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The effect of 103 ions on spectrometric characteristic of Cs IT lcrystal has been considered. It has been shown that
co-doping of Cs T lcrystal by 103 anions permits to obtain clear ingots with increased thallium concentration up to
Ct ~ 0,9 mole % in which the concentration quenching of photo- or radioluminescence do not observed. It has been
shown that the decay of solid solution in Cs IT] 105 crystals is not observed, at least up to Cy; ~ 0.5 mole %, as
evidenced by a good energy resolution (R = 6.3%) of samples with the specified Tl concentration and this also
evidenced by a larger segregation coefficient of thallium in Cs:IT1105 crystals (k = 0,2 4 contrary to k = 0,19in
CsiIT). An explanation of thallium solid solution stability in Cs Imatrix has been proposed which based on
experimental fact of TI' ... 105 complex formation. Compensation of elastic stresses of opposite sign due to
complex formation results in preventing of nucleation for solid solution decay.

PACS: 29.40.Mc; 81.10.Fq; 61.72.S-

INTRODUCTION

CsiITl] crystals are widely used in various fields of
science and scintillation technique [1]. The obvious
advantage of these crystals is the ability not only to
register charged particles [2], but also to identify them
by the pulse shape [3, 4]. The identification of particles
by atomic number Z and mass A predetermines the
stringent requirements for the composition of the
scintillation material [5] and the stability of its
characteristics over time [6]. The need to identify
particles arises in such tasks as registration of fission
fragments [7] or products of nuclear physical reactions
for instance in the FAZIA (for m A and Z identification
array) project [8].

The requirements for the composition of the
scintillator primarily relate to the activator concentration
— Cq. Tt is well known that optimal concentration Cp
depends on particle type and increase with density of
energy loss dE/dx in particle truck [3]. The value of Cp
for fission fragments is more than an order of magnitude
higher than the optimum concentration for detecting y-
rays [9]. Thus, for detection and identification of
charged particles including heavy ions, the crystals with
Cm ~1 mol e% are necessary [10].

Detection of charged particles is complicated by the
fact that concentration quenching of luminescence is
observed in heavily doped Cs Tl crystals [3, 10]. The
light yield decrease (at excitation by gamma quanta
from "*’Cs) for CsiTI crystals is observed starting of
the Cr = 0.2 ol e%, at the same time the energy
resolution is degraded [5, 11]. It is believed [5] that the
spinodal decay of activator solid solution in the Csl
matrix cause of the concentration quenching of light
yield.

Attempts have been made [11, 12] to obtain crystals
with an increased concentration of thallium. Crystals
from GB (USA) and SCIONIX (Holland) were studied
in [12], it has been shown that heavily doped CsiITl
crystals are characterized by a sharply inhomogeneous
distribution of thallium, both along the growth axis and
in the transverse direction. Concentration

inhomogeneity are pronounced at the Cp~0,5 nol e%
[12] and caused by decay of thallium solid solution [5].
Spinodal decay of solid solution results in degradation
of light yield [5, 11] and energy resolution of scintillator
especially.

On the basis of literature data and our own
experience, it can be assumed that doping of crystal
with impurity-stabilizer [13] can prevent decomposition
of solid solution at the initial stage of formation of
paired and more complex activator centers. Such an
approach justified itself for Nal: T1scintillation material
which is doped additionally with 103 -ions [14], and as a
result the thallium concentration limit has been
increased threefold. A similar result [13] was obtained
for Li IEu scintillation material. It has been shown that
the introducing of the 0?~ anions into the crystal lattice
permits to increase the limiting concentration of
europium significantly.

The aim of present paper consists in obtaining of
CsiIT] 105 crystals with increased thallium concentra-
tion and investigation of main spectrometric
characteristics of this scintillation material.

EXPERIMENTAL PROCEDURE

The crystals were grown by directional crystallization
in evacuated quartz ampoules according to Stockbarger
technique. The technique for growing of Cs Tl crystal
without additional co-doping with Na™ cations is
described in detail in [15].

