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1. IBopcekuii I1.B. Ab initio MmeToq nacnopTu3atlii HaMmiBIIPOBITHUKOBUX MaTepiasliB [J1s1 JO3UMETPUIHUX
nocuigkeHs. — KBaniikauiitHa HayKoBa Ipalsl Ha IpaBax pykonucy. Jucepralist Ha 300yTTsSI HAYKOBOTO CTYIIEHSI
nokropa (inocodii 3a crenianpHicTio 104 «Pi3uka Ta acTpoHOMisI» — [HCTUTYT enekTpoHHOI ¢izuxku HAH Ykpainu,
Yxropon, 2025. lucepTaliito IpUCBSI4Y€HO PO3po01i TEOPETUYHOro iHCTPYMEHTAPIl0 Ta METO0J10rii ab initio
NacropTu3alil HaMiBIPOBiGHUKOBUX MAaTEPiaJliB IJIs1 JO3UMETPUYHUX NOCIIIKEHD, 10 ITIOENHYE Cy4aCHI METOOM
Teopii JO3MMETPUYHUX, JIOMIHECLIEHTHUX SBUII y HaIliBIPOBiIHUKAX, YUCEIBHOTO MOJIEJIIOBAHHS Ta [IPOTPaMHY
peastisalilo po3paxyHKOBOro rnakery Lumini. [lepmunii po3zin NpucBI4Y€HUN aHali3y TeOPii Ta MPaKTUYHUM
31,00yTKaM Cy4acHOi JO3MMETPii, 110 BUKOPUCTOBYE SIBUIIA TEPMOJIIOMiHECLIEHIIii B OIPOMiHEHUX IMPOKO30HHUX
HaliBNPOBiOHUKAX. PO31is MICTUTL OCHOBM B3a€MOZii i0HI3yI040ro BUNPOMIHIOBAHHS i3 HAIIBIIPOBITHUKAMU IIPU

SIKil BinOyBa€eThCsl aKyMyJIsILIisi IPOMEHEBOI eHeprii y pe4oBUHi, KpUTepii BUOOPY AO3UMETPUYHOTO iHIMKaTopa [Jisl



¢dixcauii nornuHyTOi N03U. [leTasbHO PO3IANAIOTHCS CXEMU €HEPTETUYHYUX PiBHIB, BiANIOBiNaIbHUX 32
€JIEKTPOH-IipKOBY aHIriJsLilo Ta TepMoJIIoMiHeceHIiio, nomupeHy mogaenab OTOR (One Trap One Recombination),
iCHYI0Yi TEOPETUYHI METOM iX TOCIiIKEHHS. PO3IIS1al0ThCs BUMOTH [0 HAIIiBIIPOBIAHMKOBUX MaTepiailiB y SKOCTi
IIO3UMETPIB, 30KpeMa TaKi K XiMiUHMI CKJajl, IMPHUHA 3200POHEHOI 30HU Ta €(PEeKTUBHUM aTOMHUI HOMEDP
PEe4OBUHMU. [leTaIbHO aHAJI3YI0ThCS PI3HOTO POy HAOVDKEHHS, 10 BUKOPUCTOBYE CydacHa Teopist 103UMeTpi,
aHaJII3yI0ThCS IX YMOBHU Ta JOMYCTUMICTD. [I0Ka3aHO, 0 TPaIULiTHNI METOAVKY ONKMCAHHS
TEPMOJIIOMiHECLIEHTHUX €(EKTiB IIPaKTUYHOI J03UMeTPii 00MeXXye MOXKIIMBICTD iX 3aCTOCYBaHHS [AJ1s1 TacOpTU3allii
Marepia’is, M0 NO0Tpebdye BUKOPUCTAaHH ab initio meToxis. JIpyruil po3ain MiCTUTb OCHOBU CKEMJIIHT~METOAY,
3alPOIIOHOBAHOTO Brepiie fijist ab initio po3B'a3KkiB crucTeM AUbEPEHIIINHNAX PIBHSAHB, IO OMUCYIOTh
TEPMOJIIOMIHECLIEHTHI XapaKTePUCTHUKHU OIIPOMIHEHMX HAIliBIIPOBIIHUKIB. B po31isi po3ryigHyTa pakTUuKa
3aCTOCYBaHHS CKEWJIIHI-II€PEeTBOPEHb, sIKi NpuBoAATh napamerpu OTOR-moneni fo 6€3p0o3MipHOTo BUIIISLY,
ONTMMAJIbHOTO J1J151 3aCTOCYBaHHS YMCEJIbHUX METOIIB 1K anroputMm Pynre-Kytra. Po3zin MicTUTh pe3yabTaTi
