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LASER-INDUCED CHANGES IN THE OPTICAL
CHARACTERISTICS OF AMORPHOUS FILMS OF THE
As-Sb-S SYSTEM

Abstract. The optical transmission spectra of amorphous AsxSbxSeo films with
small antimony content (x=0, 0.8, 1.6, 4, 6) prepared by the thermal evaporation of
glasses of corresponding compositions have been measured over the whole 400-
750 nm spectral range. It is established that the laser irradiation and annealing of films
leads to an absorption edge shift into the long-wave spectral region. The values of
pseudoforbidden gap width Eqand refractive index n of films have been determined.
The parameters of a single-oscillator model (oscillator energy Eo, dispersion energy
Eq, and effective coordination number per cation N¢) for the studied films are esti-
mated. The maximum changes in optical characteristics are found for AszsSbaSeo
films. Changes in the optical parameters of films are caused by structural transfor-
mations taking place in them under the irradiation and annealing.

Keywords: chalcogenide amorphous films, transmission spectra, photoinduced ef-
fects, optical properties, structural transformations.

Introduction

Due to the broad spectrum of photo-in-
duced phenomena, chalcogenide glass-like
semiconductors are widely applied as the me-
dia for information recording, fabrication of
surface relief structures, optical sensors, wave-
guides, etc. [1-15].

As inorganic photoresists with high re-
solving power, amorphous films of As-S-Se
system are most widely used in systems of
optical recording of information and holog-
raphy [2, 4-7, 11, 16-18]. In the thin layers of
such materials, the structural transformations,
which are accompanied by essential changes in
optical parameters, occur under the action of a
laser emission or a thermal heating. In this
case, the level of structural transformations is
determined by a chemical composition of
amorphous films and the conditions of fabrica-
tion, heating, and irradiation. In this aspect,
As40.xShxSeo amorphous films
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are not practically studied. Earlier, we revealed
[19] that under the same conditions of expo-
sure of as-prepared films of the given system,
the film AszsShaSeo is characterized by the
highest level of photoinduced changes in
optical parameters (shift in the absorption
edge, changes in the pseudoforbidden gap
width Eg and the refractive index n). However,
in that work, the films with x=0, 4, 6, 8, and 10
were investigated. The films with 0<x<4 were
not considered, though the compositions of
films with a high level of changes in optical
characteristics are, possibly, present just in this
interval of concentrations.

In the present work, we describe the re-
sults of studies of the influence of a laser irra-
diation on the transmission spectra and,
respectively, the optical parameters of
As40xSbxSeo amorphous films with low content
of antimony (x=0.8, 1.6, 4, and 6).
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Experimental

As40xShxSeo (0<x<6) glasses were pre-
pared using the vacuum melting method
(~0.01 Pa) of the corresponding mixture of
As>S3 and Sh,Ss components. Arsenic and an-
timony sulfides were produced by means of the
direct synthesis from high pure As, Sb, and S.
During the synthesis, we applied the stepwise
increase in temperature. The homogenization
temperatures for melts of As;Ss and Sh,S3
were 780 and 870 K, respectively. The homog-
enization time of melts was 48 h. The melts
were periodically mixed. Cooling of melts was
performed in the regime of a switched-off fur-
nace. Under the such conditions of cooling,
As>S3 and Sh>Ssz were obtained, respectively,
in the form of a glass and a polycrystalline in-
got. Similarly, As4-xSbxSeo glasses were pro-
duced. The homogenization temperature for
As40.xSbxSe0 melts was 780-830 K, and the ho-
mogenization time was 36 h. Cooling of melts
was carried out in air.

As40xShySeo thin films were produced on
unheated glass substrates by means of chalco-
genide glasses vacuum evaporation of the
corresponding compositions from quasi-
closed effusive cells on improved vacuum
setup BVYII-5 equipped with a thickness
control system. The thickness of films was
~1 um. Constancy of layer thickness in the
working zone was ensured by the planetary ro-
tation of substrates.