Grown ingots had the following dimensions: ~ 82 mm
in diameter and ~ 120 mm in height. If the activator
concentration did not exceed value of the Cp; < 0.2 %,
obtained ingots were transparent and had the correct
shape, i.e. convex crystallization front and smooth side
surface. In the case of growing crystals with the highest
thallium concentration, the temperature in the crystal-
lization zone was decreased by 20°C, and the pulling
rate was halved to 1 mm/hour. However, the ingots
grown had a concave crystallization front. The funnel-
shaped depression in upper part of ingot was filled with
a fine-crystalline mixture of individual components.



The concentration of thallium in heavily doped
samples was determined by a specially developed
technique described in [16]. Hereinafter, the TI
concentration is given in molar fractions of percent.

A distinctive feature of heavily doped Cs:IT] crystals
was the non-uniform distribution of activator, both in
height of ingot and in cross section. The Cp values
could differ twice in adjacent parts of ingot for example,
at a distance of ~ 1.5 mm. The local scatter of Cp values
was studied by point-to-point chemical analysis using
laser surface evaporation [17]. The size of the evapora-
tion crater was approximately 0.5 mm, and the neighbo-
ring craters were separated from each other by a
distance of 2 mm. At an average Cy; of about 0.5 %, the
spread of the concentration values exceeded 100 % in
the cross section of ingot, where the activator
concentration should be the same. Our results on the
inhomogeneous distribution of the activator at distances
of about 1 mm are fully confirmed by the data of [12].
Due to the large scatter of data on Cy, the thallium
segregation coefficient in heavily doped ingots was not
determined. Samples cut from the transparent part of
such ingots had unsatisfactory  spectrometric
characteristics.

Transparent crystals with Cp > 0.2 % which had a
standard shape and regular thallium distribution over the
height of the ingot could be obtained by a similar
method of growing, but in a reaction gas atmosphere.
The gas atmosphere consisted of argon and oxygen, the
pressure in the ampoule was about 10.1 kPa.

Grown crystals usually contained some amount of
Cs IQ impurity. In Fig. 1 the IR transmission spectrum
is presented for Cs IT] 105 crystal at room temperature.
As it seen from data of figure there are two overlapping
absorption bands located at 804 and 799 cm™' which are
characteristic for stretch vibration of 103 ions [18].
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Fig. 1 — Infra red transmission spectrum of Csl: 103 crystal
with C; = 2 - 10~* mole % at room temperature.

According to chemical analysis, the content of 103
ions in this sample is equal to the C; =210 %%.
Knowing the absorption coefficient kg o4 in the most
intense band of 804cM™!, one can determine the

concentration of iodate ions by the empirical relation:
CI. = 1,4‘ 7' 1 0_3 ks 04>

where the coefficient kg o4is expressed in cm™?, and the
C; in mole %. The proportionality coefficient (& =

1,4 7-10°3) found was close to the known one [14] for
determining the concentration of iodate ions in Nal
crystals (§ = 1,52-1073).

Fig. 2 shows an example of the activator distribution
by ingot volume in the process of directional crystalli-
zation in CsiITIl (curve 1) and CsiT]I0; crystals
(curve 2). It can be seen that in the case of a relatively
small activator concentration in the melt (C, = 0.3 %),
the distribution of Cyy along the volume of ingot is
described by smooth curves with gradually increasing
thallium concentration.
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Fig. 2 — Thallium distribution curves during directional
crystallization for CsI: Tl (1) scintillation material and
CsI: TL, 103 (2). The points represent experimental data and
the solid lines are according to Pfann’s law. Haamucs

Determination of segregation coefficient K carried out
in "1 v vsl rg” coordinates, where y = Cp;/C, is a
relative T1 concentration, and g = m/m, denotes the
proportion of crystallized melt. The calculation gave the
value K =0.19 in the case of CsiITl material
crystallization (C, = 0.3 %, which corresponds to the
initial C1;~0.0 6%). The obtained value of K within the
limits of measurement error corresponds to the well-
known equilibrium segregation coefficient K = 0.1 8+
0,0 1, which is given in [19]. In the case of CsiT] 104
material growing, a markedly larger segregation
coefficient was obtained: K = 0.2 4

To determine the spectrometric characteristics of
scintillator the samples measuring 10x10x10 mm were
made for light output determination and @20x4 mm for
measuring the luminescence. The polishing of the
samples was carried out taking into account the
recommendations of works [20, 21] to prevent the
formation of a dead layer. Measurements of the light
yield were carried out on a spectrometric bench with a
Hamamatsu S3590-08 photodiode relative to the
standard. The accuracy of light yield determining by
this method was + 3.2% [15].

