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1. MexaHi3m ¢GopMyBaHHS iMITyJIbCY 3aTPUMaHOI pajioyloMiHeCLeH1lii B OPraHiYHUX reTepOCTPYKTYPOBAHUX
CLMHTUJIITOPAX Ta iX 3[IaTHICTh 10 PO3AiJbHOI peecTpallii i0Hi3yI0unx BUNIPOMIHIOBaHb 32 (POPMOIO
CLIMHTUJISILIITHOTO iIMITYJIbCY

2. The mechanism of delayed radioluminescence pulse formation in organic heterostructured scintillators and
their ability to separately register ionizing radiation based on the scintillation pulse shape

Pedepar:

1. Incepranis NpucBsY€Ha BCTAHOBJIEHHIO BILJIMBY MirpaliiflHUX 0COOJIMBOCTEN TPUILJIETHUX €KCUTOHIB B
OPraHiYHUX reTepOCTPYKTYPOBAHUX CLIMHTUIIATOPAX, & CAME TMOJIIKPUCTaIaX Ta KOMIO3ULIMHUX CLIMHTUISTOPAaX Ha
OCHOBI cTUBbOEHY, I-TepdeHiny (SK aKTUBOBAaHOTO, TaK i HEAKTUBOBAHOTO) Ta AaHTPAaLleHY, Ha iX 30aTHICTb 1O
pospineHHs 3a popMolo CUUHTUIALIMHOrO iMnysibey (pulse shape discrimination, PSD) curHasnis Bif ioHi3yrounx
BUINPOMIiHIOBaHb i3 pi3HUMU NUTOMUMU eHepreTuyHuMu BTpatamu dE /dx. B poboTi Bepiie npoBeneHo
obuncieHHs KoeQilieHTiB Audy3ii TPUIITIETHUX CTaHIB y NOiOHMX reTEPOCTPYKTYPOBAHUX CLIMHTUIISITOPAX, a

TaKOX [10Ka3aHo, 1[0 IPOCTOPOBi PO3MIPHOCTI AJ1s1 1MX KoeillieHTiB LOPiBHIOIOTH 3, 1110 BKa3ye Ha i30TPOIIHUM