The transmission spectra were studied in
450-750 nm range at room temperature using
a diffraction monochromator MJIP-23. The
spectral resolution was no worse than 102 eV.
Light exposure of films was carried out using
defocused semiconductor laser (A=530 nm)
with a power 100 mW.

Results and discussion

In Figs. 1 and 2 we show the transmis-
sion spectra of Aszg2ShosSso and As3sShaSeo
amorphous films, which are typical for all
studied materials. It is seen that, as antimony
content in film composition increases, the ab-
sorption edge shifts some to the long-wave
spectrum part, indicating a decrease in their
pseudoforbidden gap width E; . In this case,

the edge slope is practically unchanged. This
means that the type of structural matrix of

As-Sb-S system films is unchanged at the tran-
sition from AsS3 to Sh,Ss.
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Fig. 1. Dependences of the transmission spectra in-
herent to Assg2Sho sSeo films on the exposure time:
1-0;2-1;3-3;4-5min.

The structural studies of glasses and
films of AszS3-Sh.Ss system with Sh,S3
content up to 60 mol.% by methods of vibra-
tional (Raman and Infrared) spectroscopy [6,
11, 20- 23] showed that they have the nanohet-
erogeneous structure. Their matrix is con-
structed mainly of trigonal AsSz and ShSs pyr-
amids linked through a common twofold coor-
dinated atoms of sulfur and contains also a
considerable number of structural fragments
with homopolar bonds As-As and S-S (e.g.,
AS4Sa, Sn).
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Fig. 2. Dependences of the transmission spectra in-
herent to AszsShaSeo films on the exposure time:
1-0;2-1;3-3;4-5min.

The concentration of such fragments
(which depends on the chemical composition
and technological conditions of preparation) in
films is higher. No structural units with
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homopolar bonds Sb-Sb were found in the
studied materials.

120

350

300

-1/2

172
cm eV

172

250 |

_

(ahv

200 |
Iy

2.8

hv,eV

Fig. 3. Dependence of the absorption edge position
on the photon energy for Assy 2Sho.sSeo (a) and
As35ShaSeo (b) films unexposed (1) and exposed
(2—4)for1(2),3(3),and 5 (4) min.

The value of E¢ can be determined from
the Tauc relation [24]
2
B(hv-E
s
14

where ¢ (hv) - the absorption coefficient, hyv

- the photon energy, B is a constant, which
depends on the film material and characterizes
the slope of Tauc absorption edge. Relation
(1) is correct in the high-energy region for
a(hv)>10* cm™. The values of E_ for Ass.

xSbxSeo films were determined via extrapola-
tion of [oc(hv)hv]u2 ~ f (hv) dependences
to a(hv) =0 (Fig. 3, curves 1). For films with

x=0, 0.8, 1.6, 4, and 6, the pseudoforbidden
gap widths are 2.376, 2.354, 2.349, 2.334, and
2.324 eV, respectively. We note that the value
of E, determined by us (Table 1) for AssoSeo

film is in good agreement with that adduced in
[24] (2.38 eV).

As the content of antimony in film com-
positions of As-Sb-S system increases, the
pseudoforbidden gap width decreases (Table
1). It is worth to note that the values of Eq4 de-
termined in our work for as-prepared films of
AS10Se0, AS36SbsSeo, and AS3aShsSeo are
slightly different from those in [19] for the
same compositions. This difference is related,
apparently, to some distinctions in the deposi-
tion processes of films and their thicknesses.

a(hv)=

Table 1. Dependences of Eq and n for Ass0xSbxSeo films on the exposure time

T, Min Parameter Composition
’ ' AS39.25b0.8Se0 As33.45b1.6S60 As36Sh4Seo As34SbeSeo
0 Ey, eV 2.354 2.349 2.334 2.324
n 2.275 2.284 2.366 2.442
1 Ey, eV 2.308 2.309 2.264 2.276
n 2.323 2.316 2.430 2.496
3 Eq, eV 2.292 2.305 2.262 2.270
n 2.332 2.320 2.442 2.508
5 Eq, eV 2.287 2.297 2.260 2.267
n 2.340 2.326 2.448 2514

The influence of technological factors on
the properties of chalcogenide materials is tes-
tified also by the studies of the pseudoforbid-
den gap width for glasses of As;S3-Sh,Ss3
system produced under different conditions.
For example, for Asao-xSbxSeo glasses with
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x=0, 8, and 10 that were synthesized in the re-
gimes used in this work, the values of E4 are
2.41, 2.255, and 2.215 eV, respectively [25].
For glasses with the same compositions that
were produced by hardening of melts homog-
enized at 1173 K for 48 h in water, the values
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of Eg are equal to 2.23, 2.13, and 2.105 eV
were presented in [23].

