIbIIa KUTbKICTh
PECITOHICHTIB OITIHIOBAJIM HETAaTUBHUH BIUIUB ITPOOJIEM 3 MEHTAJILHUM 37I0POB'SIM Ha
YCHIMHICT iX akameMidHol aisutbHOCTI Ha piBHI 3 13 10 (cepenne 3nadenns 3,41 3i
CTAaHIAPTHUM BiIXIUICHHSM 2,9).

OTrpuMaHi [aHI ONWTYBIbHMKA OYyIM BHKOPHCTaHI JUIS TIEPEBIpKU #oro
HamidHOCTI 3a mapamerpamMu Aibpa Kpombaxa ta Owmera Mak/lonanpma. 3a
po3paxyHKaMH, IO 3[iiicHIOBaimcs B cepemoBumi mnporpamu JASP 0.17.3,
OIMTYBaJbHUK MPOAEMOHCTPYBAaB BHCOKY HAIIHICTh i3 mOKa3HHKOM Anb(ha
Kponbaxa na piBai 0,75 Ta OMera Mak/lonanpaa Ha piBHi 0,8. Penpe3eHTaTHBHICTE
BHOIPKH MIATBEPHKYETHCS HASBHICTIO CEpe/I PECIIOHEHTIB CTYACHTIB Pi3HOI CTaTi,
Pi3HOTO BiKY, KypCy HaBUaHHS, MICIIsl HABYaHHS T4 YMOB TPOXKHUBAHHSL.

Ha mporuBary mpoaHami3oBaHWM BHINE HAyKOBHM ITyOJIiKaIlisiM, TPOBEIEHE
JOCTIKEHHS TO3BOJISAE OIIHUTH HEraTUBHUH BILTUB MPooieM y cepi MeHTambHOTO
3[IOPOB'S Ha MPOMYKTUBHICTH aKaJIeMIUYHOI JisNTHOCTI CTYEHTIB B YKpaiHi mix gac
BifHH, M0 OCOONMBO I[IHHO JJS BIOCKOHAJICHHS JIEPXKABHOI TONITHKH
TICHXOCOIIAIbHOT MIATPUMKH BPA3MBUX TPYN HACENEHHS, SKi MPOKHUBAIOTH Ha
TEPUTOPISX, OXOIUIEHUX BIHHOIO.

Juckycisi i BHUCHOBKHU

PesynpraTti mocimimpKeHHsT MPOAEMOHCTPYBAIM HETATHBHHUN BIUTMB MPOOIIEM Yy
chepi MEHTAIBHOTO 3I0POB'S Ha TMPOAYKTUBHICTh aKaJEMIduHOI [isIBbHOCTI
CTyIeHTiB. 30KpeMa, CTYACHTH B CepeTHhOMY IIPOMYCKaI 5,72 T01 HAaBYaHHS Yepes
mpobnemMu y cdepi MCUXITHOTO 370POB'S BIIPOAOBK OCTAaHHIX 2-X THXKHIB IEpel
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MPOBEICHHSIM OITUTYBaHHS, & TAKOXK OIIHIOBAJIM HEraTHBHUN BIUIMB JAHUX MTPOOIEM
Ha TIPOAYKTUBHICTH TXHBOT aKaJeMiyHoi AisibHOCTI Ha 3 13 10 GaniB y cepeaHboMYy.
BinnoBinHO, 3HMKCHHS aKaJeMiuyHOI MPOMYKTHBHOCTI CEpel CTYACHTIB Mix dac
BIHU TIEPEIIKOPKAE 3700yTTIO 3HAHb T4 PO3BUTKY KOMIICTCHIIH, HEOOXIAHUX JIJIst
MalOyTHBOI TpodeciiiHol Kap'epu, HE A03BOJISIOUU CTYACHTAM ITCIS 3aBEePIICHHS
HaBYaHHS IIBUJIKO 3HAWTU POOOTY 1 3MIITHUTH TPYAOBHI ITOTEHIAN JIEpKABH, IO
0COOJIMBO BAXKITUBO B KOHTEKCTI IOBOEHHOT BiIOY/IOBH.

TakuMm YMHOM, HEOOXIAHICTH 3MIITHEHHS JIFOJICHKOTO KalliTaly Ha T BUKJIHMKIB,
3YMOBJICHUX ITOBHOMACIITAOHOI BiHHOIO, OOYMOBIIIOE HOTpedy B po3poOii Ta
peautizaiii e)eKTUBHOI JepKaBHOI MONITUKU Y cepi MEHTaIBLHOTO 3/I0pOB's, 10
Oy/ie cripsiMOBaHa Ha 3aXUCT CTYACHTCHKOT Mos1oi. Peanizaillis 3a3Ha4eHOT OTITKY
norpeOyBaTMe  JIOJATKOBHX  JOCHi/DKEHb  (AKTOpiB, SKi  CIPHUYUHSIOTH
BUHUKHEHHS PI3HUX TCHXIYHHX PO3MAJiB IiJ] Yac BiHU, a TaKOX CyYacCHHX
THCTPYMEHTIB TMPOQITAKTUKA Ta PaHHBLOTO BUSBICHHS pO3NaJiB y 3100yBadiB
BUILOI OCBITH II1J] Yac BilHMU.

Monsikn, mxepena dinancyBanns. IIyOnmikaiiro MiArOTOBICHO 3a pe3ylIbTaTaMH HAyKOBOT'O
MIPOEKTY, SIKMI BUKOHYEThCS 3a rpaHTOBOi minTpuMku HarjoHansHoro Qonmy mocmimkeHp YkpaiHu
(peectpauiitauii Homep npoexty: 2022.01/0030).
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MENTAL HEALTH AND PRODUCTIVITY OF UKRAINIAN STUDENTS
IN THE TIME OF WAR

Introduction. The paper focuses on a comprehensive analysis of the mental health
of university students during the war and its impact on the student’s academic productivity
in Ukraine.

Methods. The nature and features of students’ mental health, as well as the specifics
of changes in their mental condition during the period of study in higher education
institutions under the impact of specific stress factors caused by martial law and the
constant risks of missile attacks on peaceful cities and civilian infrastructure are considered.

Results. The main types of mental disorders and the prevalence of symptoms of
depression, anxiety disorder, and post-traumatic stress disorder among Ukrainian students
during the war were studied. An extremely high percentage of respondents with symptoms
of depression (85 %) and anxiety disorder (66 %) were found. Based on the statistical
analysis of the survey data of students of national universities, the negative impact of mental
health problems on the productivity of their academic activities is substantiated.

Conclusions. It is proved that the onset of mental disorders among Ukrainian
students during the war hinders the acquisition of knowledge and development of
competencies necessary for future professional activities, which poses a threat to the
successful post-war recovery of Ukraine's economy and requires adequate and timely
measures in the field of public policy of mental health protection of student youth.

Keywords: mental health, war, productivity, academic performance, mental
disorders.
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pajianiifHoi MeAUIMHY, reMaToJIOTii Ta OHKOJIOTIi
HanioHnanbHoI akageMii MeAUYHUX HayK YKpaiHu", KuiB, Ykpaina

MCUXO0JIOTTYHI TA HEUPO®I310JI0TTYHI 3MIHU
Y BINCBKOBOCJIY>KBOBIIIB HALIIOHAJ/IBHOI I'BAPAIi YKPATHH,
1110 OXOPOHSAJIU JEPXKABHE CHELIIAJII30BAHE
MIANPUEMCTBO "YOPHOBUJ/IbChKA AEC",
MICJ/iA 3BIVIbHEHHA 3 ITOJIOHY

Bcryn. HezamueHi egekmu, cnpuyuHeHi doszompueanaum nepeGy8aHHAM y
8IliCbKOBOMY NO/I0HI, MOJCYmMb Mamu 2AUGUHHY, He380pOMHy 0il0 Ha 0P2aHi3M J11I00UHU,
enjaueaw4u sK HisuyHo, mak i ncuxiuHo Ha 300pos’s. Memoio A0cnidxHCeHHs 6Y/10
su3Ha4uUmMu 0co6/1u8ocmi Ncuxo./102iYHUX ma HelpodhizionoziuHux 3MiH, y paAHHLOMY
nepiodi nicasa 3ei1bHeHHs, silicbkosocayxnc6osyie HayioHaavHoi eeapdii YkpaiHu, ski
oxopoHsau JlepycasgHe cneyianizoeaHe nionpuemcmeo "YopHOGUIbLCHKA aAMOMHA
eaekmpocmanyisa” (JCI1 YAEC) ma nicasi nouamkKy noHOMAacuima6HO20 8MOpP2HEHHS
nepe6yesasu 8 pociiicbkomy no/ioHi. Y giticekogocaysc6osyie HI'Y, siki nepe6ysau y no1oHi,
cnocmepizaemucsi nomipHo eupasiceHa cmilika ducyHKYis Kopu 204108H020 MO3KY, a
makodic pemukyaspHoi gpopmayii cmoe6ypa 20,108H020 MO3KY.

MeToau. ITid uac docaidscenns 6yau sukopucmati maki memoodu: keaHmughikoeaHi
ncuxodiazHocmu4Hi, Heliponcuxo.102iuHi, HelipogpiziosoziuHi ma cmamucmuyHi.,

Pe3yabTaTu. BuseieHo docmosipHe 3pocmaHHs cneKmpa/ibHOi mema-nomycHocmi
ni0 yac nocu/seHHs1 NCcuXonamo.J102iHHOI MPUBOXCHOI, denpecusHoi CUMNMOMamuKu,
HellpokozHiMueHo20 dedbiyumy, a makoxic cUMnNIMoOMie NOCMMpPABMAMUYHO20 CIMPEco8020
po3saaady (IITCP).

BUCHOBKHU. BuseaeHi meHdeHyii mMoxcyms cgiduumu npo HasieHicmb cmitikoi
yepe6paavHoi duclhyHkyii BHacn1idok nepeGyeaHHs1y N0/10HI K iM0O8IpHO20 YyepeGpaabHO20
6a3ucy noda/1bui020 po38UMKY mMpueoXicHo-denpecusHUX cmaHie i nozipuleHHs1 nepeéizy
IITCP ma inwux po3aadis, acoyitioganux 3i cmpecom. Lji 3miHu nompe6yroms nodaibuwozo
cnocmepexceHHs ma 6U84eHHs1.

Knw4uyoBi canoBa: YopHo6urbcbka AEC, HayioHanvHa 2eapdia Ykpaiuu,
nocmmpaemamuy4Huil cmpecosuil po3.1a0, Komn'iomepHa ejnekmpoeHyedgaiozpadis,
MoHpeaabcbka wikaaa oyiHI8aHH Ko2HimueHuX hyHKYiIl, HelipokozHimueHull dedbiyum.

Beryn

HeratusHi edexru, cipuuuHeHi TOBrOTPUBAINM 1epeOyBaHHAM Y BiliCEKOBOMY
MIOJIOH1, MOXKYTh MaTH ITIMOMHHY, HE3BOPOTHY A0 Ha OPraHi3M JIIOUHH, BIUIUBAIOYH
SIK (pI3UYHO, TaK 1 ICUXIYHO Ha 3I0POB'SL.

Hii pocii B VYkpaiHi mOm0 NOBOIKEHHA 3 BiMICHKOBOIOJIOHEHHMH, TI'py0O
MOPYIIYIOTh MDKHAPOIHE TYMaHITapHE MpaBo, 30kpema JKeHeBChKi KOHBEHIIIT (Bix
12 cepnas 1949 poky 3 TOAATKOBUMH MPOTOKOJIAMH), Y SKHX HAroJOIIEHO, 10 BCi
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3aXOIICH] B TIOJIOH KOMOATaHTH MAroTh MPaBO Ha CTATyC BiliCBKOBOIIOIOHEHWX Ta Ha
3aXHCT, skuil BiH mepenOadae (BepxoBHa Pama Vipainm, 1949/2023). Yucnenni
MOBiIOMJICHHS Ta (DaKTH CBiTYATH MO TE, IO YKPaTHCHKI BIHCHKOBOIIOJIOHEH] 3a3HAIOTH
KaTyBaHb, (Pi3NUHOr0 HACKIIBCTBA Ta HEJFOAICHKOTO MTOBOKEHHS B POCIHCHKOMY TTOJIOHI,
30KpeMa MOOUTTS, YpaskeHHsI elIEKTPHIHUM CTPYMOM, KaTyBaHHS BOAOIO T CEKCyalbHe
HacwibcTBO (United Nations Human Right, 2024, Mar 26).

VYHacninok nepeOyBaHHs B MOJNOHI Taki (akTopu, K OOMEKeHe XapuayBaHHS 1
MpPUAOMY PiJMHU, TIOPYIIEHHS CaHITApPHO-TIrIEHIYHUX HOPM, IPU3BOAATE 10 BTPATH
BarW, BHCHAa)XCHHS M'A31B, OCIAONEHHS IMYyHITeTy, iH(EKIiHHUX 3aXBOPIOBaHb,
TPUBAJIOTO XPOHIYHOTO OON0 Ta mopylieHHs ¢izionorivanx ¢yHkmiid (Shanks,
2023). Ilig 4Yac KOMIUIEKCHOTO MEIUYHOrO0 OOCTEKEHHS BIHCHKOBOCITYXOOBIIIB
HarmionansHoi TBapmii YkpaiHu, ski nepeOyBanu y pOCiHChKOMY MOJOHI, Oynn
BUSIBJICHI CHCTEMHI TIOPYIIEHHsS 3 OOKY BHYTPIIIHIX OpPraHiB Ta OMOPHO-PYXOBOTO
armapary, oOMiHy pe4OBHH, IIKIpH Ta ii IPUAATKIB.

