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Thermally stimulated luminescence (TSL) and tunnel luminescence (TL) in Y,0s,
Y,0;:Eu and Sc,0; at X-ray irradiation was investigated. The Alentsev-Fock method for
separate TSL curve info elementary components with additional experimental control by
method of thermally clearing was used. Based on analysis of forms of elementary bands,
which formed TSL curve, was makes a conclusion that the recombination processes in
TSL bands with maxima at 110, 122, 176, 185, 200 and 247 K in Y,0O; ceramics and at
121, 136, 200, 215 and 221 K in Sc,0; ceramics was described of linear kinetics. The
TSL in these ceramics connected with recombination processes in structural complex
Y069’ (or Sc069’). In Y,03:Eu ceramics TSL spectra consist in the main activators bands.
Account that Eu®* jons were seek to stability half-filled 4f-shell and effective trapped of
electrons, proposed, that the TSL light was caused by recombination of holes with Eu*'—
centers. The energy activation and frequency factors of local traps centers, which exhibit-
ed in TSL bands, were calculated with number methods. Recombination processes at va-
cated local traps centers in Y,O3 and Sc,0;5 ceramics was caused diffusion-controlled tun-
nel recombination at the expense of thermally stimulated migration of holes, located on
Vi-centre, was proposed. Exist of TL and his investigated in Y,O3 and Sc,0; ceramics
was carry out. The recombination processes were described models which observed re-
combination with complex interaction, based analysis of decay kinetics was established.
The TL take placed in pairs with electron components in centers, which thermally vacated
at 176 K in Y,0; ceramics and 200 K in Sc,0; ceramics. Holes components of tunnel
pairs were caused with centers, which thermally vacated at 110 and 122 K in ceramics
based on Y,0; and 121 and 146 K in Sc,0; ceramics.

Key words: thermally stimulated luminescence, tunnel luminescence, yttrium oxide,
scandium oxide.

1. Introduction. Yttrium and scandium oxides due to chemical, thermal and radiation sta-
bility are perspective materials for registration of radiation [1 — 4]. The Y,0; and Sc,0;
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ceramic scintillators are applied for individual and technology dosimetry in the certain fields of
experimental nuclear physics, because their scintillation efficiency is higher than in monocrys-
tals [1].

The investigation of trap centres in scintillator ceramics is vital, since these centres deter-
mine a lot of the material parameters, particularly constant of the de-excitation time. The spatial
distribution of point defects in many cases is playing the important role in the spectral and ki-
netic characteristic of luminescence. The tunnel recombination of spatial separated charge car-
riers that produce tunnel pairs is frequently accompanied by tunnel luminescence (TL). The
temperature independence of decay glow kinetic parameters and temporal shift of glow spectra
in long-wave region is typical for TL and was revealed in Y,0; crystals [5]. The studies of TL,
give possibility to obtain the information in mechanisms of the electron-hole interaction and
about the relative positioning of trap centres (TC) in the energy gap.

This paper is devoted to studies of TC of charge carriers and determination of their pa-
rameters by thermoactivation methods in Y,03, Y,03:Eu and Sc,0; ceramics.

2. Experiment. The ceramic samples obtained by a baking of a pressed powder on the air
at 1100 °C were studied. The initial raw material was Y,0;3 of ItO-I marks , luminophor
Y,0;:Eu and Sc¢,0; of E marks.

The samples were placed in a vacuum cryostat where the temperature was changed within
80—400 K range during the studies of the thermostimulated luminescence (TSL) and TL.

The irradiation was carried out by X-rays Cu K,-lines (URS-55A, 40 kV, 10 mA). Quanti-
ty of X-rays dose was measured by IDMD-1 dosimeter. The exposition dose was changed with-
in the limits of 0,15-2,35 C/kg. The intensity of TSL and TL were studied by FEU-51 photo
multiplier and by B1-7 electrometric amplifier the signal of which was recorded by LKD4-003.
The spectra of TSL were studied with UM-2 monochromator. The linearity of heating was pro-
vided by RIF-101 attemperator. The heating rate was 3=0,150+0,005 K/sec, that provided suf-
ficient resolution of the method for the studied samples with good relative aperture.

3. Results and discussion.

3.1 Local trapp centres in Y,0O5 and Sc,05 ceramics.

The curves of thermostimulated luminescences (TSL) of Y,O3 ceramics are presented on
fig.1.

