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1. ®izugni 0cobmBOCTI panianiiiHO-CcTPpyKTYpHOI MoaydiKaLii KOBaI€HTHO-CITKOBOTO CKia As-S

2. Physical peculiarities of radiation-structural modification of As-S covalent-network glass

Pedepar:

1. Incepranis npucBsYeHa BUBYEHHIO pafialliiHO-CTPyKTypHOI Mogudikauii XHC, 30kpema BCTaHOBJIEHHIO
(i3sMYHNX 3aKOHOMIPHOCTEH, a[JleKBaTHUX MEXaHi3MiB i KpuTepianbHux napamerpis PCM, BUKIMKaHUX
BHCOKOEHEPIreTUYHUM O-OIPOMIHEHHSM, B KOBaJIEHTHO-CITKOBOMY CKJIi AS-S. BUBYE€HO BJIaCHI pejlakcaliiHO-
CTPYKTYypHI nepeTBopeHHs B PCM (edextu ¢izuyHoro crapinHs) citkoBux XHC As-S. BcranossieHo poJib
IOMIIIKOBMX PafiialliiHO-CTPYKTYpPHUX IlepeTBopeHb B PCM i 0CO6IMBOCTI OKMCIIEHHSI IPY O-ONPOMiHEHHI.
Po3po6s1€H0 METOROJIOTII0 XapaKTepu3allii BJIaCHUX pafiauiiHo-onTudHux edekTis B XHC pizHOro ckinagy i
nepepnicTopii (D-onpomMiHeHux, TEPMIUHO 3icTapeHux, BilHOBJIEHUX). 3 [TO3ULi} KOHLENLii BHYTPilIHbOrO BiJIbHOTO
00'eMy 3'1COBaHO JedeKTHe [T0XOIKEeHHS pafliallifftHO-CTUMYJIbOBaHOI MeTacTabinbHOCTi B XHC. BcTaHoB1eHO
KOMITIO3ULiHI MeXi IPOSIBY CIIOCTEPEXXYBAaHUX €(PEKTiB. 3alIpOIIOHOBAHO METOI0JIOTii YA CI0BOI OL[iHKA
KoHUeHTpauii ingykoBanux KT/l Ta epexktuBHOCTI PCM B KOBaJIEHTHUX CKJIyBaTUX MaTpULSX. PO3BUHYTO
KOHQirypauiiiHo-eHTabIilHy fiarpamy 115l onucy iHpykoBanux sBui y XHC.



2. Thesis is devoted to the studying of radiation-structural modification (RSM) of chalcogenide semiconductor
glasses (ChSG), particularly to the establishing of physical peculiarities, adequate mechanisms and criterial
parameters of RSM being induced by high-energy o-irradiation in covalent-network As-S glass. It is detected that o-
irradiation stimulate essential structural-relaxation processes in AsxS1-x CgSG with x < 0.40, which appear in
increasing of glass transition temperature and area of endothermic peak of DSC curve and testify to n-induced
approaching of their network to more equilibrium thermodynamic state. On the other hand, AsxS1-x ChSG with
0.30 o x 0 0.42 are resistant to the natural physical ageing (PhA). Effect of o-induced PhA in As-S system increases with
increase in deviation from stoichiometry to S-enriched composition. Observed changes are explained by
considering the radiation-induced breaking of covalent chemical bonds in ChSG network. It is argued the
methodological reasonability of experimental investigation of intrinsic radiation-induced optical effects in ChSG in
the backward chronology of continuous in-situ measuring. Restrictions of the radiation-induced metastability
investigation methods applied in direct chronology of cycled ex-situ measurements are exposed. It is
demonstrated the possibility of delimitation of the radiation-optical response from intrinsic destruction-
polymerization transformations and accompanying natural and radiation-induced physical ageing effects.
Compositional trends in RSM of the spectral dependences of optical transmission in the network ChSG of As-S
system are investigated by the in-situ optical spectroscopy within the methodology of backward chronology.
Effects of short- and long-wave radiation-induced shift of the fundamental optical absorption edge are observed
in dependence on the chemical composition and thermal prehistory of ChSG (thermally aged or rejuvenated
glasses). It is shown that n-induced darkening owing to the intrinsic destruction-polymerization transformations
dominates in near-stoichiometric As-S ChSG, as well as radiation-induced PhA processes cause the o-induced
bleaching of chalcogen-enriched ChSG. It is defined the defect-related origin of the radiation-induced
metastability in ChSG in the frameworks of free volume concept. By the methods of positron annihilation lifetime
spectroscopy and Doppler broadening spectroscopy, it is identified the processes of the free volume voids
evolution in As-S ChSG (agglomeration-fragmentation, expansion-contraction and charging-discharging) being
connected with transformations of abnormally-coordinated charged defects. The effects of thermal and o-induced
PhA are shown to be caused by the processes of voids fragmentation, as well as formation of the o-induced defects
accompanies by the additional voids charging. The methodology of criterial parameterization of RSM in glassy
chalcogenide network systems is worked on considering the transient (in-situ) and post-irradiation (ex-situ)
relaxation inputs. Metastable radiation-optical response is described as intrinsic destruction-polymerization
process in chemically-ordered or random covalent network depending on the radiation-induced misbalance in the
distributions of covalent bonds, available for relaxation accompanying free volume and excess of the
uncompensated electrical charge on the abnormally-coordinated atoms in ChSG. Proposed numerical criterion
describes adequately the compositional trends in reversible induced changes of the optical parameters of As-S(Se)
ChSG in the full networking range. Efficiency of the structural modification of glassy arsenic sulfides is found to be
much higher in respect to arsenic selenides. This parameter is maximal for stiochiometric compositions in the case
of chemically-ordered covalent network, but maximal efficiency of RSM shifts to the sulfur-enriched As0.30S0.70
composition with the increase in randomness of covalent bonds distribution. It is proposed the configurational-
enthalpic diagram for the describing of the induced effects in ChSG. In the frameworks of this diagram, it is
foreseen the occurrence of ChSG in the different metastable structural states (corresponding to the as-prepared,
aged and o-induced glasses) and short-lived excited state. Transitions between the different states agree with the
changes on the corresponding ChSG enthalpic diagram. On the example of As-S glasses, configurational-enthalpic
diagram is shown to sufficiently describe effects of natural, thermal and n-induced PhA, intrinsic processes of o-
induced defects formation and thermal renovation of ChSG.
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