JocnipkeHast ocoOIMBocTel (DyHKIIOHAILHOTO CTaHy IEHTPaIbHOI HEPBOBOI Ta
KOTHITUBHUX (PyHKIIIH B 0Ci0, 0 iepedyBajy y BiiChKOBOMY ITOJIOHI, € aKTYaJIbHIUM
i OararorlaHOBUM 3aBIaHHAM. ICHYIOTH Oarato (akropis, IO 34aTHI IPSIMO abo
OITOCEPEIKOBAHO BIIMBATH HA (YHKIIOHAJBHUH CTaH LEHTPAJIbHOI HEPBOBOI
cuctemu (IIHC) (Jloramoecerkumii, & Kym, 2016; 2017). Dizuuna mpaema:
BIMCHKOBOIOJIOHEHI 4acTO 3a3HAIOTh (PI3UYHUX KaTyBaHb 1 JKOPCTOKOTO
TTOBOKCHHSI, [0 MOYKE TIPU3BECTH JI0 YepeImHO-MO3KoBUX TpaBM (UMT) ta iHImmX
HeBponoriuHux yikomkeHb (Camunin, & Cokomora, 2023). TTomiOHI YIIKOIKEHHS
MOXYTb IOTIPIINTH KOTHITHBHI (DYHKIIII, MaM'aTh, yBary Ta eMOLIMHY PEryJsiiio
(Juki¢ et al., 2023). Ilcuxonociuna mpasma: TICUXONOTTYHANA CTPEC, CIPUINHCHUI
TIOJIOHOM, 130JIAITIEI0, NEMPHUBAIIIEI0 Ta IMOCTIMHOIO 3arpo30i0 HACHILCTBA, MOXKE
TIPU3BECTH J0 IMMOCTTpaBMaTHIHOTO cTpecoBoro posnany (ITTCP), rpusoru, aenpecii
Ta IHIIUX po3JadiB ICUXIdHOTO 3mopoB's (Stein et al., 2017). Lli ctanum 30aTHI TIIe
OLTBIIIe TOPYIIUTH KOTHITUBHI (DYHKIII Ta MOTIPIIUTH MPOIEC MPUIHSTTS PIlIEHb,
KOHIIeHTpamito yBarm Ta mam'sate (Gates et al, 2012; Kokun et al., 2020).
Heooioannsa ma Oenpusayis: BIACHKOBOIIOJIOHEHI YacTO CTPaXMAIOTh BIJ
HEeIOTHaHHS, HEIOCUTIIAaHHS 1 BIICYTHOCTI TOCTYIy 0 0a30BOI Tiri€HN Ta MEIUIHOL
noroMord. HaBMEICHI Ta 3II0YMHHI OOMEKEHHS MPHU3BOIATH IO 3arOCTPEHHS
HAsSBHUX HEBPOJOTIYHUX Ta KOTHITHBHUX PO3JAJiB, @ TAKOXK CIPHSIOTH PO3BHTKY
HoBux (Ursano, Fullerton, & Norwood, 2003). HagiTe micis 3BiIbHEHHS 0arato
BiliCHKOBOIIOJIOHEHUX MPOJOBKYIOTH OOPOTHUCS 3 TOBFOTPUBATUMH HEBPOJIOTTUHUMH
Ta KOTHITHBHHUMH MOPYIICHHSIMH, SIKi MOXYTh CyTTEBO BIUIMBATH HA SKICTh HUTT,
TMpare3IaTHICTh Ta colianbHi BiqHocuHu (Meziab et al., 2014).

Hapa3i, Ha xamp, omyOmikoBaHO OOMallb JOCHIJKEHb, IO BHBYAIOTH
HEBPOJIOTIYHI Ta KOTHITUBHI HACIIIKHU TTOJIOHY 1 KATYBaHb Ha BiiICHKOBOITOJIOHEHUX
(IImpoboxkos, 2020; AnampkoB, 2023). Lli mocnimkeHHs CIpsAMOBaHI Ha Te, 100
Kparie 3pO3yMIiTH OCHOBHI MEXaHI3MH [HX TOPYIIEHb i PO3pOOHTH e(eKTHBHi
crparerii mikyBauHs (Timchenko et al., 2021; HIBens, 2022).
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[Migxomu mo MiKyBaHHS 3a3BHYail epea0auatoTh MOEAHAHHS METUKaMEHTO3HOTO
JKyBaHHsI, TICUXOTeparii Ta KOTHITUBHOI peaOimiTamii 1y OXoNaHHS K Qi3HYHUX,
TaK i ICUXONOTYHUX acnekTiB nopyuens (Tumuenko, & Hlupobokos, 2019). Panne
BTpy4YaHHs Ta KOMIIEKCHA MiITPUMKa MalOTh BUpIlIajbHE 3HAYSHHS IS JOTIOMOTH
BiliCbKOBOIIOJIOHEHUM Y BiIHOBJIEHHI Ta peiHTerpalii B CyCHiIbCTBO.

MeTtoau

Ha 6a3i Bigainy papmianiiinoi ncuxoneBponorii  JlepskaBHOI  yCTaHOBH
"HarioHaapHU# HAyKOBUH IHIEHTP paaialliiHOl METUITMHA TeMaTOJIOTIi Ta OHKOJIOTii"
HartionansHoi akanemii Mmemuuaux Hayk Ykpainu (HHIIPMI'O) Oyno oGcrexeHo
64 BilicbkoBOCITY>kK00BII CHsl 000pOHU YKpaiHH 4OJIOBIYOi CTATi (OCTiIKEHHS €
CKJIaJIOBOIO HAYKOBO-JIOCIIJHUX POOIT, o Oyau cxBayeHi pimeHasmu Komitery 3
Mennunoi etnkn HHIPMI'O Bin 15 yepBHs 2022 poky Ta 12 kBiTHsI 2024 poKy,
BianoBimHO). OcHoBHy rpyny (35 oci0) craHOBWIH BiCHKOBOCITYKOOBII
HarionansHoi reapaii Ykpaiau (HI'Y), sxi oxopoHnsuin Jlep:kaBHe crielianizoBaHe
mignpuemctBo "HopHoOunbchka aromHa enekrpoctaniis” (JCII YAEC) no
MI0YaTKy MoBHOMacITa0HO1 BiiHY 1 24 mtotoro 2022 poKy MOTPANIIN Y TIOJIOH 710
pociiicbkux 3arapOHHKIB (3BibHEH1 y mucTomani 2022 poky Ta ciuni 2023 poky).
I'pyny nopiBasiHHA (29 0Ci0) CTaHOBWIM BIiHCHKOBOCITY>KOOBIII 30pOHHHX CHI
VYkpainn (3CY), siki Opanu OesmocepenHio ydacTh y OodoBux misx. Bik
obctexxenux ckianas 21-46 pokis, cepenniit Bik (M£SD) 32,3+5,7. Bci obcTexeHi
MaJii BUILy ab0 CEpemHIo CreriaabHy OCBITY Ta Oynmu MicTsHamu. [IpencTaBHUKN
000X TPYI 3a3HAM BIUTMBY IICHXOEMOIIIIHOTO CTPECy BHACIHIIOK E€KCTpEeMaTbHUX
o0cTaBuH, aJie CIIeHapii ICUXOTPaBMYIOUHX ITOMIH OYyIIH Pi3HUMH.

by BUKOPHCTaHI  TakKi METOINA OCIIHKEHHS: Keanmughikogami
ncuxooiaznocmuyni  (IMKaJla  CaMOOITIHIOBAHHS IPOSBIB  IOCTTPAaBMATHIHOTO
ctpecoBoro poziany (IITTCP) PCL-5; onutyBanbpHUK 3arajibHoro 310pos's (General
Health Questionnaire, GHQ-28) mn1s BuBYeHHS COMAaTOQOPMHUX CHMIITOMIB,
TpuBOrH / OE3COHHA, comiambHOi muchyHKmii 1 TDKKOI jgempecii; mmikana
camoorinoBanHs Aenpecii 3yara (Zung Self-Rating Depression Scale, SDS) mist
BHU3HAYCHHS HEMACKOBaHOI Aemnpecii; mkana Crindeprepa—XaHiHa I BU3HAYCHHS
O0COOHMCTICHOT Ta PEAaKTHBHOI TPHUBOKHOCTI); Hetiponcuxonoeiyni (MoOHpeanahCcKa
IIKaJla OIiHIOBaHHS KorHiTUBHUX (yHKHiH (Montreal Cognitive Assessment,
MoCa);  Hetipoghizionociuni ~ (peecTpariss Ta  KapTyBaHHSA  IapaMeTpiB
kBaHTH(DiKOBaHOT enekTpoeHnedanorpamu  (KEED), 30poBHX  BHKIMKaHUX
TIOTEHITiaTiB Ha peBepcrBHUH 1maxoBuii nmatepH (3BIIILIB) Ta 30poBUX KOTHITHBHHUX
Bukimkanux morenmianis (3KBII); cmamucmuuni.

Pesyabrarn

VY rpyni HI'Y kopensiuiiiHuii aHani3 BUSBUB JIOCTOBIpHE 3pOCTaHHS aMIUTITYAN
CIlyXOBHMX KOTHITUBHMX BUKIMKaHUX noreHuianiB (CKBII) y ¢ppoHTO-LIeHTpatbHUX
BimBenenHsax (7= 0,33, p <0,05), a Takox 3MEHIIEHHSIM TOKAa3HHWKA JIATEHIII O
aMILUTITYyTd B TIpaBOMY IeHTpajbHOMY BiaBemenai (r=-0,38, p<0,05) 3i
3pocTaHHsIM OaniB 32 MOHpEaJbChKOIO KOTHITHMBHOIO MIKAJOK0, IO € BapiaHTOM
HopMasbHOI cuxodizionoriunoi peakuii. Haromicts nokasauku CKBII goctoBipHO
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MOTIpIIYBAJIUCh 31 3POCTAHHSAM BHPa)KEHOCTI CHMIITOMIB ITOCTTPaBMAaTHYHUX
CTpecOBUX po3nafiB. 30KpeMa, MOKA3HUK JIATeHIis / aMILIITyAa B JIIBOMY JIOOHOMY
BiJIBEICHHI TO3UTUBHO KOPEIIOBaB i3 3aranbHuM Oanom mikanmu PCL-5 (r= 0,36,
p <0,05), a Takok i3 Gamamm 3a cyOmkamamu PCL-5C (ynukuenss) (= 0,50,
p <0,05), ta PCL-5D (meratuBHi nymxu Ta Hactpiii) (= 0,41, p <0,05). [Ipu
upoMy amrutityga P300 y niBoMy 10OHOMY BiJBEleHHI HEraTUBHO KOpEIIOBaa 3
Oanamu 3a cyomkanamu PCL-5C (ynuknenns) (r=-0,46, p <0,01), ta PCL-5D
(meratuBHi aymku Ta Hactpiil) (r=-0,39, p<0,05). Taki 3MiHM BigOWBarOTH
HasBHICTh OO'€KTMBHUX O3HAK HEHPOKOTHITMBHOTO JIe(IIlUTY, acOIiiOBaHOIO 3
cumnromamu [ITCP, y rpymi HI'Y.

3a mkanoro MoCA rpynmu HI'Y Ta 3CVY 3a piBHEM KOTHITUBHHMX (YHKIIIH
JIOCTOBIPHO HE BIAPI3HsUTUCS OfHA Bij oaHOi (p > 0,05). OnHak y J0CTiKyBaHHX 13
rpynmu 3CY cnocrepiraBcsi JOCTOBIPHO Tipliuii HEHPOKOTHITUBHUE aedinuT
nopiBHssHo 3 rpymnoro HI'Y (1=2,2; p<0,05), a Takok HWKYI TMOKa3HUKH
MOBTOPEHHS pPedeHb, KUIBKOCTI CIiB, BIJICTPOYEHOI'O MPHUTaJyBaHHS Ta Opi€HTAI]
(t=2,6; p<0,05). Takum umuoM, Tpyma 3CY mpomeMOHCTpyBaja JIOCTOBIpHE
MOTIpIIEHHS] KOTHITUBHUX (QYHKIIM mopiBHsSHO 3 Tpymoro HI'Y mepeBaxHo 3a
paxyHOK KOpPOTKOYAaCHOI BepOajabHOI mam'sTi, yBarm Ta O3HAaK Je30pieHTaiii B
MPOCTOpi Ta yaci.

Perpeciitnmnit ananiz (koedimieHT panroBoi kopensuii CripMmeHa, 7s) BUSBUB
JIOCTOBIpHI HETATUBHI KOpeJsiiai 3B's13kH (p < 0,05) Mk TOKa3HUKaMH 32 IITKAJIOI0
MoCA Bi3yanpHOI mam'sTi Ta moka3Hukamu 3a mikaigoro PCL-5 xmactepa C
(cuMITOMU YHUKHEHHS, TTOB'SI3aH1 3 TPABMAaTHYHOIO TTOMIEI0), MK TTOKa3HUKAMH 32
mrkanoro MoCA BisyastbHOI ITaM'sITi Ta TToKa3HuKamu 3a mkajoro PCL-5 knactepa E
(cuMmTOMH HaIMIpHOI PEAKTHBHOCTI), MK TIOKa3HWKaMmu 3a Imkamoro MoCA
3aTPUMKH TIpUTATyBaHHS Ta IIOKa3HMKaMu 3a mikaigoro PCL-5 xmacrepa D
(HeraTvBHI AyMKH Ta €MOIIii), MK MOKa3HHKaMHu 3a mkainoro MoCA opieHTarii Ta
MMOKa3HUKaMH CUMITTOMIB YHUKHEHHS 32 mkainoo PCL-5, a Takoxk Mixk MOKa3HUKaMHU
3a mkaioro MoCA Bi3yanpHOT mam'siti Ta mokazaukamu PCL-5 3a Bcima kpuTepismu
(xmacrep A) y rpyni HI'Y (ta6m. 1).