The three basic groups of peaks: 90-140, 150-220 and 230-280 K are revealed in the
studies temperature range. The group of peaks in the interval 230-280 K range has much great-
er intensity for Y,O;:Eu ceramics, than in Y,0; ceramics. Fig.2. shows TSL curves for Sc,04
ceramics.
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Fig.1. Curves of TSL in Y,0; (a) and Y,05:Eu (b)ceramics at X-ray excitation (D=1,5 C/kg, T=80 K).
Dashed lines show the elemental components.
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Fig.2. Curves of TSL in Sc,05 ceramics under X-ray excitation (D=1,5 C/kg, T=80 K). Dashed lines
show the elemental components.

The two first group of peaks are shown in the structure of a spectrum and they are charac-
teristic also for Y,0;, however with inappreciable high-temperature shift of curves and change
of their relative intensity. The third, most high-temperature group of peaks, owing to small TSL
intensity in Sc,0Oj3 is not revealed by us.

The method of Alentsev-Fok [6] has been used for partitioning TSL curves on individual
components. The method of thermal clearing has been used with the purpose of additional ob-
servation checkout of the lead partitioning. This known, that the linear kinetics of a lumines-
cence the low-temperature part of TSL peak has greater slowness, than high-temperature one
[7]. Consequently, it has been considered, that recombination processes which shown in oozed
TSL peaks are described by the linear kinetics.
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The dose_dependences of intensity have been studied for all elemental peaks obtain as a
result of TSL curves deconvolution. Fig.3. shows the obtained curves for of some TSL peaks in
Y,0; ceramics.

0 | 2 D, Chy
Fig.3. Dose dependences I, for Y,0; ceramics: T,,,,=110 (1), 185 (2), 200 (3) and 248K (4).

Typically the intensity of maxima of oozed TSL peaks in studied ceramics tends to satura-
tion with increase of irradiation dose. Such increase of TSL peaks intensity, probably, is
caused by increase of concentration of the free charge carriers trapped on existing in ceramics
TC.

Besides, during the irradiation the generation of new defects which are TC or centres of
recombination, is enough inappreciable or does not occur absolutely. In particular, considering,
that spectra of X-ray luminescence of ceramics after the irradiation in the specified doses are
not changed, it is possible to conclude, that during the irradiation the generation of new recom-
bination centres does not occur.

The analysis of TSL spectra shows, that for studied TC in Y,0; and Sc,0;3 ceramics the
recombination occurs in the range of 340—370 nanometers. Thus in TSL Y,0; spectra the lu-
minescence with a maximum at 368 nanometers and in TSL Sc,0; ceramics spectra — with a
maximum at 350 nanometers, is not observed, which is dominating one in spectra of the sta-
tionary luminescence. This confirms exciton nature of such luminescence. Y,03:Eu ceramics
TSL spectra contain basically activation bands. Taking into account, that Eu’* ions tend to
have stable halffilled 4f-shell and effectively trap electrons [8], it is possible to consider, that
TSL corresponds to the recombination of holes with the Eu*" -centers. Thus, the Eu**-centers in
the excited state are created, which relax with quantum emission selfactivation luminescence.
Such situation enables to explain, that in Y,O;3:Eu ceramics the intensity of TSL peaks with
maxima nearby 247 and 258 K is relatively higher, than in Y,0; ceramics where the strong
temperature luminescence quenching is observed at T>200 K [9], and in Y,0;:Eu the tempera-
ture quenching of activation luminescence is not observed [10].

The energy of thermal activation £t is the one of the main TC parameters. We used differ-
ent methods for Et calculation in studied ceramics: method of superposition of the theoretical
and observational TSL curves, offered by Antonov-Romanovskyi [11], a method which is
based on changing of halfwidth of studied TSL peaks [12] and Garlik-Gibbson method [7],
where lie depth is defined as Ex=d(In I)/d(kT)™.
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The second important TC feature — the frequency factor py, which characterizes frequency
of the effective collisions, capable to void the localized charges. We defined p, for derived
peaks as:

max

ET — (ln pOTmax _ ln ln p()Y:nax ]kT ; 1)
B B

which obtained in [13] for linear kinetics, which as it was mentioned is typically also for Y,O3
and Sc,05 ceramics.

The results of TSL curves processing by different methods are given in table 1 for Y,04
ceramics and table 2 for Sc,05 ceramics.