The refractive index of films was deter-
mined from the relation [26]

n:[N +(N2—SZ)MTI2 (2)
where
T 2
N = 26 Toa ~Ton | S+ g
Tmax 'Tmin 2
n
32+ 3 !
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Fig. 4. Dispersion of the refractive index (a) and
the dependence of (n2- 1)-1 on hv2 (b) for
As40-xShxS60. films x, at.%: 1-0;2 - 4; 3 -6.

In these formulas, s is the refractive in-
dex of a substrate; Tmax and Tmin are the inter-
ference maxima and minima of the transmis-
sion spectra in the wavelengths region, where
there is no dispersion of the refractive index.

The values of n for Assg-xSbxSeo films de-
termined at A=700 nm are given in Table 1. It
is seen that the refractive index increases with
growing of antimony content in film
compositions.
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The dispersion of refractive index of
As40xSbxSeo films is shown in Fig. 4, a. In
transparence region (A>600 nm), we see the
normal spectral behavior of n, which indicates
the absence of absorption bands in this spectral
region. The absorption effect is accompanied
by a sharp increase in the refractive index. As
the Sb content in film compositions increases,
the dependences n()) like the spectral depend-
ences of absorption effect shift to the long-
wave spectral region.

In the transparent region the dispersion
of n is well described within the single-oscilla-
tor model [27, 28]:

n2 (hV) =1+ % )
E; —(hv)
where Eo and Eq are the parameters of the one-
oscillator model (Eo is the energy of an effec-
tive oscillator related to the average energy
gap; E, is the dispersion energy, which char-

acterizes the intensity of interband transi-
tions), v is the frequency, at which n is meas-
ured. The film parameters Eo and Eq were de-
termined from the linear dependences

[n?(hw)-1] "~ f (hw)® (Fig. 4, b) by the

slope of (EoEq)™ and the intersection of Eo/Eq
with the ordinate axis.

The calculations showed that, as the an-
timony content in film compositions increases,
the oscillator energy Eo decreases from 4.82
eV for Ass0Seso down to 4.68 eV for As3aSbeSeo
(Table 2). The dependence of Egon x (within
the measurement errors) is close to a linear
one. The similar concentration dependence is
obtained also for the pseudoforbidden gap
width Eg determined from the spectral depend-
ence of film absorption edges. Such symbatic
changes of Eo and Egwith the composition be-
comes clear, if we consider the fact that the re-
lation E¢~2Eg is valid for the non-crystalline
chalcogenide materials [28].

In the studied concentration range, the
composition dependence of Eq is close to a lin-
ear one. In this case, the dispersion energy of
as-prepared Ass0-xShxSeo films changes very
slightly, as the composition is varied (Table 2).
Minimum value of Eq is found for AszsShaSeo
film. We note that the measured
dispersion energy of arsenic sulfide amorphous
film is in good agreement with the values of Eq
in [7, 28, 29]. For example, the value of Eq4 for

(4)
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As40Seo film is equal to 20.61 eV [29]. Earlier
[11], while studying the optical characteristics
of As40Se0-+Sex films we determined the value
Eq=20.52 eV for AssSeo. Such insignificant
difference in the values of Eq for AsoSeo films

obtained by different authors is caused by tech-
nological factors and, as a consequence, by dif-
ferences in their structures. The value of Eq for
SbaoSeo film determined in [30] is equal to 21.3
eVv.