Taonuuys 1
Heiiponcuxomnoriudi noka3HMKU B 00CTeKeHUX Ipynax
BilicbkoBocay:x00BuiB HI'Y Ta 3CY, (M£SD)
IIkana, TeCT, NOKA3HUK HI'Yn = 35 | t-kpurepiii, p| 3CY n =29
KornituHe ¢yHKiionyBanns 3a MoCA 249+19 t=-10,3 252+2,0
p=0,7
KornituHe ¢yHkiionyBanHs 3a MMSE 26,3+1,4 t=0,6 27015
p=0,5
[Ixana camoortiaku PTSD (PCL-5), 50,6 + 14,2 t=0,7 46,2 +15,1
cymapHuii 0an p=0,5
[Ixana camoortiaku PTSD (PCL-5), 14,6 £55 t=1.2 12,1+4,9
kputepiii B (cumrrromu iHTpy3ii) p=0,3
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3akinuenna maon. 1

Il kaa, TecT, NOKa3HUK HI'Yn = 35 | t-kpuTepiii, p | 3CY n =29
[kana camoortinku PTSD (PCL-5), 42+32 t=0,3 3,9+23
kputepiii C (CHMITOMU YHUKHEHHS) p=038
[kamna camoortinku PTSD (PCL-5), 14,9 + 8,2 t=0,2 145+6,6
Kputepiii D (HeraTtuBHI JyMKH Ta eMOIIii) p=09
Ikana camoortinku PTSD (PCL-5), 16,5+4,0 t=0,5 15,7+ 3,8
kputepiii E (cumnroMu HaiMipHOT peaKTUBHOCTI) p=0,6
Cymapnwmii 6an GHQ-28, sum 41,6 +144 t=-0,7 45,6 £ 10,3
p=05
Comaru3anis, GHQ-28A 13,3+3,8 t=0,0 13,3+3,9
p=10
Tpusora i nucomuis, GHQ-28B 12,0+ 4,3 t=-0,8 13,6 +4,4
p=04
ComiansHa quchynkiis, GHQ-28C 11,1+4,2 t=-0,4 11,8+35
p=0,7
Tsxka nenpecist, GHQ-28D 51+4,1 t=-0,3 57+30
p=0,7
[Ikana camooliHku aenpecii 3yHra 63,6 £12,3 t=-0,3 65,0+12,0
p=08
[IIkana Cnindeprepa-XaHiHa, 57,3+7,1 t=0,1 56,8 +9,1
pEeaKkTUBHA TPUBOXKHICTh p=0,9
Ikana Cninbeprepa-Xanina, 54,3 +10,2 t=04 52,7+9,2
0COOHCTICHA TPUBOXKHICTh p=0,7

Juckycist i BHCHOBKH

Y BilicekoBOoCTY)00BIIiB HI'Y BHSBICHO O3HAKWM TillepaKTHUBAIil KOPTHKO-
JMiMOI9HOI cHCTeMH TIepeBa)KHO TMpaBoi (CyOmoMiHaHTHOI) MiBKymi, (i3ionorianoi
rinep30yuIMBOCTi OCHOBHHX CEHCOpPHHUX CHUCTEM, (yHKIiOHATBHOT
Tino(POHTANPHOCT] Y BUIVISAL MPUCKOPEHHS JATEHIl Ta 30UTBIIEHHS aMILTITy
xommonenta P100 3BIIIIIL. Jlami CKBII Bkasyrorh Ha HaAJIUIIKOBHIA,
HEEeKOHOMHUH Ta HeeekTuBHUI natepH pearyBaHHs [|IHC Ha KOTHITHBHI CTUMYIH
Y BUTJISII 3MEHIIIEHHS JIaTeH il Ta aMIutityx komrmorenta P300, mo acomiifoBanuit
31 3HAYHUM TOTIPIICHHSM BUKOHAHHS KOTHITHBHUX 3aBIaHb (OCOOIHMBO MOB'SI3aHUX
13 KOHI[EHTPAIII€I0 yBard, KOPOTKOCTPOKOBOIO BEPOANBHOIO MaM'SITTIO Ta 30pPOBO-
MPOCTOPOBUMH (PYHKIIISIMH) 1 MOXe OyTH MCHXO(i3ioNOoriqHO BIAMOBIIAID Ha
MIPOJIOHTOBAHWN TICHXOEMOIliHUI cTpec. 3adikCOBaHO TOCTOBIpHE 3pOCTaHHS
CHEKTPaIbHOI TeTa-TIOTYKHOCTI i/l 9aC TOCHIIEHHS IICHXOIATONIOT1YHOT TPUBOXKHOT,
JEMPECUBHOI CUMITOMATHKH, HEHPOKOTHITUBHOTO NEe(IiIUTY, a TAaKOK CHMIITOMIB
I[ITCP. BusBineHi TeHJeHIIi MOXYThb CBIAYATH TMPO HASABHICTh CTIHKOL
nepedpanbHOi AUCPYHKIIT SK IMOBIPHOTO IepedpaibHOro 0a3ucCy IMOAAJBIIOrO
PO3BUTKY TPUBOXXHO-JICIPECUBHUX CTaHiB, MOTIPIIEHHS 30pOBO-IPOCTOPOBHX
(hyHKIIH, KOpOTKOYACHOI BepOaNbHOI MaM'sTi, Opi€HTalii B MPOCTOpi Ta daci,
nos's3ane 3 po3sutkoM [ITCP Ta iHmMX po3nanis, acouiiOBaHUX 31 CTPECOM.
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Bepyuu o yBaru BUCOKHi1 TpeMOpOiAHUE piBEHb HEPBOBO-IICUXIYHOTO 340POB's
rpynu 00CTeXyBaHUX (MIpodeciiiHi BIHCHKOBI, SIKi TPOXOIMIIN PErYJISIpHI IICHXO0JI0T0-
MEIUYHI OIVISIIN) O TIOYaTKy OBHOMACIITa0OHOrO BTOPTHEHHS P, BUSBICHI 3MiHU
CBiIYaTh MPO HEOOXiJHICTh MOCHIJIEHOTO MPOJOHTOBAHOTO HEHpPOICHXiaTpUYHOTO
MOHITOPHHTY Ta, 33 TOTPEOH, BIAMIOBITHUX JIIKYBaJIbHO-MPOQIAKTHYHUX BTPYIaHb.

PizHi Buam crpecy, mOB's3aHi 3 BiliHOI, TIO-Pi3HOMY BIUIMBAIOTh Ha
nmocTpaxaanux 1mono himosipHoro po3sutky [ITCP. Ykpainceki komMOaTaHTH, sKi
Opanu Oe3mocepenHio ydacTh y OOMOBUX JisIX, a TaKOXK Ti, XTO TPUBAJIMI dYac
nepeOyBaiy B TOIOHI, MaIOTh Oinblinii pu3uK po3BUTKY [ITCP Ta nmo's3anux i3 HUM
KOTHITHBHHUX PO3JI1aJIiB.

BBaxaerscst 3a moTpiOHE pO3POOJICHHS CHCTEMH JIOBIOTPUBAIOI HEPBOBO-
MCUXIYHOI peabiniTamii Uis pi3HUX KaTteropii ocid, siki MOCTpaXkJald BHACIIIOK
POCIHCBKO-YKpaiHChKOI BiHHHM, 3 METOI0 YHHMKHEHHs PO3BUTKY y IMX OCi0
JOBTOTPHUBAIINX HEPBOBO-TICUXIUYHUX pO3NafiB, y Tomy uucii [ITCP.

JocnipkeHHs HepBOBO-TICUXIYHUX HACTIJIKIB PI3HUX BUJIIB CTPECY, NOB'I3aHUX 3
POCIHChKO-YKPaTHCHKOIO BIFHOIO, HEOOXIIHO MPOJOBKYBATH.
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PSYCHOLOGICAL AND NEUROPHYSIOLOGICAL CHANGES
IN THE SERVICEMEN OF THE NATIONAL GUARD OF UKRAINE
WHO GUARDED THE CHERNOBYL SSNP
AFTER RELEASE FROM CAPTIVITY

Introduction. The negative effects caused by long-term captivity in war can have a
profound, irreversible effect on the human body, affecting both physical and mental health.
The negative effects caused by prolonged detention in captivity can have a profound,
irreversible impact on the human body, affecting both physical and mental health. The number
of studies examining the neurological and cognitive effects of captivity and torture on prisoners
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of war is still very limited. The aim of the study was to determine the peculiarities of
psychological and neurophysiological changes in the early period after release of the National
Guard of Ukraine servicemen who guarded the ChNPP and were held in Russian captivity after
the beginning of the full-scale invasion. Russia’s actions in Ukraine, including its treatment of
prisoners of war, are in flagrant violation of international humanitarian law. The negative
effects caused by prolonged captivity can have a profound, irreversible impact on the human
body, affecting both physical and mental health. The servicemen of the National Guard of
Ukraine who were held in captivity have moderately pronounced persistent dysfunction of the
cerebral cortex and reticular formation of the brain stem.

Methods. The following methods were used during the study: quantified
psychodiagnostic, neuropsychological, neurophysiological, and statistical.

Results. Asignificant increase in spectral theta power was detected with an increase
in psychopathological anxiety, depressive symptoms, neurocognitive deficits, and PTSD
symptoms.

Conclusions. Theidentified trends may indicate the presence of persistent cerebral
dysfunction due to captivity as a possible cerebral basis for the further development of
anxiety and depression and the worsening of PTSD and other stress-related disorders. These
changes require further observation and study.

Keywords: Chornobyl NPP, National Guard of Ukraine, PTSD, cEEG, MoC(a,
neurocognitive deficit.
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KYPC YITPABJIIHHA CTPECOM "CAMO/JOIIOMOTA IL/TIOC"
B YHIBEPCUTETAX

Bcrtyn. B ymoeax nosHomacwma6Hoi egilinu Pocii npomu YkpaiHu cmydenmu
YHigepcumemie cmuKkalmuvcs i3 YUCAEHHUMU 8UK/AUKAMU ma cmpecogumu cumyayisimu,
AKI He2amueHO 8n/uealmsv Ha iXHe ncuxiuHe 300poe’s. Kypc ynpaeaiHHs cmpecom 045
dopocaux "Camodonomoea ILioc” cnpsamoeanuii HA HAOAHHA cmydeHmMam yHigepcumemis
npaKkmu4Hux HA8UY0K 0151 N000/IaHHS cmpecy i NOKpauwjeHHs ncuxiuHo20 3dopoe 'a. 11id uac
nposedeHHs1 KOJXMCHOI cecii Ha Kypci yuacHukam Gy/10 3anponoHO8AHO npoiimu Kopomke
onumyeaHHs1 0151 OYiHIO8AHHS 3a0080/1eHOCMI NPOB8edeHHAM ma opzaHizayielo Kypcy i
Hadamu MoxcAugicms cmydeHmam Hanucamu ceoi 8i02yKu cmoco8HO 3HAHb, AKi 80HU
ompumyiloms nid yac 3ausame. /o cb0200Hi 6 YKpaiHi 8idcymHi 6ydb-aKi d0caiddceHHs
e2pynogozo Kypcy "Camodonomoza Ilaioc", momy 6ya0 npuiiHamo piuwieHHs wodo
nposedeHHs1 nonepedHbO20 A0CAIOHCEHHS 015 OYIHIOBAHHS PU3UKIG, 3 AKUMU MOXCYMb
CMUKHYmMucs 8 nooa/ibuwomy enpoeadriHceHHi Kypcy.

MeTtoau. IlitomHe docaidiceHHs, npoeedeHe ceped cmydeHmie dhakyabmemy
ncuxosaozii Kuiecbko2o HayioHanbHo20 yHieepcumemy imeHi Tapaca IllesueHnka, sKi
npoifwau yeii Kypc, nokasa/o ixHe no3umusHe cmae/ieHHs 00 Kypcy. CmydeHmu nokasaau
BUCOKY 3ayikas/1eHicmb ma 3a3Ha4uAuU dKkmyaabHicms Yb020 Kypcy 8 peaisix YKpaiHu.

PesysbTaTHu. Y4acHUKU NiZIOMHO20 NpPOEKMY mMAKO}C 6KA3a/1u Ha 3HA4He
nideuujeHHs1 pi8HA HABUYOK Yy HAOAHHI ncuxo.102iyHoi donomozu nid 4ac cmpecy,
NnoKpawjeHHs1 8 ynpaeJiHHi emoyiamu ma 3azaqbHe nideuuwjeHHs1 AKocmi xcumms i
nogidomuu npo me, Wjo 60HU Nopaou1u 6 Kos1e2am yeil Kypc maKooic.

Bu cHoOBKU. Pe3ysbmamu docaidxceHHs1 8Ka3a1U HA He06Xi0HiICMb 8nNPo8adiHCeHHs
makux npozpamy Hag4a/16HUX 3aK/1a0ax 0151 niompuMKuU ncuxiuHo20 300poa8’ss cmydeHmie
ma nideuujeHHs1 iXHb0i 06i3HAHOCMIi y NUMAHHAX MEHMAa/16H020 300p08 'A1.

KnwuyoBi cimoBa: cmpec camodonomoza, ynpaeniHHA cmpecom, cmpec-
MeHedxcMeHm, ncuxiyHe 300poe8 ‘s1, cmydeHmu.