Table 1.
Energy of thermal activation and TC frequency factor in Y,0; ceramics
ET, eV
T K Antonov- - . Garlik-Gibbson | py, s
’ Romanovskyi Lushchik method ’
method method
110 0.15 0.15 0.16 2.9-10*
122 0.26 0.23 0.25 2.6:10’
176 0.34 0.39 0.31 6.4-10°
185 0.40 0.37 0.36 5.2-10°
200 0.47 0.49 0.47 5.2:10°
247* 0.54 0.53 0.49 6.0-10°
0.81 .
258* 0.56 0.48 {0.98 8.3-10
*Calculation is lead for Y,0;:Eu ceramics.
Table 2.
Energy of thermal activation and TC frequency factor in Sc,0; ceramics
Er, eV
T K Antonov- - . Garlik-Gibbson | py,
s Romanovskyi Lushchik method ’
method method
121 0.20 0.21 0.19 2.3-10°
136 0.25 0.25 0.27 2.2:107
200 0.40 0.31 0.35 8.1-10°
215 0.51 0.47 0.45 4.9-10°
221 0.53 0.52 0.51 6.0-10°

Considering, that the method [11] have the certain error caused by theoretical simplifica-
tions, the error of the Garlik-Gibbson method is equal to 2-3 %, and the calculation error by
Lushchik method is equal to 7-15 % [12], could be concluded, that Et value , obtained by
means of different methods for the majority of TSL peaks, practically coincide. It enables to
approve, that studied TSL peaks for Y,0; ceramics with maxima at 110, 122, 176, 185, 200
and 247 K and for Sc,0; ceramics with maxima at 121, 136, 200, 215 and 221 K are caused by
separate traps which energetically are not overlapped with other traps. From the given data it
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could be seen that Et value, obtained by Garlik-Gibbson method for TSL peak Y,0;:Eu ceram-
ics with a maximum at 258 K, considerably differs from obtained by other methods and has
enough great value. The Et value break up on two subgroups during processing of above speci-
fied peak which shows on nonelementary not only of recombination processes, but also of the
centre. Such situation testifies, that the given peak is caused by existence quasimonotonous TC
energy distribution.

Fig.4. shows the temperature dependences of Er values for studies ceramics, obtained by
Garlik-Gibbson method that owns the least error.
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Fig.4. Temperature dependence of E, value in Y,05 (1) and Sc,03 (2) ceramics defined by
Garlik-Gibbson method.

3.2. Tunnel luminescence of Y,05; and Sc,05 ceramics .

The complex of studies of tunnel processes in viewed ceramics have been conducted for
finding-out of nature TC of charge carriers in Y,03 and Sc,0; ceramics.

It is known, that dependence of TL intensity on time of signal attenuation (time after the
termination of excitation) 7 (¢) is well featured by the Becquerel law [14]:

=10 _. 0
(1+bt)
where b and a — parameters of approximation.

Fig.5 shows in double logarithmic coordinates the kinetics of signal attenuation of TL in-
tensity for Sc,0; ceramics at different doses of an irradiation. Similar dependences are obtained
and for Y,0; and Y,05:Eu ceramics.

The kinetics of TL signal attenuation contains the information on a spatial distribution of
tunneling centres [14, 15]. The two theoretical models are used for the description of a real
kinetics: model of the complex recombination interaction and model which considers a recom-

bination in the isolated genetic pairs.
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Fig.5. Kinetics of signal attenuation TL in ceramics Sc,0j; in double logarithmic coordinates at
temperature of X-ray irradiation 150 K and recordings 80 K.
Dose of an irradiation 2,30 (1), 1,55 (2) u 0,77 C/kg (3).

Considering literature data [16], TL processes in the studied ceramics can be featured, ap-
plying model of the complex recombination interaction, as TL intensity is not proportional to
tunnel pairs concentration and slope angle of dependence /n [ from /n ¢ (parameter o) depends
on a dose of an irradiation (Table 3). It specifies the redistribution of the tunnel pairs compo-
nents behind distances in a direction of chaotic distribution.

The value of parameter a in the Becquerel law for the description of TL kinetics in Y,Os3,
Y,0;5:Eu and Sc,0; ceramics at different doses of an irradiation.

Table 3
. . Parameter o
D f t k
ose of irradiation, C/kg 56,0, Y,0, Y,0,Eu
0.77 0.528 0.372 0.715
1.55 0.399 0.347 0.657
2.30 0.272 0.274 0.593

The obtained experimental results enable to evaluate the initial distribution function of
pairs n(r, 0) [14] behind distances between their components. For this purpose light emission
summ S, (t) are measured at intervals of time Atz,, which follow one another. The interval of
time At, begins at #/a and finished at at. Here a - the any positive number, a > 1. At processing
of the experimental values quantity do not change at transition between time intervals.