BUKOPHMCTaHHS MeTOIUKN MoHTe KapJio, 3arrponOHOBaHOI BIleplIe IJ1s1 BpaxyBaHHS CTOXaCTUYHY IPUPOLAY
MIKpOIIPOLIECIB IPYU KIHETUYHHUX [I€PEXO/IaX «30Ha-PiBEHb N1aCTOK/peKoMOiHallii», 1110 03BOJINIIO MOJEJII0BAaTU
peabHi yMOBU JO3UMETPUYHUX ITpolieciB. [IokazaHo, 110 3aCTOCYBaHHS IPOLEIyPU CKEMIIIHTY BUpilLTye Ps,
KPUTUYHO BAKJIMBUX 3a71ay4: epedopmaTtyBaHHs piBHIHb OTOR-Mopesni 1o 6e3p0o3MipHOro BUAY; CIIPOILEHHS
npouenypu QiTyBaHHS TEOPETUYHUX Ta eKCIIEPUMEHTAIbHUX JAHUX [ NaclOpPTU3allii JO3MMeTPpUYHUX
MaTepiajiB; KOMITIOTEPHOr0 MOJIEIIOBAHHS /1151 3MEHIIEHHS 3aJI€5KHOCTI Bifj 00UMCIIIOBaIbBHUX METOMIUK Ta
3a6e31e4YeHHs YHiBepCaJIbHOCTI KOy IIPU POOOTI i3 eKCIIepUMEeHTaIbHUMU JaHUMU. JI71s inmocTpalii HaBeeHo
pe3ybTaTy ab initio MoziesIIoBaHHS TEPMOJIIOMIHECLIEHTHUX SIBULL Ta OGTOBOPEHHS AOIIYCTUMOCT] HabIKeHb. Y
TPETbOMY PO3LiJIi IPEACTABIEHO PE3YJbTAT iMITIEMEHTALl CKeMIHTr-TIpouenypu mogeii OTOR y po3apaxyHKOBUI
nakeT Lumini, CTBOpeHuU# Bieplie 1151 BUPilIeHHs KOMILIEKCY 331a4 ab initio MogestoBaHHs POLECiB
TEPMOJIIOMiHECLIEHIIii OIIPOMiHEHUX HaIliBIPOBITHUKIB, ONTUMIi3allii JO3UMETPUYHUX iHOUKATOPIB Ta MacCNopTU3allii
IO3MMETPUYHUX MaTepiaiiB. OOroBOPIOEThCS apXiTeKTypa Ta PyHKIIOHaIbHi MOKJIMBOCTI I1akeTy Lumini,
IIPUBELIEHO TPUKJIAJU 3aCTOCYBaHHS Bif ab initio mopenoBaHHS 1O POOOTH i3 EKCIIEPUMEHTAILHUMU TaHUMHU.
BkazaHo, 0 po3po6JieHnii naket Lumini € He06XiHO YMOBOIO 1151 IACNOPTU3allii J03MMETPUYHUX MaTepialiB Ta
CJIYXKUTb [TIOBHOL{HHOIO 171IaT(OPMOIO /1J1s iHTerpallii eKkCliepuMeHTy Ta Teopii B Cy4aCHUX JO3UMETPUYHUX
IOCJIiI)KEHHSIX, BAKOPUCTAaHHS MOKJIMBOCTE!N LITYYHOTO iHTEJIEKTY. 3aK/II0UYHNN YETBEPTUI PO3[ia po6oTH
CTOCYETBHCS OCHOB NACMOPTHU3allil JO3MMETPUYHUX MaTepiaiB, sKi 34aTHI 3a0€3MeYNTH TOUYHE OLIiHIOBAaHHS
II030BOTO HABAaHT)KEHHS B LIMPOKOMY [liaria3oHi yMOB orpoMiHeHHs. lle noTpedye cTBOpeHHs 6a3u JaHuX
€HepreTMYHMUX Ta KIHETUYHUX NTapaMeTpiB JO3UMETPIB i3 IOCTaTHBOIO JJOCTOBIPHICTIO i MOXe 6YTH 3a0e311e4eHO
BMKOPHUCTaHHsM ab initio meTonnk. O6roBOpIOETHCS IPOOIEMA IIOLYKY Ta BUKOPUCTaHHS €(PEKTUBHUX
ONTUMIi3aLifHNX KpUTepiiB, anroputmis I, ski 3maTHI BcTaHOBIIOBaTH HAbip IapameTpiB, 0 HalKpale
y3rOJKy€EThCS 3 eKCIIEpPUMEHTATIbHUMU JaHUMU. B po3zini 06roBopoeTbcst yMoBu BuKopucTanHs I giis
OTITHMi3allii JO3UMETPUYHUX TOCIIIPKEHD K METOiB MaIMHHOTO HaBYaHHS, ineHTudikanii ¢popM CBiTiHHS Ta
IIOIIYK 3aKOHOMipHOCTeE 6araTornapaMeTpUYHUX MACUBIB IaHUX [TPY MACIIOPTU3aLii JO3MMETPUIHNX MaTepiaiB.