Beryn

Y cydacHHX ymoBax MOBHoMAacIITaOHOI BiliHU Pocii mporm VYkpaiHm KUTTA
YHIBEPCHTETCHKHUX CTYACHTIB € HaJI3BHYaliHO HANTPY)KEHUM 1 CHOBHEHUM YHCICHHUX
BuKIKKiB. [locTiitHi 3arpo3u, HeBW3HAYEHICTh MailOyTHHOTO, BTpara OMM3BKUX Ta
PIAHHX, a TakK HEOOXiMHICTh MPHUCTOCOBYBATHCH 10 HOBUX YMOB HaBYaHHS Ta
poOOTH, CTBOPIOIOTH 3HAYHMHM ICUXONOridHuil ThCk. Lle cepemoBuie crpuse
MIJBUIIEHHIO PiBHS CTpeCy, TPUBOXKHOCTI Ta Jnenpecii. BiacyTHICTh edeKTUBHUX
HaBHYOK YIPABIIHHS CTPECOM 3a TaKUX YMOB MO)KE€ MaTW CEpHO3HI HACIIIKU JUIs
NICHXIYHOTO 3/0pOB's, IO, y CBOIO Yepry, HEraTHMBHO BIUIMBA€ Ha 3IATHICTH IO
HaBuaHHA. IpynoBuit kypc "Camomomomora Ilmroc" [Self-Help Plus] (SH+)
po3pobienuii BeecBiTHROI0O opranizauiero oxoporu 310poB's (BOO3) ans nHanaHHA
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y4aCHUKaM MPAaKTUYHUX iHCTPYMEHTIB JUIs MOAOJAHHS CTPECY, PO3BUTKY HABUYOK
caMopery/siii Ta TMOKpalleHHsI 3arajbHOro camonouytTs. [Iporpama BpaxoBye
cnequdiky KHUTTI CTYIEHTIB Wi dYac BiliHH, JO3BONAIOYM iM e(EKTHBHO
BHUKOPHCTOBYBAaTH OTPUMaHi 3HAHHS Ta BMIHHS Y MTOBCSAKACHHOMY KUTTI. Lle cripuse
3MII[HEHHIO TICUXIYHOTO 3/J0POB's B yMOBax IMOCTIHHOTO CTPECy Ta HEBU3HAYEHOCTI.
Pesynbraté TppOX paHIOMI30BaHMX KOHTPOJNBOBAHWUX JIOCHIDKEHb Y KpaiHax
3axignoi €Bponu, [liBgennoro Cygany Ta TypequnHu noka3and 3HaYHE 3MEHILICHHS
TICUXOJIOTIYHOTO CTPECY cepel YYacHHUKIB, siki nmpownum kype SH+. Lli pesynasratu
3aCBIAYMIIN HOro e()eKTHBHICTh MPOrpaMH B 3aro0iraHHi BUHUKHEHHST NMICHXIYHUX
po3namiB. AHami3 pe3yibTaTiB  JOCHIIKEHHS €(PEKTHMBHOCTI ICUXOJOTTYHOIO
BTpydaHHs SH+ y 3amo0iraHHi po3BHTKY IICHXIYHHX PO3NAJIB Cepell CUPIHCHKUX
ODKEHIIB, sIKi TEPEKUBAIIN IICUXONOTTYHUN cTpec y TypeuunHi, mokaszas, mo SH+
He OyB eeKTHBHUM Ofipa3y Iicisi BTpydaHHsl, ajie OyB MOB'SI3aHUM 13 CIPUATINBIM
eeKTOM IIiC/Isl MIECTUMICAYHOIO CIOCTEPEKEHHS MO0 CHMIITOMIB JIEHpecii,
BH3HAYEHUX 0CO0MCTO, Ta sikocTi uTTA (Acarturk et al.,, 2022). Xoua 3rigHO 3
JOCIIJDKEHHSIM  cepell ODKEHINB, siKi mepeMicTuivics B 3axigHy €Bpomy, SH+
MOKa3ajo, [0, BHBYAIOYM HACIHINKKA NPO(MLIAKTUYHOIO BTPYYaHHS B PO3BHUTOK
MICUXIKM BOHM HE BHSBHIM IpodinaktuuHoro edekry SH+ Ha HasBHICTH O3HAK
MCUXIYHUX PO3JaaiB IiJ] Yac IIIeCTUMICIYHOIO CIIOCTEPEKEHHs, sKke Oyio
OCHOBHUM DPEe3yJbTaToM, aje OyJlo BHSBIEHO 3HAYHY PI3HUINIO Ha KopucTth SH+ y
3HIKEHHI YaCTOTH ITOTOYHUX TICHXIYHHUX PO3JIAIiB ICISI HETAaHHOTO BTPYYaHHS
(Purgato et al., 2021).

VY nociimkenHi, nposeacHomy B [liBHiunoMmy CymaHi, Oyio 3a3HaucHo, mo SH+
— IIe iHHOBAIlifiHa I'PyIOBa CaMOJOIIOMOra Il KepiBHULITBOM (acHiliTaTopa, sKa
MO)Ke OyTH IIBHJIKO 3aCTOCOBaHA JIO BEIMKOI KIIBKOCTI YUAaCHUKIB 1 TpU3BENE 110
3HAYHOTO 3MEHIIICHHSI TICHXOJIOTTYHOTO CTPECY Uepe3 3 MicsIl cepen )KIHOK-01KEHOK
(Tol et al., 2020). 3 ypaxyBaHHSIM TOTO, IO Y CBITi TOCTIIPKEHHS OO OIIHIOBAHHS
edexkTuBHOCTI Kypcy SH+ cepen CTyAeHTIB momnepenHbo He MPOBOMMIACSA, METOI0
IbOTO JOCITI/DKEHHS CTaB aHaJl3 Peakilii CTyNeHTChKOi MOIOAI Ha IHHOBAIlIHHUIA
(hopmart TipoBeieHHST Kypcy Ta OTPHUMAaHHS BIATYKIB JJISl TIOAAJIBIIOTO OIIHIOBAHHS
e eKTUBHOCTI KypCy MO0 3MEHIIIEHHS TICHXOJIOTIYHOTO CTPECY.

Metoau

[linoTHE MOCHiMKEHHS MPOBOMMIOCS 3 BUKOPUCTAHHAM SIK KUIBKICHOTO, TaK 1
SIKICHOTO TIXO/IB JJIsl OIiHIOBaHHS edeKTHBHOCTI Kypcy "Camononomora Ilmroc"
cepen cryneHTiB. OCHOBHOIO METOI OyJIO OIIHIOBaHHS 3aJ0BOJIEHOCTI YYaCHHUKIB
Kypcy Ta OTPHMAaHHsS 3BOPOTHOIO 3B'SI3Ky /ISl MOAJIBIIOTO BIPOBAPKEHHS B
yHiBepcuTerax. Y MIJIOTHOMY IOCTiPKEHHI B3SIIM y4acTh CTYASHTH (DaKyImbTeTy
nicuxonorii KuiBcekoro HarioHanmbHOro yHiBepcutery iMmeHi Tapaca llleBduenka.
3arajoM y MUIOTHOMY JIOCIIKEHHI B3SUIM y4acTb 34 CTYIEHTH, sIKi 10OpOBUIBHO
MOTOMIINCS IPOCITyXaTH Kypc. AHKETH, 1110 BUKOPUCTOBYBAJIHMCH i/l 4acC MiJIOTHOTO
JOCTiKeHHs, Oymu po3pobiieHi (acuiiTatopaMu Kypcy Ta MICTHIIN 3alTUTaHHS TIPO
3aJI0BOJIEHICTh MPOBEACHHSAM KypCy, HOTO 3MiCTOM, OpTaHI3aIli€f0 Ta KOPUCHICTIO
OTPUMaHUX 3HaHb 1 HaBW4ok. [licims koxHOiI cecii Kypcy ydacHUKaM Oyio
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3alpOITOHOBAHO 3alIOBHIOBATH aHKETY OI[IHIOBAHHS KOXKHOI Cecii Ta HalmmcaTH CBOL
JIYMKU CTOCOBHO OTPHMAaHUX 3HAHb i HABHUOK. L]e 103BOIIIIO KOMITIIEKCHO OI[iHUTH
epektuBHicTh Kypcy "Camomomomora Ilmroc" 1 BH3HAUMTH HaNpsMU HOTO
BJIOCKOHAJICHHS Ta MOJAJIBIIOr0 BIPOBAXKCHHS B YHIBEPCUTETAX.

PesyabraTn

VY nepion 3 06.10.2023 p. mo 16.02.2024 p. Ha paxyasreri ncuxonorii KuiBcpkoro
HaIlioHaJIbHOTrO yHiBepcuTery iMeHi Tapaca IllepueHka Oysi0 POBENECHO TPYIOBHIA
KypcC YIIpaBIIiHHS cTpecoM st gopociux "Camomomomora Ilmroc". dacumitatopaMu
Ha Kypci BUCTYHWIM CroiBpoOiTHUKK [HCTHTYTY micuxiarpii KuiBchbkoro
HaI[lOHAJIbHOTO yHiBepcuTeTy iMeHi Tapaca llleBuenka, 10 OTpUMaIIX MONEPEIHBO
BianoBiHy ceprudikamito B mnpencraBHunTei BOO3 VYkpaina Ta € gilicHUMU
TpEeHepaMHu 3 I[bOT0 KypCY.

Ilig yac mpoBedcHHS KOXHOI cecii Ha Kypcl ydacHHKaMm OylIo 3alpOIOHOBAHO
MPONTH KOPOTKE OIUTYBAHHS JJIsS OIIHIOBAaHHS 3a/I0BOJICHOCTI NPOBEJACHHSM Ta
oprafizamiclo Kypcy 1 HaJaTH MOXIIMBICTH CTyAEHTaM HAlMCaTH CBOI BIAT'YKH
CTOCOBHO 3HaHb, SIKi BOHH OTPUMYIOTh IiJ] Yac 3aHATh. ONUTYBaHHS CKJIaaaiocs i3
4 OnokiB: 3aranbHi mnHTaHHA (BIK, CTarh, MiClle HaBYaHHS), OLIHIOBAHHS
3a10BOJIEHOCTI KypcoM (OLiHITE BiJ 1 10 5, HACKUTBKH CTYIEHT 3aJ0BOJICHUH SIKICTIO
KypcCy, HABYaIIbHUX MaTEPiaIiB 1 Kypcy B IUIOMY, e 1 — ayKe 3aI0BOJIEHUH, a 5 — IyKe
HE3aJI0BOJICHHUH); OLIHIOBAaHHS AaKTyaJbHOCTI HABYaHHA Ta YM OyAyTh CTYICHTH
PEKOMEHIYBAaTH Lied KypC CBOIM KojieraMm; OJIOK BIIKPUTHX 3anuTaHb. CTyIeHTIB
MOIIPOCHITA  OITMCATH OCHOBHI ACIEeKTH Kypcy, SKHA BOHM NPOUILIA, IO iM
criomo0aitocs, o OyIIo CKIIATHAM 1 HE3PO3yMIINM, a TAKOK Oy/Ib-sIKi 1HIIII KOMEHTapi.

Beporo 6ymo nmpoBeneHno wotupu rpynu (34 crynentn) BikoM Big 19 mo 40 pokis,
repeBaXkHa OUTBIIICTD CTYAEHTIB XKiHouoi ctati — 32 (94,1 %) 12 (5,9 %) wonmoBiuoi
crari. KokHa rpyna mMana 5 ceciit nporsrom 3-4 TwkHIB, 1 abo 2 cecii Ha THXKICHB.
Opna cecis 3atimana 90—100 xB, 1m0 ckIagaeThes MpHOIU3HO 3 50 XB MOIEpEeaHLO
3armcaHoro aymiozanucy Ta 30-40XB IHTEpaKTUBHUX 3aHATH, BKIIOYAIOUH
o0roBOpeHHs y mapax. Beim crynenTam, mo npoxoawnu kKype SH+, Oymo nqomaTtkoBo
HaJaHO [1Ba UTIOCTPOBAHWX IIOCIOHMKM 3 TOCWJIAHHSIMH Ha aymiodaiimm st
CaMOCTIHHOTO BiATpAI[IOBAaHHS HABUYOK MUK cecisiMHu. Takok A KOXXHOI TPymu
Oymo cTBopeHo rpyny Ha tuatdopmi Telegram, e CTyIeHTH MOTITH OOMIHIOBATHCS
JOCBIJIOM 1032 MEXKaMH CecCili, 3aJjaBaTh JONATKOBI 3anmuTaHHs (acuiitaropam Ta
OTPUMYBAJIM HaralyBaHHs 100 HEOOXiTHOCTI MPaKTHKYBaHHS HAOYTHX HABUYOK y
BiTbHMM bac. DakTHUHHUN dYac 3aHATTS MIr 3MIHIOBAaTHCH 3aJICKHO BT TaKUX
(bakTopiB, SIK 3aIIUTAHHS YYACHUKIB 1 Yac, HeoOXiaHUH M1 TUCKyCiii. OCcOOIUBICTIO
3a3HAYCHOT0 KypCy MOPIBHAHO 3 IHITMMH T'PYIIOBUMH 3aHATTAMH CTAJIO T€, IO IS
rnepeaadi OLIBIIOI YACTHHM 3MICTY BHKOPHUCTOBYBAIIM IOINEPEIHBO 3aIHCAHE ay/Iio
Ta UTIOCTpaTHBHUM MaTepiail. I1ig yac KO>KHOTO 3aHATTS YYACHUKH TP OCITYXOBYBAIN
aymio3amucH, IO JIOIIOMOTajld MOIEpyBaTH TpoBeneHHS Kypcy. Ilim dgac
MIPOCITYXOBYBaHHS  CTYOSHTH OTPUMYBAJIM 3arajbHy iH(OpMAIli0 010
MEHTAJILHOTO 3/TOPOB'sI Ta OITHC HAaBUYOK, SIKi MPOIIOHYIOE IISH Kypc 1T OOpOTHOH 31
ctpecom. Kypc mepembauae, mo y4acHUKH He OYIAyTh IUIHTHCS OCOOWCTOIO
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iH(opMaLi€ro oauH 3 OAHUM a00 3 (hacumiTaropaMu, a 30CEPEAITHCS HAa BHBUYEHHI
HaBUYOK CaMOJOINOMOTH JUIs yIpaBiiHHs crpecoMm. Dacwmiitatopu Ha Kypci SH+
CYITPOBOJDKYBAJIM YYaCHUKIB, IEMOHCTPYIOUH ayli03aIUCH, PO3IIISIAI0uYN HABUYKH,
MpeICTaBIEHI B HUX, HABOMMIIM I[IKaBl MPUKJIAIN Ta IPAKTHYHI TOSCHEHHS, a TAKOXK
MPOIMOHYBAJIA MUTAHHS JJI1 OOTOBOPEHHS, MO0 3pOOUTH TPyIy iHTEPAKTHBHOIO.
HoBi HaBHYKM pO3KpHUBajlHCsS HA KOKHOMY 3aHSTTI i pO3IISAAIHCA B KOKHOMY
po3aini kuury "BakiuBi HABUYKH B TIepiof cTpecy: [mocTpoBaHe KepiBHULITBO" .

ITicis KOKHOTO 3aHATTS CTYIEHTH MaJIM Yac JJIs CAMOCTIHHOIO BiAmpaIfoBaHHs
HaOyTHX HaBUYOK JO HACTYIMHOrO 3aHATTA. lle M03BONMMIIO CTymeHTaM HMOALTUTHCS
CBOIMU Bpa)KCHHSIMU BiJl BUKOPUCTAHHS HABMUYOK Yy TMOBCSKICHHOMY JXUTTI. Y
oMy 85,3 % crymeHTIiB BUSBUIMCS Ay:Ke 3agoBoneHi ta 14,7 % BiAmoBiau, 1o
3a7I0BOJIEH] CBOIM JOCBiZOM HaBuyaHHS Ha Kypci SH+. Maiike KOXKHHUH CTYIEHT
3a3HAYMB, IO I Kypc MIABUINUB HOro HABHYKH B HAJaHHI ICHXOIOrIYHOT
JIOTIOMOTH I 9ac CcTpecy. AOCOTIOTHO BCl 3 OMMTAHMX CTYACHTIB 3a3HAYMIIH, IO
iHhopMallis, IKy BOHH OTPUMaJIF BiJ BUKJIajaya ITiJ 4ac Kypcy, Oyjia KOpUCHOIO Ta
91,2 % pexoMenTyBaiu 1iell Kypc cBOiM Koieram. BojgHouac dacuitatopamu Oyio
BKa3aHO Ha Te, 110 JesKi CTYICHTH MPOIYCKaIH B cepenHboMy 1+2 cecii, ane 1e He
BILUIMHYJIO Ha 3aCBOEHHS HABHUYOK, OCKLIBKH IIPOTrPaMoI0 Kypcy IepeadadeHo
MOXITMBICTh Tpormycky 1+2 cecii. Ha HacTymHiil cecii y4yacHMKH Maiu 3MOTY
crpoOyBaTH BIIIPAIIOBATH MNPOIMYIIEHY HABUYKY Ieped JACMOHCTPAIIE HOBOI
HaBUYKH TIOTOYHO] cecii.