Accepting, that at centres of radiation all electronic transitions are the emissive, we have:

S, = Oj?[n(r,t/a) - n(r,at)]dr )

Considering, that
n(r,t) =n(r,0) exp[— Wt exp(r/ro)] 4)
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where r — distance between tunneling centres, W, and r, — constants, and accepting, that near
(1) — the distance between elements of pairs, at which at present moment the rate of tunnel pair
decay is maximal, the function z (7, 0) slowly depends on r, we obtain:

SO~ n(r,0) 2 Ina (5) 5)

The light emission summ S, (?) we measured in time intervals from 10 up to 300 sec, and
parameter a took equal 1.5. The results of calculations show, that dependences S, (), and,
hence, and 7 (7, 0) for Y,0;, Y,03:Eu and Sc,0; ceramics are similar (see fig.6).
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Fig.6. Dependence partial light emission summ S, from time in Y,05 (1), Sc,0; (2) u Y,0;:Eu (3)
ceramics. Dose of irradiation 0,77 C/kg.

It shows that in these ceramics the mechanisms of TL are identical. Besides S,(z) depend-
ence shows, that the majority of radiative defects are remote on distances which exceed radius
of effective tunnel transitions with time constant of 10-100 sec. The distances between defects
decrease in Y,0s:Eu ceramics. Besides, the structural defects created by the activator, in the
mechanism of diminishing of distances between radiative defects in the pair the trapping of
electronic component of the pair by Eu’ " ions gives the contribution.

For definition of the nature of the centres between which the tunnel recombination occurs
— a composition of tunnel pairs — we rtake into account that TL intensity tends to zero if the
sample is excited at temperatures which exceed temperature of thermal destruction of one of the
components of the studied pair. With this purpose we measured dependence of luminescent
emission on temperature of excitation, i.e., efficiency of light emission summ accumulation at
different temperatures.

The ceramics, preliminary heated up to 400 K, excited at constant dose at different tem-
peratures, then cooled down to 80 K and the kinetics of their luminescence was measured. The
intensity of luminescence at the certain moment of time after the excitation termination was
accepted as a measure standard of the relative concentration of the tunnel pairs created at the
given temperature of excitation.

The light emission summ which is accumulated in the studies ceramics, measured at rise
of temperature of excitation has two sites of abrupt wane which correlate with peaks of TSL
curve (Fig.7). The obtained results enable to draw a conclusion, that TC which correspond to
TSL peak with a maximum at 176 K in Y,0; ceramics and at 200 K in Sc,0; ceramics are trap
centres of one sign and make one of a builder of tunnel pair. More the low-temperature TSL
peaks with maxima at 110 and 122 K in Y,0; ceramics and 121 and 146 K in Sc,0; ceramics
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are caused by TC of the carriers of the opposite sign and are correspondingly the second com-
ponents of tunnel pairs.

/1,

100 200 T, K

Fig.7. Efficiency of light emission summ attenuation depending on temperature of excitation (a) in Y,0;

ceramics (1) and Sc,0; ceramics (2); TSL curves of Y,0; ceramics (b) and Sc,0; (¢) (D=1,5 C/kg, T=80
K). Dashed lines show the elemental compositions

4. Conclusions. The significant diversion of E£1(7) dependence from linearity testifies to
presence of the remote tunnel mechanism of a luminescence (Fig.4). Thus, by analogy to relat-
ed system Al,O; in which has been proved the thermostimulated migration of hole which is de-
localized from Vy-centres [17], it is possible to consider, that also in Y,O; and Sc,0; the dif-
fuse-controllable tunnel recombination caused by thermostimulated migration of holes, delocal-
ized from Vi-centres is observed. Diffuse character of migration of electronic excitation with
possible intermediate localization proves to be true also by small values of the frequency factor
po of the relaxation processes. Apparently from Table 1 and Table 2, in Y,0; and Sc,03 ceram-
ics the frequency factor of relaxation process on some orders is lower than the frequency factor
of trap centres (~10'2 ¢™").