RESULTS

As noted in the introduction, the optimal concentration
of thallium for detection of light ions differs from that
for y-rays. Therefore, for a more complete characte-
rization of the scintillation material let us firstly consi-
der the crystals with Cp; ~ 0,1 % which is enough for y-



rays detection and then with Cy; ~ 0,5 % (more suitable
amount for light ions registration).

Crystals with Cp, ~ 0, 1%. First of all let us consider
the luminescence properties of codoped crystal. Curve 2
on Fig. 3 presents the radioluminescence spectrum of
CsiIT] 103 crystal. Curve 1 corresponds to emission
spectrum of CsiIT] standard with the same activator
concentration (Cr = 9,5 1072%). It is seen from the

CsiIT1105 crystal in compare with standard. Light yield
decreasing is about 8-10% for crystal doped by 103 ions
and this value coincides with degradation of photo- and
radio luminescence. Considering the lower light output,
it can be concluded that the energy resolution of
CsIT] 105 crystal should be slightly worse than that of
the reference. However, this is not the case, despite a
noticeable decrease in light yield the R value does not

date of Fig. 3 that two curves are very similar on the deteriorate, which indicates that the crystals are
shape as well as position of maxima. However, two  homogeneous.
noticeable differences are found. First, despite the same
Ct in two crystals under investigation the maximum of  Counis
emission is located at low wavelength for Cs:IT]I104
material. It is known [10] that maximum of emission 800 l g 552 ke
spectrum shifts to longer wavelengths with Cp
increasing. According to [10] the maximum of peak on e d
curve 2 corresponds to the apparent Cp ~7-1072%
instead indicated thallium concentration 9,5 - 1 07%% in
studied Cs IT1 105 crystal. 400
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Fig. 4. Pulse height spectra of Cs:IT1(1) and CsiIT1103 (2)
crystals coupled to photodiode Hamamatsu S3590-08. Size

50 - of scintillators are 1 Ox1 Ox1 Omm

Table 1.

46 4 Scintillation and luminescent parameters for crystals of

different composition

20 1 Parameter | CsdT1|CsdT]LCO,[CsIT]10,| Note

Cp=9-102%%

" | | . . TR, Y0 100 100 91

0 40 500 00 W 3 [am] pL, Yo 100 100 92
Fig. 3. Spectra of radioluminescence for CsI: T1 (1) and L, % 100 100 92 PMT
CsI: T1, 103 (2) crystals with the same thallium 100 100 90 PD
concentration. T = 295K. R % 5,8 5,8 5,8 PMT
’ 4,8 4,7 4,8 PD

Secondly, the luminescence intensity for CsIT] 105 Crn=49-101%

crystals is lower and this decrease is greater, the greater 1re, % 100 100 91
the concentration of 103 ions in crystal lattice. At 100 100 92 PMT
dopant concentration of C; ~ 210 *% the luminosity L% 100 100 90 PD
Mg 1S lower by 8-10% relative to the yield of CsiTl 58 58 58 PMT
crystal. Value of the 7y, has been determined as a R, % 4’8 4’7 4’8 PD
square under curve 2 on Fig. 3 before its normalization oy 0,’69 O,’72 05’77 PMT

if the luminescence is presented as J vs hv (emission
intensity on photon energy).

Analogical decreasing of the yield is observed for
photoluminescence too. At excitation in A-band of
activator absorption (A =299 nm) the luminosity 7,y is
also lower by 8-10 % relative to the reference.

For the convenience of comparing crystals of different
impurity composition data on the values of 15, and npy,
are summarized in Table 1 as well as the results on light
yield and energy resolution.