Table 2. Parameters of the single-oscillator model for AssoxShxSeo films

Composition Eo (eV) Eq(eV) Nc
AS40Se0 4.82 19.66 2.80
AS39.2Sbo.8S60 478 19.40 2.76
As38.4Sb1.6S60 4.74 19.24 2.74
As36Sb4Se0 4,70 18.81 2.67
As34SbsSe0 4.68 19.06 2.71

According to [27, 28], the parameter Eq
obeys the simple empiric relationship

Ed :ﬁNcZaNe . (5)

Here, f is a constant equal to 0.37+0.04
eV for covalent materials; N¢ is the coordina-
tion number of the cation nearest neigbour to
the anion; za is the formal valency of anion;
and N is the effective number of valence elec-
trons per anion..

Taking za=2 for sulfur in AssxSbxSeo
films with 0<x<6, we get the coordination
number N=2.67-2.80 (Table 2). The value
N¢=2.8 determined by us for AsoSeo film dif-
fers from the coordination number value for
the film with the same composition in [29]
(Nc=3.0).

For as-prepared AssoxSbyxSeo films
(0<x<6), no change in dispersion energy Eq is
practically observed. Moreover, like for Eg, we
found an insignificant deviation from the addi-
tivity on the concentration cut
As>S3-Sh2Ss. This becomes clear, if we take
into consideration that As>Ss-Sh»Ss system is
pseudobinary (a continuous series of solid so-
lutions is formed in it). Arsenic and antimony
belong to the same group of the Periodic Table,
and the values of formal chemical valency for
them in stoichiometric compounds As»Sz and
Sh»Sz are close to 3. In addition, the production
conditions for
As40xShxSeo films with a low content of anti-
mony, like those for glasses with the
corresponding compositions, are practically
identical. Therefore, the average values of
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coordination numbers of cations in studing ma-
terials are very close.

As mentioned above, the structure of
As40xSbxSeo glasses and films is mainly deter-
mined by AsSsz and ShSs trigonal pyramids.
However, it includes also a significant amount
of structural fragments with homopolar bonds
As-As and S-S. For example, in glassy AszSs,
the equilibrium concentration of homopolar
bonds, which is “frozen” in hardening process
of melt at the temperature 463 K, is 2.7-10% m-
3[31]. The value of N¢ (2.8) obtained by us for
As40Seo film is essentially lower than for the
glass with corresponding composition (3.2
[27] and 3.74 [32]). Such difference in values
of N¢ is caused by distinctions in the structure
of film and massive glasses. The structural net-
work of films contain a significantly larger
number of fragments with homopolar bonds
As-As and S-S. The concentration of such
bonds in arsenic chalcogenides films, accord-
ing to [2, 7, 11, 32, 33], is 30-32 %. Just this
reason is a cause for lower values of the coor-
dination numbers of films.

At laser illumination of films, the ab-
sorption spectra shift to the long-wave region
(Figs. 1 and 2, curves 2-4). It occurs
photodarkening of films. At the same
conditions of exposure, this shift in Asaso.
xShxSeo films is significantly larger than in
As40Seo film. For example, the absorption edge
shifts (AE) of films with x= 0.8, 1.6, 4, and 6
on the transmission level 0.2 at irradiation for
1 min are 0.047, 0.057, 0.098, and 0.76 eV,
respectively. For AssSeo film AE is 0.018 eV.
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This testifies to a higher light sensitivity of Sb-
containing films compared to As40Seo.

The wvalues of Eg for irradiated
As40xShySeo films calculated from depend-

ences [oz(hv)-hv]l/2 ~ f (hv) (Fig. 3, cur-ves

2-4) are given in Table 1. It is seen that Eg de-
creases at laser irradiation. In this case, the
largest and the smallest changes in the
pseudoforbidden gap width are found, respec-
tively, for AszeShaSeo and AssoSeo films (at the
irradiation for 1 min, AEg for AssSeo equal
0.025eV).

The refractive index of films increases at
the irradiation. For example, the value n at
A=700 nm is 2.43 (An=0.064) at the irradiation
of AszsShaSeo film for 1 min. For the other
studied films of As2S3-Sh2S3 system under the
same conditions of exposure, the value An is
less (for Aszg.2ShosSeo and AszaShsSeo films,
the values An are 0.048 and 0.054,
respectively).