VY4YacHUKM 3a3HAYMIIM TIOKPalleHHS y CIHPOMOXKHOCTI KepyBaTH EMOIIisMH,
TIOJIIMIIIEHHS B3aEMHH 3 OTOUYIOUYMMH Ta 3arajibHe MiABUIIEHHS AKOCTi KUTTA. Cepen
OCHOBHHUX BHCHOBKIB, sIKi CTYZCHTH C(HOPMYBAIIU ITICIIS POXOHKEHHS 3aHATh, BAPTO
BUJIUTHJIM HEOOXIMHICTh TPaKTUKyBaHHA HAaOyTMMH HaBHYKaMH, IOTpedy B
YCBIIOMJICHOMY CTaBJICHHI 10 CBOTO MEHTAJILHOTO 3/IOPOB'ST i OTpUMaHHS 3HAHb, K
mogonatu crpec. CTymeHTH 3a3HadmiId, IO iM cromo6aBcst GopMaTr MpOBEIeHHS
BOTO KypcCy, 30Kpema aTtmocdepa poOOTH B Tpymi A€ € BimayTTs Oe3ImeKw,
B32€EMOIOBArk Ta 3ally4eHOCTI, AKy CTBOpIOE (pacwiiTaTtop ImiJ 9Yac MPOBENEHHS
3aHSTh, T MOXKJIMBICTh OOTOBOPHUTH CBiif JOCBIA 3 IHITMMH ydacHUKaMH. [Ipu ipomy
CTYOEHTH TaKOK 3a3HauWid, IO iM CKJIagHO CHpuiMaTH iH(opMmario 3
aymiozamuciB, 1Mo TmepeadadeHi KypcoMm, TOMY TOBTOpEHHS iHQopMarii
(bacmmitaTopoM, HasiBHI MiJPyYHUKHA Ta MOKPOKOBE IPAKTHYHE BiATPAI[OBAHHSI
BIIPaB JIONIOMAraroTh PO3'SICHUTH, K CaMe 3aCTOCOBYBATH HAOyTi HABUYKH.

Jluckycist i BHUCHOBKH

[lincymkoBHI pe3ynbraT BKasye Ha MO3UTHUBHI BIATYKH 3 OOKY CTYHOEHTIB HIOIO
kypcy "Camomomnomora [Imtoc" B yHiBepcuTercbkoMy cepenoBuiii. Lle mocmimkeHHs
JO3BOJIMJIO OLIHUTH PU3UKH, SIKI MOXYTh BHHUKHYTH TiJl Yac MOJaJIbIIOro
BIIpOBaKeHHsT Kypcy SH+ B yHiBepcuTeTax Ta B MalOyTHIX JOCIHIIKEHHSX IOAO
OLIIHIOBaHHA eQEeKTUBHOCTI TpymoBoi iHTepBeHMii "Camomomomora Ilmroc" mis
PO IAKTUKN TICHXIYHUX PO3JIA/AiB cepell YKPaiHChKUX CTYIEHTIB 3 JIETKUMH Ta
MOMIPHUMH CUMITTOMamMu crpecy. OTpuUMaHi pe3yasTaTd BKa3ylOTh Ha BaXKIHBICThH
TaKUX TMPOrpaM y HABYAIBHUX 3aKiajax [yl MIATPUMKH TCHXIYHOTO 3I0POB'S
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YYaCHHUKIB HABYJIBHOTO MpoOLECcy. Y TEpCleKTUBI BOPOBALKEHHA Kypcy
"Camomnomomora Ilmtoc" MoXxe cTaTi OCHOBOIO JUTsl pO3POOKH KOMIUIEKCHUX IPOrpam
MIATPUMKH TICUXIYHOrO 370pOB's B YHiBepcuTeTax. Lle J03BONUTH CTBOPUTH
CHPUSTIMBI YMOBH JUIs HABYaHHS, 3MEHILIUTH PIBEHb CTPECY CEPE CTYICHTIB, a TAKOXK
MiBUIIMTH 3araibHy e(EeKTUBHICTh HABYAJBHOTO IMpolecy. Po3mmpeHHs Takux
mporpaMm 1 iX ajganTamis 0 crnenuivHuX MOTped KOKHOTO YHIBEPCHUTETY MOXKE
CHIPHATH MOKPALICHHIO TICUXIYHOTO 300POB'sl HA HAI[IOHAJILHOMY DiBHi.

Monsixku, mxepena d¢inancyBanHs. J[lane IOCHI[DKEHHS BHKOHAHO B paMKax HAyKOBOTO
nociipkeHHs "[HHOBaifiHAa MOJIeNTh 3aXKUCTY MEHTAJIBHOTO 3/I0POB'S CTYIEHTCHKOI MOJIOZI Y BOEHHHH
Ta TOBOEHHMH mepiogn” 3a rpaHToBOI miaTpuMKHu HamioHanbsHoro ¢oHmy IoCHmimkeHb YKpaiHH
(mep>xaBHU peectpariitauit Homep: 0123U103503).
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STRESS MANAGEMENT COURSE "SELF-HELP PLUS" IN UNIVERSITIES

Introduction. These theses present the results of the study of the preliminary
implementation of the "Self-Help Plus" (SH+) course at the university. To date, there are no
studies in the world evaluating the effectiveness of the SH+ course on students, and it has not
been investigated how the course can affect the educational process.

Methods. Tobegin with, it was necessary to obtain a general evaluation for the SH+
course from the students. This should provide insight into the future risks that may be
encountered when introducing the course into students' curricula. SIn total, 4 groups
(34 students) of the Faculty of Psychology of Taras Shevchenko National University of Kyiv
passed. Each group had 5 sessions over 3-4 weeks, 1 or 2 sessions per week. After each
session, students were given time to independently practice the acquired skills before the
next session. This allowed students to share their impressions of using skills in everyday life.

Results. To assess the need for and interest in this course, students were asked to
complete a short survey after each session. All students were satisfied with the conduct,
quality and organization of this course. Each student said that he recommended this training
to his colleague and that this course was relevant and increased his learning in this topic.
Among the difficult or incomprehensible, students noted the following: it is difficult to
perceive audio recordings, it is difficult to think about painful situations, it is difficult to
follow some instructions. At the end of the final facilitation sessions, some students requested
a training session for facilitators to spread knowledge among students.

Conclusions. Expanding such programs and adapting them to the unique needs of
each university can have a positive impact on mental health at the national level.

Keywords: stress, self-help, stress management, mental health, students.

Asrop H. IlimeHoBa 3asBisie Ipo BiACyTHICTh KOHQuIIKTY iHTepeciB. CrioHCcOpH He Opaii ydacTi B po3po0ieHH1
JIOCHIKEHHS; y 300pi, aHawi3i 4M iHTepnperauil JaHMX; y HAaNMCaHHI PYKOIMCY; B pILIEHHI Npo myOiiKaiiro
Pe3yJIbTaTIB.

The author N. Pimenova declares no conflicts of interest. The funders had no role in the design of the study; in
the collection, analyses or interpretation of data; in the writing of the manuscript; in the decision to publish the
results.

ISSN 3041-1491 (Print) 393



BeGinap "MeHTa/bHE 340POB'sl NPU HaA3BUYANHUX CUTYalligX B YKpaiHi..."

YK 616.89-008.454:616.395:616-001.28
DOI: https://doi.org/10.17721/3041-1491/2024.11-51

KoctrauTux KYII1, kana. me. Hayk
ORCID ID: 0000-0003-1954-3075
e-mail: kvk0906 @gmail.com

Ipuna IIEPYYK], kaHA. MeA. HAyK, IPOBiJ. HayK. CHiBpPOO.
ORCID ID: 0000-0002-2537-2113
e-mail: iperchuk76@gmail.com

Teopriii KPEMHIC!, Hayk. cniiBpo6.
ORCID ID: 0000-0002-4470-1517
e-mail: gkreinis@gmail.com

Katepuna AHTHUIIYYK!, kaH /. MeA. HAyK, CT. HAyK. CiBp0OG.
ORCID ID: 0000-0001-8463-7874
e-mail: psyho2011@gmail.com

3nata BACUJIEHKO1, 3aB. Bi-HA pajiall. ICUXOHEBPOJIOTii
Scopus ID: 56561067200
e-mail: vasilenkozlata@ukr.net

1/lepxaBHa ycTaHoBa "HanjioHa/bHU HAyKOBUH LEEHTP
pajianiiiHoi MeAUIMHHA, reMaToJIOTii Ta OHKOJIOTIi
HanjioHaibHOI akaAeMii MeANYHMX HAayK YKpainn", KuiB, Ykpaina

MOCTPAJIALNMHUN HEMPOKOTHITUBHUM JEPILMUT Y OCIB,
1[0 MOCTPAK/IA/IH BHAC/IIZIOK ABAPIi
HA YOPHOBMJIbCbKIA ATOMHIN EJIEKTPOCTAHIIII

Bcrtyn. Memoiw docaidxicenHss 6Gyno eepudhikyeamu ma 06'ekmugizyeamu
nopyuieHHs1 KO2HIMueHo20 (HYHKYIOHY8AHHST npu XpoHIuHIll yYepe6poeacKyAsapHill
namoozii'y eiddas1eHomy nepiodi nicas eniugy maaux 003 ionizyilouoi padiayii eHacaidok
YopHo6uawvcbkoi kamacmpodpu. IlopywieHHss kKozHimueHoi cdhepu npu XpoHIUHIL
yepebposackyaspHiii namosoeii 8 yuacHukie sikeidayii Hacaidkie aeapii (YJIHA) Ha
YopHo6uawcewkiti amomHiii enekmpocmanyii (YAEC) y eiddaseHomy nicasiasapitiHomy
nepiodi xapakmepu3yemuvcsi cno/ay4eHHsAM pO3CisHOi MiKpoeozHUujesoi Heapo/102iuHOT
cumnmomamuku; emoyiiiHo-nosediHkosux po3.iadie i3 cymo KozHimueHuUMu po3saadamu
(3HuUdiceHHsA nam'sami | KOHYeHmMpayii ysazu; esiemMeHmMuU aKycmuko-mMHecmu4Hoi agpa3sii;
nopyuleHHs1 MUC/AEHHS, PO3YMIHHS, NJAAHYBAHHS, YiNenoKAAdaHHA ma CcyoxiceHs) y
cmpykmypi XpoHiyHOI iwemii 20/108H020 MO3KY, yepeGpa/ibHO20 amepocK/aeposy,
2inepmoniyHoi eHyedhaionamii ma opzaHiyHUX ncuxiyHuXx i nogediHKo8uUX po3a1adis.

MeToau. BuseseHuii Heliponcuxono02iyHUull namepH KozHimMueHux po3.aadie npu
yepe6posackyaspHiii namoJozii nicas onpomiHeHHs eidnogidae s1ezkomy / nomipHomy
KO2HIMuU8HOMY nopyuleHHI0. XapakmepHuUMu pucamu Yb020 KOZHImueHo2o dediyumy €
3mMiHU  eep6a/ibHOi nam'smi ma  HABYAHHS,  3HUJiCEHHI  6Ge3nocepedHbO20
3anam 'simo8yeaHHs1, KOpomKo4dacHoi nam'sami ma pempoakmugHoi inmepdghepeHyii.

PesyabTaTu. Ipu onpomineHHi 8 do3ax noHad 0,3 36 ¢ Y/IHA 6ye euseieHuii
XapakmepHuii 00303a/1eCHUll ncuxoMmempu4Huil namepH, AKUll noasa2ae y 00cmogipHomy
3HUJICEHHI NOKA3HUKI8 aKmya/abHO20 3a2a/1bH020, 8ep6a/bH020 Ma Heeep6a/1bHO20
koedpiyienmie inmenekmyaavHocmi (Intelligence Quotient, 1Q), us3Ha4eHUX 3a WKaA/1010
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inmesnekmy Bekciaepa daa dopocaux (Wechsler Adult Intelligence Scale, WAIS) npu
00HOYACHOMY 3pocmaHHi dedhiyumy OaHUX NOKA3HUKIE NOpPIGHSHO 3 npemopGioHUMU
(doasapiiinumu) pieusamu. Jepiyum 3azanvHozo IQ 3a paxyHoOK 3HUdCEHHS 8ep6a/1bHO20
1Q modcHa po3zasdamu K Hellponcuxo102ivHuUll MapKep Ko2HimugHuUx nopyuieHs 8 YJIHA,
wWo 8id03epKaioe ypaxceHHs 1ieoi (0omMiHaHMHOI) ni8Ky/1i 20/108HO20 MO3KY.

BucHoBku. Heo6xidHi nodaavwi ncuxiampu4yHi K/iHiKo-enidemio102iuHi
docnidiceHHs1 3 d03uMempu4HUM Cynpo8odoM, OYiHIO8AHHAM COMAMOHEBPO.102i4H020
300p08’ss, MOXMCAUBUX KOZHIMUBHUX [ NCUXOMUYHUX CUMNMOMI8 KOHMUH2eHmis,
nocmpabsicdanux ynacaidok YopHo6urbcbkoi kamacmpodgbhu.

Knw4yoBi ciaoBa: HelipokocHimueHuili degpiyum, ioHizyloue eunpomiHO8aHHS,
YopHo6uawvcbka kamacmpodgha, YIHA Ha YAEC, npemopGioHuii inmesekm, koedbiyicum
iHmesekmyaasHocmi.