Spectrometric characteristics. Pulse height spectra are
presented in Fig. 4 for crystals of two types. As it seen
from the data of curve 2 in this figure the position of full
absorption peak is shifted to low energy side for

Radiation hardness. First of all it should be noted that
CsiIT] 105 crystals are photo-stable, i.e. when stored in
the day light pink color does not occur. Radiation
hardness of CsIT] 105 crystal was studied on samples
of 2.5%2.5x4 cm’ size relative to the reference. For this
test the samples were cut from initial part of ingot where
the Cr slightly increase from 0.096 to 0.134 %. As a
reference, the CsiIT]CO; scintillation material was
chosen because this crystal is the most accessible, its
radiation hardness satisfies most technical applications
[22, 23], and the material homogeneity allows one to
make long samples. Data on radiation hardness are
shown in Table 2. As it seen, the irradiation with doses




of 10 and 100 Gy results in the negligible decrease of
light yield AL/L, for the Cs:ITLIO; scintillation
material. Such decrease even less than for the reference.
Taking into account that formal requirement [23] to the
light yield degradation is (AL/Ly, < 2 (%), it can be
concluded that radiation hardness of CsIT] 105 crystal
is quite satisfactory and exceeds the y-irradiation dose
of 100 Gy.

Table 2.
Radiation hardness for crystals of different composition

o/y-ratio increases with the growth of the Cyy, therefore,
the obtained result at first glance seems obvious. It
should be noted, however, that the distinctive feature of
CsiIT] 105 crystals is a good energy resolution at y-ray
detection as well as o-particle.

Counts

1500
Csl:T1,105 with 0.49 % of TI

241 Amy; 60 ke

Scintillation material AL/Ly, % 10007 / WCs: 662 keV
type | Cq Before | 10 Gy [ 100 Gy
Samples of 2.5x2.5x4 cm” size
CsiTl 0.094+0.015 0 7 12
CsiIT]CO; 0.11 0 8 15
CsiIT]I05; | 0.115+0.015 0 6 12
CsiIT] CO4 0.35 0 14 34 o . . . . \ ,
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Sample of @6.3x20 CM3 size e el ¢ ceL Tl Ch(:lnlrlei1r1;.|mbecrl
Fig. 5. Pulse height spectrum of CsI: Tl crysta an
CsdT1105 | 0.11-0,38 | 0 | 7.5 | 15 Csl: T1, 103 (2) with C; = 0,49 % coupled to Hamamatsu

Crystals with Cq~ 0.49 %. For heavily doped
CsiIT] 105 crystals, first of all, the radioluminescence
spectra were studied. It turned out that for such crystals,
regularities similar to those described above are
observed. The maximum of emission spectrum for
CsiIT1105 crystals is shifted towards short wave-
lengths, similarly to the data in Fig. 3. The intensity of
emission and the luminosity ng; for Cs:IT] 105 material
is 8-10% lower compared to Cs:T1crystal, see data in
Table 1. The luminosity 1, remains constant with Cp
increasing up to 1% for CsiIT] 103 crystals with the
C; ~2-10%%.

The spectrometric characteristics were measured on a
sample of 2.5x2.5x4 cm’, this size corresponds to proto-
type in FAZIA project [8]. Polymer paper Tyvek served
as a reflector, the immersion layer was created with
SKTN rubber, and a "red” PMT Hamamatsu R669 was
used as a photoreceiver. Pulse height spectrum of
CsiIT1105 crystal with Cy ~ 0,49% is presented on
Fig. 4 as a curve 2. Curve 1 corresponds to standard of
the same size. As it seen from the data of figure the
position of full absorption peak is shifted to low energy
side for CsIT] 105 crystal relative to the reference. The
light yield decrease for heavily doped crystals consists
about 8%. Despite the smaller light yield, the energy
resolution does not deteriorate and amounts to the same
6.3% as for a reference sample of a similar size.