For definition of a sign of charge carriers which trapped on corresponding TC, we used
except for the our results, the results of EPR and TSL studies of spectrums yttrium oxide crys-
tals in operations [18, 19]. Our analysis allows to identify TSL peak with a maximum at 176 K
in Y,0; as a luminescence of electronic centre. The energy of thermal activation of this centre,
defined both for ceramics, and for Y,0; crystals [18], is equal to 0.31 eV. The study of the re-
charge of this F-center in operation [20] confirms conclusion, that it is electronic centre. The
second components of the tunnel pairs which are genetically related with TC which are revealed
for ceramics on the basis of Y,05 in TSL peaks at 110 K and 122 K and Sc,0; at 121 and 146
K and are TC of the charge carriers of an opposite sign, make the hole components of tunnel
pairs.
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Hocmimkeno TepMocTuMysiboBany JoMinectieHmiro (TCJI) 1 TyHenbHY JIIOMi-
aecrenmniro (TJI) B kepamikax Y,03, Y,0;: Eu i Sc,03 ipu peHTreHiBCbKOMY OTIPOMiHEH-
Hi. Jlnsa moxiny xkpuBux TCJI Ha eneMeHTapHI CKIIAOBBI BUKOPHUCTAHO METOJ AJICHIIEBA-
®doka 3 T0AATKOBOIO SKCIIEPUMEHTAILHOIO MTEPEBIPKOI0 METOIOM TepMidHOI OUUCTKH. Ha
MiACTaBi aHamizy GOpMHU eleMEHTapHUX CMYT, siki popmytoTs kpusi TCJI, 3pobieHo BH-
CHOBOK, 1110 pekoMOiHariitai nporecu y cmyrax TCJI 3 makcumymamu nipu 110, 122, 176,
185, 200 i 247 K B kepamikax Y,0s3 i mpu 121, 136, 200, 215 1 221 K B kepamikax Sc,03
OTNHUCYIOThCS JIiHiITHOIO KiHeTHKoro. [Tokazano, mo TCJI B iux kepaMikax IMmoB'si3aHa 3 pe-
KOMOIHALIHHAME TIPOLIECAMH Y CTPYKTYpHHX Komiuiekcax YOq (a6o ScOg). Beranos-
JIeHOo, 1m0 B KepaMikax Y,0j;: Eu crektpu TCJI ckitanaroThCsi B OCHOBHOMY 3 aKTHBATOP-
HUX CMyT. Pi3HUMEU criocoO0aMu BH3HAYEHO SHEPrii akTUBAIlil i 9acTOTHI ()aKTOpH JOKa-
JBHUX IEHTPIB 3aXOIUICHHS, SKi MPosABIAIOTECA B KpuBux TCJI. BeraHoBieHO, 0 pekoM-
OiHamiiiHi TIpoIlecH TIpH 3BUIBHEHHI IIGHTPIB 3aXOIUICHHS 3yMOBJIEHI JTU(Y3HO-
KOHTPOJIbOBAHOIO TYHEJILHOIO PEKOMOIHAII€I0, HAWOLIBIT HMOBIPHO, 32 PaXyHOK TEPMOC-
THMYJIOBAHOI Mirparii Jipok, 3BUTbHeHUX 3 VK-1ieHTpiB. [lokazaHO HasBHICTH 1 JOCII-
mxero TJI B kepamikax Y,0; 1 Sc,0;. Ha ocHoBI ananizy kiHetuku 3aracanss TJI Bcta-
HOBJICHO, ITI0 peKOMOIHAIIHI TIPOIIECH OTMMCYIOTHCS MOJAEIUTIO 31 CKIIAJHOIO B3aEMOJIIETO.
TJI 3miCHIOETBCS B TIapax, €ICKTPOHHOIO KOMIIOHEHTOIO SKHX € IEHTPH, SIKi TEPMIidHO
3BUTBHAIOTHCS Tipu 176 K B kepamikax Y,03 i1 200 K B kepamikax Sc,0s. JlipkoBi komIo-
HEHTH TYHEJIBHHX I1ap IOB'S3aHi 3 IEHTPaMH, SIKi TEPMITHO 3BIIBHIIOTHCS mpu 110 1 122
K B kepamikax Ha ocHOBI Y,0; ta 121 i 146 K B kepamikax Sc,0s.