Beryn

Bruime Ha ncuxidHe 310poB'S 1 HelporncuxiaTpuyHi Hachinku YopHOOMIBCHKOT
KatacTpodu Oy OKpecieHi, sK: 1) MCUXOJIOriuHI Ta MCUXOCOMATHYHI PO3JIajIH;
2) IOBTOCTPOKOBI TMOPYIIEHHS TICUXIYHOTO 3JI0POB's, BKIIOYAIOYH JIETIPECIIO,
nocrrpaBMatnuHuii  crpecoBuit  poznax (IITCP) 1 370BKMBaHHS —aJKOTONEM;
3) epeOpoBacKy/IsipHa Ta IHIIA OpraHiuHa IATOJOTIS IEHTPAIbHOI HEPBOBOL
cucremu; 4) KOTHITHBHI po3nagd; S5)edekTd Ha TOJIOBHHA MO30K, IO
PO3BHBaIOTKCS; 6) MOTEHIIHI paaioniepedpanbHi edekTH; 7) CHHAPOM XPOHIYHOT
BroMu; 8) camorybctBa (Bennet, Repacholi, & Carr, 2006, p. 93; basuka, 2021,
c. 142). I'onoBHUMH YMHHUKAME PU3UKY HETATHBHOTO COIIAIbHO-TICHXOJIOTTIHOTO 1
MEIUYHOTO BIUIMBY pajiariiinoi Ham3BHyaiHOi cHTyamii (Ha BIiAMIHY Bif
pamioTeparneBTUYHUX 1 PagioAiarHOCTUYHUX TPOIEIYpP) € TICHXONOTIYHHA CTpec,
CIIPUHHATTS PHU3NKY Ta i0HI3yroue BumIpoMmiHtoBaHHSA (IB), ski mpw3BOmATH 10
COLlIaJIbHUX 3MiH, MOPYIIeHb (I3UYHOr0 1 IICHUXIYHOI'O 3I0pPOB'S, 30KpeMa
nenpecuBHUX posnafiB (JloranoBcrkuit, 2014; Loganovsky, Loganovska, & Kuts,
2018). PapiamiiiHo-acoriiioBaHNid HEWPOKOTHITUBHUM MeIiUT B YYaCHHUKIB
mikBigarii Hacminkis aBapii (YJIHA) ra YUopHOOMIBCHKIN aTOMHIN €TeKTpOCTaHIIIl
(UAEC) Garato B 4yomy MOB'SI3aHUH 13 1EepeOpOBACKYISIPHOIO IATONOTIEI0, aje
HeliponereHepaTuBHI Ta ayTOIMYHHI mporecu 0e3yMOBHO 3aiydeHi, o morpedye
MOJaNBINX nociimKkerb (JloranoBcekuit Ta iH., 2016). KorHiTuBHI nopymeHHs B
oci0, mocTpaxkganux BHacmigok apapii Ha YUAEC, cTaHOBIATH 3HAYHY MEIHUKO-
colliaJbHy MpoOIIeMy, 0 OOYMOBITIOE HEOOX1THICTh pO3pOOKH e eKTHBHUX METOIIB
X MIarHOCTHKH, IPOQIIAKTUKA Ta JIIKyBaHHS.

Metoau

Ju3aitH nocmiKeHHs — IMPOCTIEKTUBHE KIITHIYHE TOCITIHKEHHS 3 HAsSBHICTIO TPYII
HO30JIOTIYHOTO Ta HOPMATHBHOTO  KOHTPOJIIO, oOcrexxeHnx Ha 0a3i BigaiTy
pamamHHm HCHXOHeBponoru HepxaBHOi YCTaHOBH "HarionanpHUI HayKOBUT
LeHTp panianiiHoi Menunuan HamionanbHoi akaneMii MeIMYHMX HayK YKpaiHu'"
(HHLIPM) y 2013-2017 pokax. OcHoBHY Tpymy ctaHoBmwin 185 YJIHA na HAEC
yonoBivoi crati B 1986—1987 pp. y Biti 44—65 pokiB i cepeaapomy Bimi (M£SD)
56,3+ 5,4 poky 3 HasABHICTIO 3amuCiB Mpo 103U omnpoMmiHeHHs Yy KiriHiko-
eminemionorivaomy peectpi (KEP) HHIIPM Ta BepudikoBaHOIO XPOHIYHOIO
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nepedpoBackyssipHoro natosoriero (L[BIT). YKomHomy nariienTy He Oyia giarHOCTOBaHA
rocrpa mpomereBa xBopoOa (I'TIX). [pymy HO30JIOTIYHOrO KOHTPOJIO CTaHOBUIIM
25 HeomnpoMiHeHnXx oci® 4omoBivoi crari 3 BepudikoBaHoo xpoHiuHoro L[BIL sxi He
3a3Hamu BIumBy 1B, Bik 55,8 +4,58 (n=25). HopmaruBHy Tpymy CTaHOBHIH
MPAKTUYHO 3I0POBi 0COOHM YOIOBIYOI CTaTi, sIKi HE 3a3Haiu BIUMBY 1B, cepenmniii Bik
55,98 + 6,73(n = 25). BukopucToyBamch HEHPOIICHXOJIOTIUHI METOIM (KOPOTKA IIIKajia
OL[IHIOBaHHsI TicuxiuHoro crarycy (Mini-Mental State examination, MMSE); tect
aynmuTopHO-BepbansHoro HadanHs Pest (Rey Auditory Verbal Learning Test, RAVLT);
mkana inrenekty Bekcenepa mis nopocinx (WAIS); piBHSIHHS perpecii 11t po3paxyHKy
npeMopOinHuXx KoedimieHTiB iHTenekTyaapHocTi (IQ) 3a B. Gao; craructiuui MeTomu
(MeTomM JIeCKPUNTHUBHOI CTATHCTUKK, BapialliifHOi CTATUCTUKH (IIapaMeTpUYHi Ta
HeTllapaMeTpyuyHi, KOpeIsIiiHAN aHai3).

PesyabTaTn

Hiana3oH 103 30BHIMHBOTO onfpoMiHeHHs oocTexennx YJIHA nHa YAEC cranoBuB
0,0002—-1,23 3B 3a cepennboi apudmernanoi go3u (M£SD): 0,24 + 0,23 3B, cepenHboi
reomerpuynoi g03u 0,12 3B, MemianHoi 7034 0,2 3B 13 MDKKBApPTHIILHHUM PO3MaxoM
0,06-0,3 3B. B ycix 00cTeKeHUX OCHOBHOI TPYITH Ta TPYIH HO30JIOTTYHOTO KOHTPOIIO
OyJ10 JIIarHOCTOBAHO XPOHIYHY 1IepeOPOBACKYIISIPHY ITATONIOTIIO JIETKOTO Ta IIOMIPHOI0
cTyneHs (aucimpkyiaropHa eHuedanonaris -1l cTymens) y Bumismi XpoHIYHOL
itemii rojoBHOro Mo3ky (MixHaponna kimacugikaitisi xBopod 10-ro mepersmy,
MKX-10: 167.8), niepedbpansHoro atepockieposy (MKX-10: 167.2) Ta rimeproridHOl
eanedanonarii (MKX-10: 167.4).

B ocHOBHII Tpymi Ta Tpyrni HO30JOTIYHOTO KOHTPOIIO BHUSBICHI HIDKUI
rokasHuKd MMSE, Hibk y HOpMaTHUBHIN TPyIIi, MPUIOMY B OCHOBHiH I'pyITi — Ha piBHI
JIETKOTO / TIOMIPHOI0 KOrHITHBHOTO fAedinuty (p < 0,05). JlocnimkeHHs BepOaabHOT
mam'sTi 3a Meromukor0 RAVLT BHSBHIIO CTaTUCTHYHO IOCTOBIpHE 3HMKCHHS
6e3mocepeTHpOro 3anaM ITOBYBaHHSI, KOPOTKOTPHBAJIO] Ta JOBTOTPUBAJIO] ITaM'STi B
rpymi YJIHA Ta rpyni HO30m10r19HOr0 KOHTpOio (p < 0,05-0,01).

VY pesynsrarti anamizy npodiiato cyotectiB WAIS BHUsIBIIEHO 3HIKEHHS OIIHOK 32
psagoM cyOTecTiB, 31eOiTBIIOro BepOANbHUX, B OCHOBHIM TpyIi MOPIBHSHO 3
HOPMAaTHBHOIO Tpymoro, 30kpema: "OO6izHaHicTs" (p <0,05), "Tamymricts"
(»p<0,01), "Apudbmermunuit" (p <0,01), "IloBropemns uudpp" (p <0,01),
"CnoamkoBuit" (p <0,001), "lludpysanus" (p<0,001) Tta "[locmigoBHi
MamtoHKn" (p < 0,05), 6inpin Bupaxkene B YJIHA na YAEC, onpoMiHeHuX y 103ax
monan 0,05 3. Ominku 3a cydTecToM "TsAMyIIicTs" B OCHOBHIM TPyl BUSBHIUCH
TaKOX HIKINMH, HDXK Y TPYIi HO30JIOTTYHOTO KOHTpoio (p < 0,05).

Hedimut 1Q pospaxoByBaBcs Ha TiAcTaBi pi3HUII MiK mpeMopOimauM 1Q Ta
aktyanpauM (daktuaanM) 1Q. Ilokasnmku wacrotm nmedinuty 1Q HaBemeHo Ha
puc. 1, 3 SKOro BUIUIMBAE JIOCTOBIPHE BiJHOCHE 3HWKeHHsA [Q, mepeBakHO 32
paxyHOK TOBHOro Ta BepOampHOro IQ, B ocHoBHiKA rpymi. Lli 3MiHM MaroTh
TEH/ICHIII0 /10 TOCHJICHHS ITPU ONIPpOMiHEHHI B 103ax noHan 0,3 3B. Taki mopymieHHs
KorHiTuBHUX (yHKUiH B oOcTexxeHnx YJIHA na YAEC € cBigueHHSM OpraHidHOro
YpasKeHHS TOJIOBHOTO MO3KY 3 TIOPYIICHHSIMHU (DYHKLIOHYBaHHS JiBOi, JOMIiHAHTHOI
MiBKYJi TOJIOBHOTO MO3KY.
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Puc. 1. Yactora korHiTuBHOro 1edinuTy pi3HUX CTyNEeHiB
NPH NOPiBHSIHHI NPeMOPOiTHOI0 3 AKTyaJBHUM 3arajJbHuM 1Q
(1 — ocHOBHa rpyna; 2 — rpyna HO30J0T1YHOIO KOHTPONIO; 3 — HOPMaTUBHA IPYIa)

[Ipu onpominenHi B no3zax noHan 0,3 38 B YJIHA OyB BUsIBIICHUH XapaKTepHHI
JI0303aJIeKHUH ICUXOMETPUYHUN TIAaTepH, SIKUI TIONISTAa€E B JOCTOBIPHOMY 3HW)KEHHI
MOKa3HUKIB  aKTyalbHOro  ((akTHYHOro)  3arajpbHOro, BepOajbHOrO  Ta
HeBepOanpHOro IQ Tpu ofgHOYacHOMY 3pocTaHHI AedilUTy JaHUX IOKAa3HUKIB
MOPIBHSAHO 3 MpeMopOimHumu (moapapiiinumu) piBHsaMu. KoedirieHTn TiHIHHOT
kopensrii 3a [lipcoHoMm (7) I mMoka3HUKIB (pakTuaHoro 1Q mpu ompoMiHeHHI B
nozax moHan 0,3 3B cranoBumm r=-0,49 —0,57, p<0,05, a gma gedinury
nokaszaukiB 1Q: » = 0,54-0,69, p < 0,05-0,01, BigmoBigHO.

[TopyteHHsT KOTHITHBHOI Chepr TP XPOHITHIHN IIepeOpOBACKYIISIPHIH MaToNorii B
VIIHA na YAEC y BimmaneHOMY ITicisSaBapifHOMY TIEpiofli XapaKTepHU3YEThCS
CHONYYEHHSM  PO3CITHOI  MIKPOBOTHHINIEBOI ~ HEBPOJIOTIYHOI  CHMITTOMATHKH;
EMOIIIITHO-TTOBEIHKOBIX PO3MAJIB i3 CyTO KOTHITHBHUMH PO3JIaJIaMH (3HMKEHHS
mmam'sITi Ta KOHIIEHTpAIlii yBard; eIeMeHTH aKyCTHKO-MHECTHYHOI adasii; mopyIeHHs
MUCIICHHS, PO3YMIHHS, TUIAHYBaHHS, IUICTIOKIAJAHHSI Ta CYIKEHb) Y CTPYKTYypi
XPOHIYHOI iMIeMii TOJIOBHOTO MO3KY, IIepeOpabHOrO arepoCKIepo3y, TimepTOHITHOT
eHnedanonarii Ta OpraHiYHMX TMCHXIYHUX 1 mMoBemiHKoBHX poszmafniB (Kym, 2018).
Busienennii  HEHpOINCHXOIOTIYHUI  TAaTepH  KOTHITUBHUX  PO3NMAIiB  TIpU
1epeOpOBaCKYISIPHIN MTATONOT 1 ITiCIs OPOMIHEHHS BiMOBIgA€E IETKOMY / TIOMipHOMY
KorHiTuBHOMY TTopytieHHto (Kyr, 2018). XapakrepHuMy prcamul IIbOro KOTHITHBHOTO
nedinuTy € 3MiHE BepOaIbHOI MaM'sATi Ta HAaBYAHHSI, 3HIKEHHI 0€3M0oCcepeHhOro
3armam'sITOByBaHHS, KOPOTKOYACHOI mam'siTi Ta perpoakruBHOI iHTepdepenmii (Ky,
2018; Loganovsky et al., 2018). docmimkeHHs BepOalbHOI TTaM'sITi 3 BHKOPUCTaHHSM
TeCTy ayAuTOpHO-BepOanpHOro HaBuaHHA Pes (Rey Auditory Verbal Learning Test,
RAVLT) BusSBMIO CTarUCTUYHO JOCTOBIpHE 3HMKEHHS  0e3[0CepenHbOro
3anaM'ITOByBaHHS, KOPOTKOTpHBaoi Ta nosrorpusaiol nam'sati B YJIHA na YAEC
(Kyn, 2018). Ilpu ompominenHi B mo3ax moHax 0,3 38 B YJIHA OyB BusBneHuit
XapaKTEpHUN  J0303aJIEKHUM  TCUXOMETPUYHUM marepH, SKAA MOISIrae B
JOCTOBIPHOMY 3HIJKEHHI MOKa3HHMKIB aKTyaJIbHOTO 3arajibHOro, BepOalbHOro Ta
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HeBepOanpHOro 1QQ, BH3HAUEHMX 3a IIKAJIOK I1HTENEKTy Bekciepa s JOpOCIHX
(Wechsler Adult Intelligence Scale, WAIS) npu omHOuacHOMY 3pocTaHHi AedinuTy
JTAHUX TIOKa3HUKIB MOPIBHAHO 3 peMOpOigHUMH (IoaBapiitHuMu) piBHAME. edinuT
3arayibHOro [Q 3a paxyHOK 3HMIKCHHS BepOanpHOro 1Q MokKHA pO3MISAaTH SIK
HEHPOIICUXONOTIYHNI MapKep KOrHITHBHUX mopyuieHb B YJIHA, mo Bigmzepkaitoe
ypaskeHHs! JiBOi (JOMiHAHTHOI) MiBKyJi rogoBHOro Mo3ky (Jloranoscwkuii, & Ky,
2018, c. 53). Hamu Oyno po3poOyieHO iarHOCTHYHI KpUTEpil HEHWPOKOTHITUBHOIO
nedinuTy npu XpoHiuHiH 11epeOpOBaCKYISPHIN MATONOTI Y BiIaNeHUi epiof mics
BIUIMBY IOHI3YFOYOI pajiallii B Jianma3oHi Majqux 103 yHacHigoKk YopHOOMIBCHKOT
karacrpodu (Kyi, 2018).