XapaKkTep PO3MNOBCIOIKEHHS IJUX CTaHiB. Tako>X 3alIpONIOHOBAHO [Ba CIPOIIEHUX METOAU /1J1s1 LIBUJIKOTO YK CJIOBOTO
BM3HAYEHHS 3[aTHOCTI OPraHiuHOro CLIMHTUJIATOPA, SIK MOHOKPUCTAJIIYHOTO TaK i F€TepOCTPYKTYPOBAHOTO, IO
PO3JiseHHs iOHI3yI0UMX BUIIPOMiHIOBaHb 32 POPMOIO IMITYJIbCY, 2 CaMe 32 BUBHAYEHHSIM TOUYKM IIEPeruHy Ta 3a
anpoKCUMAILi€l0 BUIKOTO KOMIIOHEHTA. T€OpeTUYHO Ta EKCIIEpUMEHTAIBHO IOBEIEHO, 110 Mirpallisi TPUIJIETHUX
€KCUTOHIB MOXXe 6yTH 0OMekKeHa TeOMETPUYHNMU PO3MipaMy rPaHyJ/Iv FeTePOCTPYKTYPOBAHOTO CLUMHTUIISITOPA Ta
[I0Ka3aHo, 110 TaKe OOME>XKEeHHS IIPU3BOJUTH [I0 IOCUJIeHHS eeKTy peKoMOiHallii TpUIJIeTHUX eKCUTOHIB 3a
PaxyHOK ixX BiIOMTTS BiJi MeX IrpaHyJ [1IpY AOCTATHIi iX 104aTKOBiH KiJIbKOCTI B rpaHyJli. B po3zini 1 npusenexi
OCHOBHi (Pi3W4Hi IPMHLXIIN Ta MEXaHI3MHU, SIKi ONMCYIOTh MOSIBY Ta PEKOMOIHAII0 30yI)KEHNUX CTaHIB B OPraHiYHUX
cuuHTUNITOpaX. [TokazaHi ¢paxkTopy, 10 BIJIMBAIOTE HA POPMY iMITyJIbCY pasliooOMiHeCleHllii, HaBeeHi OCHOBHI
CLUMHTWJIALIVHI TapaMeTpU JOCIIiIKYBAHMX PEYOBYH Ta TUIIIB CUUHTUIATOPIB. [IpoBeieHni liTepaTypHU OIJIs
OO0 3aTHOCTI 10 PO3[iJIEHHS i0HI3yI0UMX BUIIPOMIHIOBaHb 33 (POPMOIO CUMHTUJISILIAHOTO iMITyJIbCY
IOCJIiIKyBaHUX 3pa3KiB. OGIPYHTOBAHO HEOOXiNHICTb AOCHIIKeHHS Di3MIHNX MEXaHi3MiB [105BU Ta peKOMbiHallii
TPUIJIETHUX €KCUTOHIB y TeTE€POCTPYKTYPOBAaHUX CLIMHTUIISITOPAX Y 3B'I3KY i3 MOXJIUBICTIO Bapialiii po3amipis
rpaHyJl, Ha OCHOBI SIKUX BOHU BUTOTOBJIEH]. B po31isi 2 onucaHo Ta 06IPyHTOBAHO METOIU OTPUMAaHHS
IOCTIiIKyBaHUX 3pa3KiB OPraHiyHUX CUMHTUJISITOPIB, HaBeJeHi METOIUKY MTPOBEIEHHS €KCIIEPUMEHTAIbHUX
IOCJIiIKeHb i3 ypaxyBaHHSIM OCOGJIMBOCTEH, [TOB'SI3aHUX i3 BUKOHAHHSM 33/1a4 AUCEPTaliliHOi po6oTy, IpUBeeHi
MaTeMaTU4Hi 3acajli BUKOPUCTAHHS 3aIIPOIIOHOBAHUX aBTOPOM HOBUX METO/IB PO3PaxXyHKY 3[aTHOCTI 10
PO31iseHHS iOHI3YI0UMX BUIIPOMiHIOBaHb 32 (POPMOIO iMITyJIbCy. 111 BUBYEHHS BIACTUBOCTEN IOCIiIKYBaHUX
3pasKiB 6y BUKOPUCTaHi YCTAaHOBKY [J151 BUMIPIOBAaHHS CIIEKTPIB aMIUITy CUUHTUISLN, KIHETUKY iMITyJIbCIB
pagziontoMiHecLeH1il, BU3Ha4yeHHsI FOM CUMHTUIIATOPA, @ TAKOK BUMIPIOBAaHHS CIIEKTPIiB OITUYHOTO NPOITYCKAHHS i
JIIOMiHecCLeH1ii. Y SIKOCTi JOCHiI)KyBaHUX 3Pa3KiB 6yJI0 0OpaHO MOHOKPUCTAJIiuHi, MOJIKpUCTaliYHi Ta
KOMIIO3MLilHi 3pa3Ky Ha OCHOBi CTUJILOEHY, M-TEPPEHINY (IK aKTMBOBAHOTO, TaK i YACTOTr0) Ta AHTPALIEHY Pi3HOI
reoMmeTpii (LMTiHAPHUYIHOI 60 IPSIMOKYTHOI) B 3aJI€5KHOCTI BiJl, 0COGIMBOCTEN IPOBEIeHHs AOCiIKeHb. [[poBesieHo
Bapianjiio po3MipiB rpaHys cTu/IbOEHyY Ta N-TepdeHiny B 40 MKM 10 2,5 MM. BUrOTOBJIEHO OZIHOIIAPOBi
KOMITIO3ULilHi 3pa3Kky i3 pisHUMU PpakLisiMU rpaHyJl y AianasoHi Big 40 Mkm 10 1 MM. Y po3zini 3 HaBeieHi TUIIN Ta
PO3MipH 3pasKiB, sKi 6yJI0 BUKOPUCTAHO y PAMKax IUCEePTaLiiiHOi poOOTH, IIpYBEeH] eKcliepruMeHTabHi JaHi
IOCJTIiIKeHb, SIK OIITUYHUX TaK i i3 3aCTOCYBaHHSIM iOHi3yI04OTr0 BUIIPOMIHIOBAHHS, [JIs OHOLIAPOBUX Ta 00’'€MHUX
3paskiB. [IpoBeseHO ronepenHe 0OrOBOPEHHS 0COOIUBOCTEH, SIKi MO>KHA TOOAYUTU HA PUCYHKAX Ta OLiHUTHU
sKicHO. OGrOBOPEHO TEXHIYHi 0COOIMBOCTI pOOOTH YCTAHOBOK, 5IKi MOIJIM IIPU3BECTH 10 BUHMKHEHHS THX YU iHIINX
3MiH y eKCIleprMEeHTaIbHIX JaHUX i He TIOB'SI3aHUX i3 IPUPOAOIO0 BiATYKY NOCIIKYBAaHUX 3Pa3KiB. Y po3misni 4
IIPOBENIEHO aHaJli3 eKCIIEPUMEHTAJIbHUX JaHUX, OTPUMAHUX i3 3aCTOCYBAaHHSIM iOHi3yl04Or0 BUIIPOMIHIOBaHHS,
TaKUX K CIIEKTPU aMIUITYZ, CUMHTUIALIN, KiHETHKA IMITYJIbCIB pafioioMiHeCLeHLil Ta BU3Ha4YeHHsa FOM
IOCIiIKyBaHUX 3Pa3KiB. Briepiie roka3saHo HasgBHICTb i30TPOMTHOIO PO3IOBCIOIPKEHHS TPUIIIETHUX €KCUTOHIB Y
reTepoCTPYKTYPOBAaHUX 3pa3Kax, Ta [OBeLleHO IIJIIXOM 0b4ncieHHs KoedilieHTiB nudysii, 1o npouec pexomobiHalji
TPUIJIETHUX CTaHIB Y reTePOCTPYKTYPOBAaHUX CLUUHTUIISATOPAX i3 po3Mipom rpanyi 1,7-2,2 MM IPOXOAUTb y MeXKax
opHiei rpaHyu. YNCI0BUMHU METOIAMU MTOKA3aHO, 10 3a[IPONIOHOBaHI aBTOPOM JUCEPTALIIMHOI pOOOTH CIIOCOOH
KiJIbKICHOI OL[iHKY 3aTHOCTI [10 PO3MiJIeHHS i0HI3yI0UMX BUIIPOMIHIOBaHb 33 GOPMOIO iMITYJIbCY (SIK 32 TOYKOIO
IIepEeruHy, TaK i 3a alpoKCUMalli€l0 LBUAKOTO KOMIIOHEHTY) KOPEJIOIOTh i3 (Qi3UYHUMMU BIaCTUBOCTSIMU
IOCJiIKYBaHUX CUMHTUIISITOPIB 1 MOXYTb OyTU BUKOPUCTAHi B IOJAJIIIOMY. ABTOPOM BIIEpIIE MTOBEJEHO
nocJigkeHHs napameTpis FOM miig Habopy (ppakuiil rpaHyJl, i3 IKUX CKIIAAAINCI KOMIO3ULiMHI CUUHTUISTOPU Ha