We note that the largest absorption edge
shift and changes in Eg and n are observed at
small irradiation times. The level of
photoinduced changes of given film
parameters essentially decrease, as the light-
striking increases.

Changes in optical characteristics of
As40xSbxSeo  amorphous films (the shift of the
absorption edge in long-wave spectral region,
decreasing of Eg, increasing of n) are caused by
structural transformations, which occur at laser
irradiation. Similar changes are caused in
chalcogenide glassy semiconductors at high-
energy irradiation [32-36], with the only
difference being that due to a high penetrating
ability the optical properties are better
expressed in massive glassy samples. There is
a certain difference in the photo- and radiation-
induced changes, however, the mechanisms of
action of light and high-energy ionizing
radiations on chalcogenide glassy
semiconductors are similar [11, 32, 33].

The matrix of Ass0xSbxSeo amorphous
films, like the matrix of glasses of the
corresponding compositions, is mainly con-
structed of pyramidal units As(Sb)Ss con-
nected with one another by S atoms. We re-
vealed
no molecular fragments with homopolar bonds
Sb-Sb in it. But the structural groups with
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homopolar bonds As-As and S-S are present in
a large amount. The higher level of
photoinduced changes in optical parameters
(AE, AEg, An) of Asa0-xShxSeo films of the stud-
ied compositions, as compared to As40Seo, Can
testify to the higher level of disordering of the
structural network due to the higher content of
molecular fragments with homopolar As-As
bonds in it.

The irradiation of films leads to the
breaking and switching of bonds As-As and S-
S in structural fragments of AssSs and Sy type,
which are present in a larger amount in the ma-
trix of as-prepared films, with the formation of
structural units with heteropolar bonds As-S
(AsS3)[7,11, 19, 37]. The destruction of some
chemical bonds and the appearance of another
ones is accompanied by the generation of a
particular type of structural defects with over-
and subcoordinated atoms of arsenic (Asz” and
Ass*) and sulfur (Ss* and S1) [6, 11, 19, 32,
37]. At the breaking of homopolar bonds As—
As and S-S, the pairs of coordination defects
(As27, Ss") and (Ass*, S1’) are formed.Then the
charged defect states are transformed (relax)
into the structure of pyramidal AsSsz units. The
possibility for the metastable pairs of coordi-
nation defects (As2*, S1’) to participate in these
processes cannot be excluded [36]. The
defectless photopolymerization of molecular
fragments of Ass:Ss and S, type into the
structural network AsSzy. is possible as well [2,
11, 37]. However, such transformations are
possible only at a high concentration of initial
molecules. Indeed, they can run, if, at the sim-
ultaneous breaking of two homopolar bonds
As—-As and S-S, all four atoms are in the posi-
tion that is suitable for the formation of two
heteropolar bonds As-S, whereas the genera-
tion of a pair of charged defects (As.", S3*) or
(Asa™, S1’) requires that the given condition be
satisfied only for two atoms. In this connec-
tion, the probability of such polymerization
process for a film under its irradiation is signif-
icantly higher. It is obvious that the defectless
polymerization process of the film dominates
in the case of thermoexcitation [6, 7, 32], since
the probability for the atoms of the structural
skeleton to migrate increases.

With the aim to ascertain the influence of
temperature on photoinduced changes in
optical characteristics, we studied the
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transmission spectra of films AszsShaSeo and
As31ShsSeo annealed at 423 K for 1 h. The
choice of films with just these compositions is
determined by the fact that they are character-
ized by the highest level of photoinduced
changes in optical parameters.
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Fig. 5. Dependences of the transmission spec-
tra of the as-prepared AsszsShaSeo (1) and an-
nealed at 423 K (2-5) films on the exposure
time:

2-0;3-1;4-3;5-10 min.
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In Fig. 5 (curve 2), we show the trans-
mission spectrum of As3sShaSeo annealed film.
It is seen that compared to the spectrum of as-
prepared film (Fig. 5, curve 1), it is shifted to
the region of larger wavelengths. In this case,
the absorption edge shift AE is 0.036 eV. For
As34SbeSeo film this parameter is less (0.029
eV). This means that the pseudoforbidden gap
width decreases at annealing. For annealed
films AszsShaSeo and AszaShsSeo, the values Eq
are 2.296 and 2.290 eV, respectively. The re-
fractive index of films increases at annealing.
For the annealed films of given compositions,
the values n determined at A=700 nm are 2.412
and 2.480.