Alpha to gamma ratio. Quality of scintillation material
to detecting the charged particles wusually is
characterized by the a/y-ratio [24], that means specific
light yield of alpha-particle divided on gamma-ray one.
Experimental technique for o/y-ratio measurement is
described in detail in Ref. [24]. During sample
preparation the recommendations of [6, 24] regarding
the relaxation of the surface damaged layer were taken
into account. It turned out that the a/y-ratio for
CsiIT] 103 crystals with Cy ~ 0,49% corresponds to
the best values given in [24]. It is well known that the

R669 photomultiplier. Size of scintillator is 2. 5x2. 5x4 cm.

Radiation hardness of Cs:IT] 105 crystals was studied
on samples of two types. The first type, 2.5%2.5x4 cm’
in size, corresponds to the supposed detection elements
for the prototype in the FAZIA project [8], and the other
type — @6.3x20 cm’ — to the maximum size in our
experiments. The samples were cut along the growth
axis; therefore, the Cr distribution on the height was
non-uniform, the values of thallium concentration in
bottom and the top of the sample are indicated in Tab 2.
Degradation of light yield after irradiation with doses of
10 and 100 Gy is presented in Tab 2 for heavily doped
crystals. It can be concluded from the data of table that
radiation hardness of heavily doped Cs:T]I0; crystal
do not interior to standard.

DISCUSSION

So, it is shown that activator concentration in the
CsiIT1105 scintillation material can be increased up to
0.49%. This value is three times the allowable
concentration in CsITI crystal. The resulting heavily
doped crystals are not inferior to the standard in energy
resolution and exceed it in the values of the a/y-ratio.
Note also that the measured spectrometric characte-
ristics are stable over time.

It is well known that the decay of a solid solution can
be significantly slowed down by the introduction of
stabilizer impurities [13, 14]. An idea of this approach is
that part of the activator is bound in complexes with the
dopant. In crystals with isovalent impurities, complexes
arise due to the elastic interaction of partners. Stable
complexes are formed if the elastic stresses around the
constituent ions have opposite signs. This situation is
typical for TI' cations and 103 anions. The ionic radius
of TI' is equal to 1.47 A and differs from that of Cs*
(1.67 A) by 12%. The ionic radius of the impurity anion
103 is 2.4 A, which is 8.3% more than the size of the
base anion I~ (2.2 A). Therefore, in the case when the



TI" cation and 103 anion occupy the neighboring sites
of the crystal lattice, local compensation of the elastic
energy occurs. A schematic representation of such a
mutual arrangement of impurity ions is shown in Fig. 6.

Fig. 6. A schematic representation of interacting ions of the
TI* and 103 in the unit cell of CsI crystal lattice.

Experimental confirmation of this statement is shown
in Fig. 7, which shows the change in the vibration
absorption of the molecular anion 103 in the Cs lattice
[25]. At a temperature of 4 K, according to the data of
[25], in the IR spectrum of Cs lcrystal containing 103
ions, two absorption bands are observed at 785 and 800
cm', which are associated with symmetric and
asymmetrical stretching vibrations of this ion (curve 1
in Fig. 7). This ion looks like a flattened pyramid, in
which the I - O bond length is equal to 1.81 A, and the
angle between the I — O bonds is 97°, with point sym-
metry Csy [18]. If it is embedded in the body centered
lattice instead of halogen so that its C; axis coincides
with the <I;1;1> direction of the cell, then its local
symmetry does not decrease, and the degeneracy is not
removed from E type oscillations.
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Fig. 7. Infra red absorption spectra of CsI:10; (1) crystal and
CsI:TLIOs (2) at 4K [25]

It can be seen from analysis of data on Fig. 7 that after
the introduction of thallium, the absorption spectrum is
modified (curve 2), new bands appear that are
associated with the formation of the TI'.. 103
complexes. Analysis of the spectra and identification of
the absorption bands led the authors [25] to conclude
that the TI" cation occupy two places relative to the
molecular anion. The activator can occupy a position
along the C; axis (two positions without symmetry
breaking, see Fig. 6), or in other neighboring nodes,

which leads to the lifting of the degeneracy due to the
symmetry breaking.

Thus, the assumption that the iodate ions form
complexes with an activator gets its experimental
confirmation. Due to this the elastic energy of the lattice
is reduced, solid solution becomes isomorphic,
segregation coefficient increases and solid solution of
thallium in Csl acquires stability.