[TokaszaHo, 0 3aCTOCYBaHHS HEHPOHHUX MEPEsK, MOJesiell IIIMOMHHOTO HaBYaHHS, IePEB pillleHb i aHcaMbyIeBUX
METO/IB [103BOJISIE€ HE JIALIE MiABUIIUTH TOYHICTb Ta IBUAKICTb IIPOLECY MIACIIOPTH3allii, ajle I aBTOMaTU3yBaTU
3HAYHY YaCTUHY PYTMHHUX 064MCyIeHb. PO31in MiCTATB NepIli JaHi NacopTU3allii OMPOMiHEHUX JO3UMETPUYHUAX
martepianis LiF, A1203 ta Li2B4O7.

2. Petro Yavorskyi Ab initio Method for the Certification of Semiconductor Materials for Dosimetric Research. - A
Qualification Scientific Work in Manuscript Form. Dissertation Submitted for the Degree of Doctor of Philosophy
in Speciality 104 “Physics and Astronomy” - Institute of Electron Physics of the National Academy of Sciences of
Ukraine, Uzhhorod, 2025. The dissertation is devoted to the development of a theoretical framework and
methodology of the ab initio certification of semiconductor materials for dosimetric studies, integrating
contemporary methods from the theory of dosimetric and luminescent phenomena in semiconductors, numerical
modelling, and the software implementation of the Lumini computational package. The first chapter analyzes
theoretical foundations and practical achievements of contemporary dosimetry based on thermoluminescence in



irradiated wide-band gap semiconductors. It outlines the interaction of ionizing radiation with semiconductors,
mechanisms of energy storage in solids, and criteria for selecting dosimetric indicators. Particular attention is
given to energy-level schemes responsible for electron-hole recombination and thermoluminescence, the OTOR
(One Trap-One Recombination) model, and existing theoretical methods. Requirements for semiconductors as
dosimetric materials are discussed, including chemical composition, band gap, and effective atomic number. It is
shown that traditional approaches to thermoluminescent analysis are insufficient for reliable material certification,
thus requiring ab initio techniques. The second chapter introduces the scaling method, proposed for the first time
for ab initio solutions of differential equations describing thermoluminescent characteristics of irradiated
semiconductors. Scaling transformations reduce OTOR model parameters to a dimensionless form, enabling
effective use of numerical algorithms such as Runge-Kutta. The chapter also presents a novel application of the
Monte Carlo method to account for the stochastic nature of microprocesses in transitions between the
conduction band and trapping /recombination levels. This approach allowed realistic modeling of dosimetric
processes. The scaling procedure proved essential for reformatting OTOR equations into a dimensionless
representation, simplifying the fitting of theoretical and experimental data, and reducing dependence on
computational techniques while ensuring universality of the simulation code. The third chapter presents the
implementation of scaling procedures into the Lumini computational package, developed for comprehensive ab
initio modeling of thermoluminescence in irradiated semiconductors, optimization of dosimetric indicators, and
material certification. The architecture and functional capabilities of Lumini are described, with examples ranging
from purely theoretical simulations to processing of experimental data. The package is shown to be a necessary
platform for integrating experiment and theory in modern dosimetric studies and for employing artificial
intelligence methods in data analysis. The fourth chapter addresses the principles of certification of dosimetric
materials to ensure accurate dose evaluation under diverse irradiation conditions. The creation of reliable
databases of energy and kinetic parameters of dosimeters is emphasized, achievable through ab initio approaches.
Attention is given to optimization criteria and Al algorithms capable of identifying parameter sets in best
agreement with experimental data. Applications of machine learning, luminescence curve recognition, and
multiparametric data analysis are considered. The use of neural networks, deep learning models, decision trees,
and ensemble methods is shown to enhance both accuracy and efficiency of certification, while automating
routine calculations. The dissertation presents the first certification results for irradiated dosimetric materials LiF,
AlnOg, and LioBoOn, demonstrating the effectiveness of the developed ab initio methodology. The research establishes a
theoretical and computational framework that integrates physical modeling, numerical methods, and artificial
intelligence, providing a reliable basis for the development of standardized dosimetric systems.
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