HeoOxinHi momasblm MCUXIaTPUUHI KIIIHIKO-EIMiIeMIONOriYH1 JTOCTIDKEHHS 3
JO3UMETPUYHUM CYNPOBOJIOM, OIIHFOBAHHSM COMAaTOHEBPOJIOTIYHOIO 3/I0pOB'S,
MOYKJIMBUX KOTHITUBHHUX 1 ICHXOTHYHUX CUMIITOMIB KOHTHHICHTIB, TIOCTAPAKIAINX
yHacainok YopHoOunbebkoi katactpodu (Bazyka et al., 2015).

Juckycist i BHUCHOBKH

Heiiporncuxonoriynuii narepH KOTHITUBHUX PO3JaJliB MPH 1IepeOpOBACKYIISPHIN
MaToJIOTIi y BiJUIajieHW# Iepioj Micis OmpoMiHEHHsS BHaciigok aBapii Ha YAEC
BIJIMIOBIIa€ JIETKOMY / IOMIPHOMY KOTHITHBHOMY TOpPYIIEHHIO. XapaKTepHUMU
pHcaMH I[bOT0 KOTHITUBHOTO JIeilUTy € 3MIHM BepOabHOI MaM'siTi Ta HaBYaHHS,
3HMKEHHI 0e3MO0CepeIHhOr0  3araM'siTOBYBaHHS, KOPOTKOYACHOI Tam'aATi Ta
perpoaktuBHOi iHTepdepenmii. B VJIHA wa YAEC BUSABICHO 3HIDKCHHS
aKTyaJIbHOTO 3aTrajlbHOTO Ta BepOaasHOoro 1Q mopiBHSIHO 3 mpeMopOiTHUMHU PIBHAMHU
IQ, sKi MOCHIIOIOTHCS TPH J03aX 30BHIMMHKOTO ompoMiHeHHs moHax 0,3 3B.
Hedinut 3aransHoro 1Q 3a paxyHOK 3HMKEHHSI BepOarbHOro [Q MOXKHA pO3TIIAIaTH
SIK HEHPOIICHXOJIOTIYHI MapKepy KOTHITHBHUX TopymieHs B YJIHA ma YAEC i3
XPOHIYHOK 1€peOPOBACKYIISIPHOIO MATONOTIEI0, SIKI BiAOHMBAIOThH JIAaTEpali3allito
YpaXkeHHsI 0 JTiBOI (JIOMiHAaHTHOi) TeMic(hepl TOIOBHOTO MO3KY i3 KITFOYOBUM
3aITy4eHHSM TiIOKaMITY.

Buecok aBtopiB: Kocrsintun Kyl — koHLenTyasi3aiis, METOIONOT IS, TIporpaMHe 3a0e3neueHHsl,
¢dbopmanbHUIl aHa3, Bamigamis AaHMX, HANMCAHHS — OpUTiHalbHA 4YepHerka; IpuHa Ilepuyk —
HalmMcaHHs — mepenisia i penaryBanns; [eopriii KpeiiHic — HamucaHHs — Hepenisil i peJaryBaHHs;
Karepuna AHTHOUYK — HamMCaHHS — Ieperisil 1 peaaryBaHHs;, 3nmara BacuiaeHko — HammcaHHS —
neperisiy i pefaryBaHHs.
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POST-RADIATION NEUROCOGNITIVE DEFICIT IN PERSONS AFFECTED
BY THE CHORNOBYL ACCIDENT

Introduction. The aim of the study was to verify and objectify the impairment of
cognitive functioning in chronic cerebrovascular pathology in the remote period after
exposure to low doses of ionizing radiation as a result of the Chornobyl accident. Impairment
of the cognitive sphere in chronic cerebrovascular pathology in the Chornobyl clean-up
workers in the remote post-accident period is characterized by a combination of scattered
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microfocal neurological symptoms; emotional and behavioral disorders with purely
cognitive disorders (decreased memory and concentration; elements of acoustic-mnestic
aphasia; impaired thinking, understanding, planning, goal-setting and judgment) in the
structure of chronic cerebral ischemia, cerebral atherosclerosis, hypertensive
encephalopathy and organic mental and behavioral disorders.

Methods. The revealed neuropsychological pattern of cognitive impairment in
cerebrovascular pathology after radiation corresponds to mild / moderate cognitive impairment.

Results. In those exposed to doses above 0.3 Sv, a characteristic dose-dependent
psychometric pattern was detected in the Chornobyl clean-up workers, which consists in a
significant decrease in the indicators of actual general, verbal and non-verbal IQ determined
by the Wechsler Adult Intelligence Scale (WAIS) with a simultaneous increase in the deficit of
these indicators compared to premorbid (pre-accident) levels. Deficits in total IQ due to a
decrease in verbal IQ can be considered as a neuropsychological marker of post-radiation
cognitive impairment, reflecting lesions in the left (dominant) hemisphere of the brain.

Conclusions. Further psychiatric clinical and epidemiological studies with
dosimetric support, assessment of somatoneurological health, possible cognitive and
psychotic symptoms of contingents affected by the Chornobyl disaster are needed.

Keywords: neurocognitive deficit, ionizing radiation, Chornobyl disaster, Chornobyl
clean-up workers, premorbid intelligence, intelligence quotient.
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CAMOPYHHIBHA ITOBEJIIHKA
IMPU JENTPECUBHUX PO3JIAJAX Y ITIIAJIITKOBOMY BIII

BcTtyn. Ha cbo0200HI cnocmepizcaemscsi meHdeHYyiss 3pocmaHHs pieHs1 camozy6ems,
caMoyuwiKodiceHs npu denpecusHux po3aadax ([P) y nidaimkosomy ma 1oHaybKomy 8iyi.
Komop6ioHe noednanHa camopyiinieHoi nosedinku (Cplle) ma /P y nidaimkosomy eiyi €
00Hi€l0 3 Halleascausiwux ma 2/106a16HUX NPO6/1eM cy4acHoi KaiHiuHOT ncuxiampii.

MeToau. Ceped ocHogHUX npuquH /]P - XxpoHiuHUli coyiatbHUll cmpec, nog8 'a3aHuli i3
8iliHOIO, nNpo6seMu Hacuabcmea 8 cim'i ma wkoai, HU3bKa Hepe080-NCUxXo/a02iYHa
cmiiikicms dimeii ma mMo.100i mowo.

Pe3yabTaTu. 3a peayismamamu npogedeHo20 d0c1idriceHHA 6Y/10 doeedeHo, Wo 8
wHayskomy eiyi JP maiome 100 % komop6idnicme i3 Cplle. Cmameegi oco6.1ueocmi
cnoayku /IP ma Cplle y oHakie ma diguam eusieuau docmosipHi po36ijcHocmi wjodo
diacHocmoeaHoi cuHOpOMa/IbHOI KapmuHu, pieHs msickocmi denpecii ma e/aacHe
MaHighecmHux nposeie Cplle. Taki cuHOpomu, sk icmepu4Ho-denpecusHuii, denpecusHo-
inoxoHdpuuHuii, denpecusHo-ducgopuuHuii cuHdpomu 3ycmpiuaaucsa auwey diguam.

BUCHOBKHU. 3Ha4He nepesax@caHHs1 denpecusHO-06CeCUBHO20 MA IMPUBOHCHO-
denpecugHo20 cuHopomie y I0HaKie € saxcausum gakmopom pozeumky Cplls.

Knw4yoBi csnoBa: diacHocmuka ncuxiyHux possaadie, denpecueHi po3.iadu,
camopytiHieHa nogediHKa, nidaimkoasull 8iK.

Beryn

HeoOxigHicTh peTensHOr0 MOCHIIKEHHS TPOSIBIB CaMOpPYWHIBHOI TTOBEMIHKA
(CplIB) y noenanHi nenpecuBauMH posianamu ([P) y mimmiTkoBoMy Billi € BKpait
aKTyaJbHOIO JUIA CY9acHOI YKpaiHCBKOI IcuxiaTpii, HacaMrepesn, TOMY, 110 MOJIOb
€ HaWBaXJIMBINIO CKJIQJOBOK HAINIOIO CYCIIIBHOTO Kamitamy. Tomi sk
MIOIIUPEHICTh Jlenpecii 3pocTae y BIKOBUX Tpymax MiATITKIB Ta Momomi, a ii
o0TspkeHicTh TiposiBamu CplIB Mae 3HayHI HEraTHBHI HACHIAKU Ui TICHXI9HOTO
3[IOpPOB'S Ta COLIATHHOI aAamnTaIlii B JOPOCIOMY BIITi.

3a cy4yacHMMH JOCIHiDKEHHSMH, moeqHanHs J[P 3 iHmmM#M komMopOimHuMU
(MTOBENIHKOBMMH) TOPYIICHHSMH MAalOTh HAWBHIIMH PH3UK HECHPUSTINBUX
HacJiakiB y Bini 10 24 pokiB (Morales-Mufioz et al., 2023, pp. 218-219). CplIs, a
caMe cyinuIanpHa TOBENIHKA, € OCHOBHOK KOMOPOiHOI a00 CYKYITHOK YH
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BTOPWHHOIO MOBEIHKOBOIO MATOJIOTIE0, 110 XapaKTepHa JJIs MiJUTITKOBOTO BiKy B
ycboMmy cBiTi (Cantor et al., 2023, pp. 10-12). 3okpema, camory0cTBO € OfHi€IO 3
MPOBIIHUX IPUYMH CMEPTI cepel] MiATITKIB, a HASBHICTh Y HUX CYIIUIAIbHUX TyMOK
1 CaMOYIIKOJKCHb ITOTCHIIIOE IIBUIICHUNA PHU3UK TICHXIYHHUX pO3JIAJIB Ta
camoryOcTB y Maii0yrapomy (Basta et al., 2023).

VY HaykoBiii JiTepaTypi MOCTiIHHY yBary NpHUIUIIIOTH OCOOMUBOCTSIM Tepediry
JP, sixi moB's3aHi 3i cTaTTiO. BBaXka€eThes, 10 NEPEBAKAHHS JICNIPECii Y KIHOK €
3araJlbHUM i CyTTEBUM. 3a Cy4YaCHUMH JAHHMH, IO IPYHTYIOTHCSI Ha MOJIENI cTpec-
niate3y, BHIIMHA piBeHb Jerpecii y KIHOK BHU3HAYAEThCS TAKUMU YMHHHKAMH, SIK
MiZIBUIICHUI piBEeHb HEHPOTH3MY, PEAKTHBHOCTI Ha CTpec abo TilnepakTHBHOCTI
nimbiunoi cucremu (Parker, & Brotchie, 2010, pp. 429-431). [Ipore nommpeHicTh
Ta OCOONMBOCTI 4YONOBIHOi jenpecii TakoK pETENbHO BHBYAKOTHCS — Ta
00roBOpPIOOThHCS HaykoBIsIMH (Smith, Mouzon, & Elliott, 2018, pp. 78-89).

Came Tomy BHBYEHHS KiiHIYHUX TposiBiB Cplle npu [P y mimmitkoBoMy Ta
IOHAI[PKOMY BIIli 3 YpaxyBaHHSIM CTATEBUX OCOOIMBOCTEH € aKTya bHUM 3aBJIaHHIM
JUTS. HAYKOBIIIB.

MeTonu

Ha xadenpi mncuxiatpii, mcuxorepanii ta mequuHoi Tcuxonorii HartioHamsHOTO
VHIBepCHTETy OXOpoHH 310poB's Ykpaiau imeni I1. JI lllymuka (HYO3Y) y 2023-
2024 pp. OyJ10 MPOBEIEHO AOCTIKEHHS 72 aMOy/1aTOPHUX MAIliEHTIB BikoM 15—18 pokiB,
a came: 19 (26,4 %) ronakiB Ta 53 (73,6 %) miBuMHM, cepeAHii BIK SKIX CTAHOBWB
16,7£1,8 poxy (M=£SD). Kpurepii BKIIFOUCHHS y MOCTIPKEHHS, OKPIM BIKOBHX MEXK:
cumnromu JIP BiAmoBimHO 10 KputepiiB MbkHapomHoi kiacugikaiii XBopoO st
CTaTHCTHKA CMEPTHOCTI Ta 3axBoproBaHocTi 10-ro mepermimy (MKX-10), a Takox
BUCOKMH Oan (>15) 3a ommryBampHUKOM 370poB'a mamieHta (PHQ-9). Kpurepii
BHUKJTFOUCHHS 3 IOCITIKEHHS: HATBHICTh Y MUHYJIOMY 200 B TETIEPIITHHLOMY TICHXOTHIHIX
eImi30/iB; OpraHiYHi pO3NMamy TONOBHOTO MO3KYy 3 TIPOSBAMH IHTENEKTYaJbHO-
MHECTUYHOTO 3HIDKSHHST; BYKUBAHHS TICHXOAKTHUBHUX PEIOBUH IIPOTATOM OCTaHHIX 3 MiC.