Now consider the second feature of CsiIT]I10;
crystals: — lower light output. Since the decrease in light
output is directly associated with a decrease in
luminosity (i.e. the yield of emission at intracenter
excitation, see data about 77,, n 77z, in Table 1) it can be
assumed that part of activator centers passes from the
excited state to the ground state without emission. It is
reasonable to assume that the quenching centers are
TI' ... 103 complexes. Since the number of such
complexes should increase with the C; increasing, the
light yield should decrease in proportion to the C;.
Indeed, both the luminosity and the light yield decrease
with C; increasing. However, when growing Cs 1T] 105
crystals with different contents of iodate ions, a curious
feature was found.

Special experiments have established that the content
of 103-ions in crystal lattice depends to a decisive
extent on the partial pressure of oxygen above the melt.
The dependence of C; on the partial pressure of O, has a
threshold character, as can be seen from the course of
curve 1 in Fig. 8. Under our crystal growth conditions,
the threshold pressure was ~2.1 kPa. If the partial
pressure of oxygen was less than the specified value, the
resulting ingot did not contain 103 ions. For such ingots,
the presence of C 0§~ ions was typical. Concentration of
carbonate ions was about (2 —4)-10%% which is
characteristic for scintillation material Cs:T]C O; [26].
It is known that such amounts of impurities do not lead
to the deterioration of the spectrometric characteristics
of activated crystals [27].
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Fig. 8. Concentration of 103 ions (1) in crystal lattice and
light yield (2) of grown crystals on oxygen partial pressure
under the melt

If the oxygen pressure exceeded the threshold value,
the grown ingots were dyed with iodine and contained
I03 ions, the concentration of which increased in
proportion to the O, partial pressure. In the area above
the threshold there is a decrease in light yield. From the



data in fig. 8 it follows that there is a clear dependence —
the larger the C;, the smaller the light yield in the region
above the threshold.

The existence of a clear correlation between the
concentration of iodate ions and the decrease in light
yield is a strong argument that the TI' ... 103 complexes
are quenching centers. However, the concentration of
such complexes is too low. Thus, thallium concentration
usually is equal to 1000 ppm while the concentration of
iodate ions (sufficient to drop the light yield by 10%) is
2 ppm. Therefore, we believe that in Csl crystals there
are quenching centers, the concentration of which is an
order of magnitude greater than the C;.

It is known that alkali-halide crystals grown in air
usually contain oxide (0%7), peroxide (0%7), and supra-
peroxide (03) oxygen ions. Bivalent anions in the Csl
lattice manifest themselves by the blue emission of an
anion vacancy, however, such emission is not observed
in Cs 1105 crystals [28]. According to [14], monovalent
O3 anions can play the role of quenching centers since
their characteristic luminescence is not observed in
sodium and cesium iodides. This question is the subject
of further research.

The disadvantage of the proposed material is that the
crystal growth is carried out in the reaction gas
atmosphere. When growing such crystals by pulling on
the seed, gas evolution at the melt leads to formation of
bubbles and the capture of gas inclusions by the
crystallization front. In the resulting crystal the gas
channels are clearly visible, which leads to defective
ingots.

CONCLUSION

The effect of 103 ions on spectrometric characteristic
of Cs Tl crystal has been considered. It has been shown
that co-doping of Cs IT] crystal by 103 anions permits
to obtain clear ingots with increased thallium
concentration up to Cr; ~ 0,9 mole % in which the
concentration quenching of photo- or radioluminescence
do not observed. It has been shown that the decay of
solid solution in Cs:ITLIO5 crystals is not observed, at
least up to Cty ~ 0.5 mole %, as evidenced by a good
energy resolution (R = 6.3%) of samples with the
specified Tl concentration and this also evidenced by a
larger segregation coefficient of thallium in CsIT]10;
crystals (k = 0,2 4contrary to k = 0,1 9in Cs IT)).