Knouogi crosa: TepMOCTUMYITHOBaHA JIIOMIHECIIEHITIS, TYHEIbHA JTIOMiHe-CIICHITis, OK-
CHJI ITpit0, OKCHJI CKaHJIIIO.
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TEPMOCTUMYJINPOBAHHAA U TYHHEJBHASA JIOMUHECIEHIIUA
B KEPAMHUKAX Y,0; H Sc,0;

O. Bopayn ', . Bopayu 2, M. Kyxapckmii '

! JIveosckuii HayuonanbHoulll yHueepcumem umenu Meana @panxo,
ya. [lpazomanosa, 50, JIveos, Ykpauna.
bordun@electronics.wups.lviv.ua
2chuuortaflblLtblﬁ yuueepcumem «Jlvsosckas [lonumexnuxay,
yia. Cmenana banoepwi, 12, 79013, Jlvsos, Yrpauna.

HccnenoBana tepmoctumyinpoBanHas momuHecteHws (TCJI) u TyHHenbHAS JTIOMU-
uecuenyu (TJI) B kepamukax Y,0s3, Y,03: Eu u Sc,0; npu peHTT€HOBCKOM OOTYYCHUH.
Hnst paznenenust kpuBbix TCJI Ha »leMeHTapHble KOMIOHEHTHI HCHOJb30BaH METO[
AnenneBa-®Poka ¢ JONOTHUTEIHHON SKCIEPUMEHTALHOM MPOBEPKO METOIOM TepMUYE-
ckoit ouncTku. Ha ocHoBaHmM aHanmm3a (GOPMEI 3JIEMEHTApPHBIX MOJIOC, (HOPMHUPYIOIIUX
kpusble TCJI, cnenman BBIBOJ, YTO PEKOMOWHALMOHHBIX TpoleccoB B mosocax TCJI ¢
makcumymamu nipu 110, 122, 176, 185, 200 u 247 K B kepamukax Y,O; u npu 121, 136,
200 , 215 u 221 K B kepamukax Sc,O; onmuchiBaloTcs JUHEHHON kuHeTHkoi. [lokaszaHo,
yro TCJI B 3TUX KepaMHKax CBsi3aHa C PEKOMOWHAIIMOHHBIMH MPOIIECCAMH B CTPYKTYp-
HBIX KOMILIEKCaX YO69'(I/IJH/I ScOég'). VYcranosineHo, uTo B kepamukax Y,0;: Eu ciekTpbl
TCJI cocTosST B OCHOBHOM M3 aKTHBAaTOPHBIX MoJoc. Heckompkumu criocobamu ompee-
JICHBI SHEPTUU aKTUBAIIMU U YaCTOTHBIC (PAKTOPHI JIOKAIBHBIX IICHTPOB 3aXBaTa, KOTOPHIC
nposBisitorcss B KpuBbiX TCJI. YCTaHOBIIEHO, YTO pEeKOMOWHAIIMOHHBIC MPOIECCH MpU
OCBOOOXKIICHHUH IICHTPOB 3axBaTa 00yCIOBICHBI (] (y3HO-KOHTPOIUPYEMO# TYHHEIEHOU
peKOMOUMHAIUCH, Hallboee BEPOSTHO, 332 CYCT TEPMOCTHUMYIUPOBAHHOW MUTPALIUH JbI-
POK, OCBOOOXIICHHBIX C V| -lleHTpoB. [1oka3ano Hanmuue u uccienoano TJI B kepaMukax
Y,0; u Sc,03. Ha ocHOBe aHanm3a KuHETHKH 3aTyxaHus TJI yCTaHOBICHO, YTO PEKOMOH-
HAllMOHHBIE TPOLECCHl OMUCHIBAIOTCS MOJENBIO CO CIIOKHBIM B3aumojeiictBuem. TJI
OCYIIECTBIISIETCSI B Mapax, 3JIEKTPOHHON KOMIIOHEHTOW KOTOPBIX SIBJISIFOTCS LIEHTPBI, KO-
TOpBIE TEPMHUUECKH ocBoOoKAatoTes npu 176 K B kepamukax Y,0; n 200 K B kepamukax
Sc,03. ApIpoyHble KOMIIOHEHTHI TYHHEJIBHBIX TIap CBSI3aHBI C IEHTPAMU, KOTOPbIE TEPMHU-
yeckn ocBoboxnarorcst ipu 110 n 122 K B kepamukax Ha ocHoBe Y,0; n 121 n 146 K B
KkepaMuku Sc,0;.

Knrouesvie cnosa: TepMoCTUMYTUPOBAaHHAS JIOMUHECICHIIUSA, TYHHEJIbHAs JIIOMUHEC-
LIEHIMS, OKUCh UTTPUSI, OKUCh CKaHIIUSI.
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