I3 JiarHOCTHYHOIO METOI BHSIBICHHS ICHXOMATONOTIYHOT CHMITTOMATHKH,
¢ikcyBanHsa o3Hak CplIB Ta iXHiIX 0cOOMMBOCTEN MIOMO CTaTi B JOCTIKEHHI Oyio
BHKOPHCTAHO HAIMIBCTPYKTYPOBaHE KIIiHIYHE IHTEPB'I0 Ta OIIHEHO piBEHB Jenpecii
narfieHTiB 3a qonomoror PHQ-9. [lociimkeHHs MPOBOIIIIN 3 AOTPUMAHHIM €THKH,
3aXHUCTY MpaB Ta KOH(QIAESHIIHHOCTI Y9aCHUKIB BiJIIOBITHO 10 pEKOMEHIaIlii Komicii
3 6ioetukn HYO3Y.

CTaTUCTHYHUN aHANi3 OTPUMAHHX JaHUX MPOBOJMIIH 3a OMOMOTOK MPOrpaMu
IBM SPSS Statistics. 3HaueHHS MK OBOMa rpymaMd (PO3IMOIT 32 CTaTTIO)
TTOPIBHIOBAJH 32 JIOTIOMOT0I0 Xi-KBaIpaT-TECTY.

PesyabTaTn

Y 50 mamientiB (69,44 %) Bikom g0 15-17 pokiB Oyiao iarHOCTOBAHO
nenpecuBHui poznaxa moseninku (AIIP, F92.0). Cepen 22 namientis (30,56 %) Bikom
18 pokiB Oyno miarHocroBaHo: 14 muctumito (F34.1) y 14 Bumaakax (63,6 %), a
Benukuii nenpecuBHuid emizon (F32.1-2) — y 8 Bumamkax (36,4 %). 3Hauymmx
CTaTEeBUX BiJIMIHHOCTEH y HO30JIOTTYHOMY PO3TIOALIi BUSBIEHO HE OYII0.
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BaxxnuBi nani Oynu oTpuMaHi i yac aHasi3zy po3noAiny 00CTeKEeHUX Malli€HTiB
3a IPOBITHUM KJIIHIYHMM CHHIPOMOM BiINOBigHO 10 cTaTi (Tadm. 1).

Tabnuuys 1

Po3nonis o0cTekeHNX XBOPHX 32 MPOBIAHUM KJIiHIYHMM CHHApOMoM, adc¢. (%)
Koimiani cunapomu Bceboro, Onaku, JdiBuara, x2-test,

n=72 n=19 n=53 p

Icrepo-penpecuBHuiA 20 (27,8) - 20 (37,7) -
JenpecuBHuii 14 (19,4) | 5(26,3) 9 (17) 0,3777
JlenpecuBHO-00CceCHBHUI 13(18,1) | 9(47,4) 4 (7,5) 0,0001
;Ie“peCH.BHO.'E‘e“‘Epec"H"‘mauiﬁH“ﬁ 11(153) | 2(105) | 9(17.0) | 055022

Jiepeaizani iHui

TpUBOXHO-I€PECUBHHIA 6 (8,3) 3(21,1) 3(5,7) 0,052

JlenpecuBHO-1NOXOHIPUYHHN 4 (5,6) - 4 (7,5) -

JenpecuBHO-1uCc)OpUIHUIA 4 (5,6) - 4 (7,5) -

IcrepuuHo-nenpecuBHmid (3ycTpiyaBcs HaiyacTilie — MakKe y TPETHHH BCIX

BUTIAJIKIB B 000X Tpynax), JEMpecHBHO-IMOXOHIPHYHUH, JEPEeCUBHO-IUCPOPHIHUI
CHHIpPOMH OyJl0 BHSIBJCHO TUIbKM Yy JiBdaT. Tomi SK cepel IOHAKIB JOCTOBIPHO
TepeBakaji BHIIAAKU JenpecuBHO-o0cecuBHOro cuuApomy (p = 0,000). Baxkum
BapiantoM /[P € xoMopOigHe OOTSKEHHs JCHPECHBHOIO CHHIPOMY 13 CHHIPOMOM
JieTiepecoHaizamii-aepeanizarmii, sSIKe 9acTo € YCKIAJHEHHSIM caMe iCTepO-AeIPECHBHOT
CHHIIPOMY 32 MEXaHI3MOM JHCOITialii. Y HaIIOMy JOCTIKEHH]I CYKYITHICTh BUTIAIKIB 3
ICTEepO-IIeIPECHBHIM Ta JIETIPECUBHO-ETIEPECOHATI3AIIHHO-TIepeaTi3alifHuM
cHHApOMaMu BUsiBIeHO y 29 miuar (54,7 % y wmiit Tpymi), a y XJIOMIIB — JHIIe B 2
Bunazkax (10,5 %) 3 nenpecuBHO-AENEpECOHATIZALIIHO-AepeaTizalifHIM CHHIIPOMOM
SIK 00TsDKeHHS Baxkkoi aenpecii (p = 0,001).

3a pe3ynpraTaMi BU3HaUYeHHS piBHA aenpecii 3a mkanoo PHQ-9 y cepenapomy
Oymo 3adikcoBano 20,13 + 3,49 ta 14,94 + 4,90 6aniB (Me+£SD) y niBuat Ta 10HaKiB,
BimnmoBimHO. JlOCHi[UKeHHS  3acBiqUWiIO0  HASBHICTb  3HAYYIIUX  CTaTEBUX
BiIMIHHOCTEH y pIiBHI TSDKKOCTI JHempecii (Talm. 2) 3 AOCTOBIpHOI TepeBaroro
TSDKKOTO PIBHS IENpecii cepen TiBJarT.

Taonuuys 2
Poznonin odcTeskeHnx XBopux 3a piBHeM Aenpecii 3a PHQ-9, adc. (%)
PiBens nemnpecii 3a PHQ-9 Bceboro, IOnaku, JiBuara, y2-test,
(6asn) n=72 n=19 n=53 p
Tspxka aenpecist (>20-27) 45 (62,5) 5 (26,3) 40 (75,5) | 0,0001*
CepenHiif CTYTIEHb TSHKKOCTI -
(>15-19) 27 (37,5) 14 (73,7) 13 (24,5) | 0,0001

HagBuicte pizaux mposisis Cplls Oyno BUSBIEHO B YCiX MalLli€HTIB MiJ dac
niarHocTyBaHHA Ti uM iHII nposisu CplIB (Tadi. 3).
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Taonuuysa 3
Posnonis o0cTexxeHNX XBOPHX 32 AiarHocTtoBaHuMu nposisamu Cplls, adc. (%)
- .

BapianTu Cplls B:]:;FZO’ I?::;_ISH’ I[l::g; 3, X ;eSt’
Hecyiumnansui camonopisy, 46 (63,9) | 7(36,8) 39 (73,6) | 0,0042
eKCKopiallii
CyiumnanpHi JyMKH 37 (51,4) 9 (47,4) 28 (52,8) 0,6827
CyinmnansHa cripoda 13 (18,1) - 13 (24,5) -
Crifiki CYIIUIaIbHI TCHICHITI 10 (13,9) 4(21,1) 6 (11,3) 0,2926
Cyitmaanehi hanTasii 9(12,5) 4(21,1) 5(9,4) 0,1888
HeonHopa3oBi cilunanbHi cipoou 8 (11,1) 2 (10,5) 6 (11,3) 0,9246

3azBuuait JIP cympoBomkyBanmcs 3oBHimHIMEH ¢dopmamu CpllB, a came:
HeCyilMIaIbHUMHU CaMOIIOpi3aMy UM €KCKOpIaIlisiMH, SIKi JIOCTOBIPHO Make BIBIYi
nepeBakanu y gipdar (p =0,0042). B ycix Bunagkax KarTiHTy a0o eKcKopialii
MAI[IEHTH 3a3HaYajid OJIHOYACHY HASBHICTh MEPIOJUYHUX CYIIHUIATBHUX JYMOK UM
CTIMKHMX CYIUAAIbHUX TeHIEHIIH Ha BicTpi JP.

Vei inmi nposisu CpllB He Mayu CTaTUCTHYHOT PI3HUIII B TPyIax 3a CTaTTio. AJe
cepejl FOHAKIB MepeBakalld CTIHKI CyiluAanbHI TeHIEHIT Ta CyliuaaibHi GpanTasii,
a cepen iBYaT — CyilMAalbHI JYMKH Ta HEOJHOPA30Bi cyiluaanbHi cripoou. Takok
BHITAJIK{ 3 OJHOPA30BOK0 Peasli3allito CYIlHUaaabHOI CIpoOH Oy/I0 BHSBICHO TUIbLKU
cepen aiBUar.

BaxiauBum Oyiio Te, 10 B OUIBIIOCTI BUIAJKaX B 000X rpymax npossu Cplls
Mald 3yCTpIYaJINCS y PI3HUX TMOEMHAHHSAX, IO CBIMYWIO TIPO HASBHICTH
MTaTOAMHAMIKY B 11 pO3BUTKY. Lle BaXKTMBO BpaxoBYBaTH IIPH PO3POOITi KOMILUIEKCHUX
TepareBTUYHUX IIPOrpaM.

Juckycis i BHCHOBKH

BinmoBimHO 10 pe3ynbTaTiB MPOBEAEHOTO JOCITIKEHHS MOXKHA CTBEPKYBaTH,
mo B roHanpkomy Bimi AP mators 100-BimcorkoBy xomop6GimHicTs i3 Cplls. [ani
IIO/I0 AiarHOCTOBAHMX MPOBITHUX KIIHIYHUX CHHAPOMIB Y TPyIax 3aCBIIUMIH, IO
ICTepUYHO-IENPECUBHHUH, JeTIPECUBHO-IOXOHAPUYHUIA, JeTPECUBHO-
TCchOPUYHUN BUSIBIIIM TUTBKK Y JIiBYAT 3 AOMIHYBaHHSM Cepel] HUX ICTEPHUIHO-
JenpecuBHOl cuMnToMaTukd. CyKymHICTh BHUIMAAKIB iCTEPO-IENPECHBHOTO Ta
JIETTPeCUBHO-JIETIepCOHATI3AIlIITHO-Iepeati3allifHOr0  CHHAPOMIB  SIK  Ba)KKOTO
BapianTa JIP icroTHO wacTime 3yctpidanacs cepen aiBdat. Tomi sIK 11 FOHAKIB OLTBIIT
XapakTepHuM Oyno (OpMyBaHHS JEMPECHBHO-OOCECHBHOIO Ta TPUBOXKHO-
JETPECUBHOTO CHH/IPOMIB.

Bymo BusBIIeHO 3HaYHI cTaTeBi BIIMIHHOCTI B PiBHI TSKKOCTI IeTIpecii Ta MposiBiB
Cplls. Haituactime /IP moexnyBanucs 3 HecyiIMJAJIbHUMH CaMOIOpi3aMH YU
eKCKOpiaIisiMH, SKi JOCTOBIPHO MEepEeBaXKan y JIiBYaT.

AHami3 BHBYEHHX KIIHIYHHX BUMAAKIB 3aCBIIYMB KPUTHYHY 3HAYYIIiCTh
cimeiiHo1 icTopii y popMmyBanHI BakkuxX BapiaHTiB /[P B roHampkoMy Bimi, a came,
HasBHICTh JIEBIaHTHUX JUTAY0-0aTHhKIBCHKUX BIIHOCHH, YUCIEHHUX TICHXOTPAaBM Ha
11 OyJIiHTY B POAWHI Ta MIKOMI.
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OTpumaHi JaHI € BaXJIMBUM pPE3YIBTATOM JO TMOJAJbIION0 BHBYCHHS Ta
(dbopMyBaHHS BiMOBITHMX (POKYCIB AJISI KOMIJIEKCHOTO NICHXO(apMaKoIOriuHOrO
Ta TICHXOTepareBTUYHOro BTpyyaHHs npu /P B roHanipKkoMy BiLli.

BHecok aBTopiB: [asmnaa [lwnsriHa — KOHIENTYyali3allis, METOIOJOTIs, PEICH3yBaHHS Ta
penaryBanHs. bornan [IyXxoBChkHiA — MPOBENEHHS JAOCIIKCHHS, Kypallis JaHUX, CTaTUCTUYHUN
aHalli3, HallMCaHHs.
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SELF-DESTRUCTIVE BEHAVIOR
IN DEPRESSIVE DISORDERS IN ADOLESCENCE

Introduction. Today, there is a tendency to increase the suicide and self-harm rate
in depressive disorders (DD) in adolescence and young adulthood. The comorbid
combination of self-destructive behaviour (SDB) and DD in adolescence is one of the most
important and global problems of modern clinical psychiatry.

Methods. The main reasons include chronic social stress associated with war,
problems of violence in the family and school, low neuropsychological stability of children
and youth, etc.

Results. According to the results of the study, it has been proven that inyouth DD have
100 % comorbidity with SDB. Sex-specific features of the DD and SDB in boys and girls
revealed significant differences in the diagnosed syndromic picture, the severity of
depression, and the actual manifestations of SDB. Such syndromes as hysterical-depressive,
depressive-hypochondriac, depressive-dysphoric syndrome were found only in girls. The
presented results demonstrated severe DD in youth, taking into account gender
characteristics.

Conclusions. The significant predominance of depressive-obsessive and anxiety-
depressive syndromes in young men is an important factor in the development of SDB.

Keywords: diagnostics of mental disorders, depressive disorders, self-destructive
behaviour, adolescence.

Agropu I ITuiisrina Ta b. TTyxoBcbkuid 3asBISIOTE PO BiZICY THICTB KOH(IIIKTY iHTepeciB. CoHcopy He Opaiu yyacri
B PO3pOOJIEHHI JOCITI/DKEHHS; y 300pi, aHaJi31 4n iHTeprpeTaLii JaHNX; y HallMCaHHI PYKOIKCY; B PILLICHHI PO ImyOriKarito
pe3yJbTaTiB.
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