An explanation of thallium solid solution stability in
Cs I matrix has been proposed which based on
experimental fact of TI'.. 103 complex formation.
Compensation of elastic stresses of opposite sign due to
complex formation results in preventing of nucleation
for solid solution decay.
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CunMHTUISIIHHI XapaKTepUCTUKU CUIbHO JieroBannx kpucraiaiB CsI: TLIO;

O.JI. HInununcwvka, O.M. Kyoin, JI.M. Tpeghinosa, /I.1. 30cum

Posrisinyto BruiuB aHioHiB 103 Ha cnekrpomerpuuHi xapaktepuctuku kpuctanis Cs ITL TTokazano, mo ieryBaHHs
kpuctani Cs ITlionamu 103 mo3Bosisie OTpUMYBaTH MPO30Pi 3MUTKHU 31 30LIBIIEHOI0 KOHIIeHTpami€eko Tamio (10 Cr
~ 0,9%), KOTpi HE MalOTh O3HAK KOHLEHTpaliiiHOro racinHs ¢oro- Ta paaiomominecueHii. [Tokazano, mo posnaz
TBepaoro po3unny B kpuctanax CsIT]10; He cnocrepiraerses, nmo kpaitniid Mipi, 10 Cr ~ 0,5%, npo 1o cBig4arh
BUCOKHMI CBITJIOBHH BHXiJ, XOpOIlIE €HepreTndHe po3aiteHHs (R = 6,3%) 3pa3kiB 31 BKa3aHOIO KOHIEHTPALIEIO i
Oinpmmii  KoedimieHT posmoxiny Tamito y kpucrtamax CsiATLIO; (k=0,24 mporm k=019 y CsiT).
3anpoIOHOBaHO MOSCHEHHs OiNBII BUCOKOi cTabinmbHOCTI TBepaoro posunny T B marpumi Csl, sike GasyeThes Ha
¢dopmysanni kxommiekcie TI" — 103. KommeHcamis NpyKHHX HampyXeHb HPOTHJIEKHOTO 3HAKY BHACIIIOK
B3aemoii karionis TI" i amionis 103 3amo6irac CTBOPEHHIO 3apOKIB PO3MAy.

CUMHTU/UIAIMOHHBIE XaPAKTEPUCTHKHU CHJIBHO JIerHpOBaHHbIX KpucTa/LI0B CsI: TLIO;
AJL Hnununckan, A.M. Kyoun, JI.H. Tpegunosa, /I.H. 3ocum

Paccmotpeno BiusiHue annoHoB 103 Ha ciekTpomerpuueckue xapakrepuctuku kpuctamioB Cs T L TTokasa-
HO, uTO JerupoBanue kpuctamioB Cs:IT 1 uonamu 103 mo3BossieT MOdy4aTh MPO3pPAYHBIE CIUTKHU C YBEITUICHHON
KoHneHTparen Tammust (1o Cr ~ 0,9%), KoTopsle He IMeeT IPU3HAKOB KOHIIEHTPAIIMOHHOTO TYIIEHUS (OTO- U
panuoaroMuHecIieHIny. [Toka3aHo, 9To pacmaz TBepaoro pacrsopa B kpucramiax Cs:TL 105 ve nabmromaercs,
no Kkpaitner mepe, 10 Cry ~ 0,5%, 0 UeM CBUIECTENBCTBYET BBICOKUN CBETOBOW BBIXOJ], XOPOIIEE SHEPTeTUUECKOE
paspemenre (R = 6,3%) o0pa3lnoB ¢ yka3aHHON KOHHEHTpauued u Oombmnii KodpdUIMEeHT pacnpeaeneHus
tayumst B kpuctaimiax CsiIT110; (k= 0,24 npotuB k = 0,19 B CsiIT)). Ilpennoxeno oOwbsicHeHue Oonee
BBICOKOW CTaOMJIBHOCTH TBEPAOTO pacTBopa Tammus B Matpure Csl, kKoTopoe OCHOBaHO Ha 00pa3oBaHHUU
xommiekcoB TI" — 103. KommeHcamus ynpyrux HampsyKeHWH NPOTUBOIOJIOKHOTO 3HAKA BCIEICTBHE
B3auMoeicTBusa KaTnoHoB T 1Y u anmonos 103 mpemoTBpamaeT 06pa3oBaHUe 0YarOB pacasa.