OCHOBI cTUJ/IbOEHY Ta YUCTOrO N-TepdeHiny, y mianasoxi dpakuiit 0,1 MM - 2,5 MM.

2. The dissertation is devoted to determining the influence of the migration characteristics of triplet excitons in
organic heterostructured scintillators, namely polycrystals and composite scintillators based on stilbene, p-
terphenyl (both activated and unactivated) and anthracene, on their ability to separate by the form of a scintillation
pulse (pulse shape discrimination, PSD) the signals from ionizing radiation with different specific energy losses
dE/dx. In the work, the diffusion coefficients of triplet states in similar heterostructured scintillators were
calculated for the first time, and it was also shown that the spatial dimensions of these coefficients are equal to 3,
which indicates the isotropic nature of the propagation of these states. Also, proposed two simplified methods for



fast numerical determination of the ability of an organic scintillator, both single crystal and heterostructured, to
separate ionizing radiation by pulse shape, namely by determining the inflection point and by approximating the
fast component. It is proved theoretically and experimentally that the migration of triplet excitons can be limited
by the geometric dimensions of the grain of a heterostructures scintillator, and it is shown that such a limitation
leads to an increase in the recombination effect of triplet excitons due to their reflection from the boundaries of
the grains if their initial number in the grain is sufficient. Chapter 1 presents the basic physical principles and
mechanisms that describe the appearance and recombination of excited states in organic scintillators. The factors
affecting the shape of the radioluminescence pulse are shown, the main scintillation parameters of the
investigated substances and types of scintillators are given. A literature review was conducted on the ability to
separate ionizing radiation based on the form of the scintillation pulse of the studied samples. The need to study
the physical mechanisms of the appearance and recombination of triplet excitons in heterostructured scintillators
is substantiated in connection with the possibility of variation in the sizes of the grains on the basis of which they
are made. Chapter 2 describes and substantiates the methods of obtaining the studied samples of organic
scintillators, the methods of conducting experimental studies taking into account the features related to the
fulfillment of the tasks of the dissertation work, the mathematical principles of using the new methods proposed
by the author for calculating the ability to separate ionizing radiation by pulse shape are given. In order to study
the properties of the studied samples, we used installations for measuring the spectra of scintillation amplitudes,
the kinetics of radioluminescence pulses, determining the FOM of the scintillator, as well as measuring the spectra
of optical transmission and luminescence. Single crystal, polycrystalline, and composite samples based on stilbene,
pterphenyl (both activated and pure) and anthracene, of different geometries (cylindrical or rectangular) were
chosen as the studied samples, depending on the specifics of the research. The size of stilbene and p-terphenyl
grains was varied from40 pmto 2.5 mm. Single-layer composite samples with different grain fractions in the range
from 40 um to 1 mm were produced. In chapter 3, the types and sizes of the samples that were used in the
dissertation work are given, experimental data of both optical and ionizing radiation studies are given for single-
layer and bulk samples. A preliminary discussion of the features that can be seen in the drawings and evaluated
qualitatively was carried out. The technical features of the installations are discussed, which could lead to the
occurrence of certain changes in the experimental data and are not related to the nature of the response of the
studied samples. Chapter 4 analyzes experimental data obtained using ionizing radiation, such as scintillation
amplitude spectra, radioluminescence pulse kinetics, and determination of the FOM of the studied samples. For
the first time, the presence of isotropic propagation of triplet excitons in heterostructured samples was shown,
and it was proved by calculating diffusion coefficients that the process of recombination of triplet states in
heterostructured scintillators with a grain size of 1.7-2.2 mm takes place within one grain. Numerical methods
show that the methods of quantitative assessment of the ability to separate ionizing radiation by pulse shape (both
by the inflection point and by the approximation of the fast component) proposed by the author of the dissertation
correlate with the physical properties of the studied scintillators and can be used in the future.
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