Like in the case of laser irradiation, the
changes in optical characteristics of films at
annealing are caused by the structural transfor-
mations. At the thermoexcitation, the breaking
and switching of homopolar bonds As—As and
S-S and the formation of structural units AsS3
happen in structural fragments AsSs and S,
which participate in the construction of the ma-
trices of films. As was mentioned above, the
thermopolymerization of molecular fragments
AsS4 and Sy into a structural network of AsSs,
type occurs by the defectless (dominant)
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mechanism and with the formation of
structural defects Asy’, Ass*, S3*, and Si1™ [11,
32, 33, 37].

In Fig. 5 (curves 3-5) the transmission
spectra of AszsShsSeo film irradiated after an-
nealing is given. Like in the previous case, the
spectra are shifted to the long-wave spectral re-
gion at laser irradiation. It is seen that the ab-
sorption edge shift and, respectively, the
change in Eq under laser radiation are signifi-
cantly less in the annealed film than in the as-
prepared one (Fig. 2, a). A change in the
refractive index is less as well. For example, a
change in Eg for as-prepared AszsShaSeo film
after the irradiation for 1 min is 0.07 eV. For
the annealed film, this value is equal to
0.032 eV. Changes in the refractive index of
the annealed films under the irradiation are
also less (0.064 and 0.028, respectively). In
As3sShsSeo, annealed films the levels of
photoinduced changes of E; and n are also
lower (AEg =0.028 eV, A n=0.025).

The lower level of photoinduced changes
in optical characteristics of annealed films tes-
tifies to a lower level of photostructural trans-
formations in them. This is caused by that the
matrices of films after the annealing contain a
much less number of structural fragments with
homopolar bonds As-As and S-S, which can
be polymerized under the laser irradiation.

This conclusion is confirmed by the re-
sults of studies of the refractive index disper-
sion and calculations of parameters Eo, Eq, and
N¢ for films As3sShaSeo and AszaSbsSeo, Which
were irradiated for 1 min [Eo(l), Eq(l), and
Ne¢(D)], annealed films [Eo(ll), Eq(Il), and
N¢(11)], and films irradiated (1 min) after the
annealing [Eo(111), Eq(111), and N¢(111)]. For
As36ShaSeo, film we get the following values of
these parameters: Eo(1)=4.56 eV,
Eo(Il)=4.64 eV, Eo(ll)=4.60eV; Eq(l)=
20.2 eV, Eq(11)=19.87 eV, Eq(111)=20.57 eV;
Ne()=2.88 eV, N(ID)=2.83eV, Nc(ll)=
2.93 eV. For AszsSheSeo, film the values of
these parameters and the character of their
changes are similar. As is seen from Table 2
and calculations, the irradiation and annealing
of films lead to a slight decrease (increase) in
Eo (Eq). In this case, the coordination numbers
N¢ increase.

The increase of N¢ at the irradiation and
annealing of films is caused by the
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polymerization of molecular groups with
homopolar bonds As-As and S-S and by the or-
dering of their structural network.

Conclusions

On the basis of studies of the trans mis-
sion spectra of As4xSbxSeo amorphous films
we have established that the laser irradiation
and the annealing induce the absorption edge
shift to the long-wave region. In this case, the
pseudoforbidden gap width of the films de-
creases, whereas the refractive index increases.

It is shown that, under the same conditions of
irradiation and annealing, the largest changes
in optical parameters occur in the films with
x=4. The level of photoinduced changes in
optical parameters of the annealed films is
lower than for the as-prepared ones. Changes
in the optical characteristics of films are caused
by the photo- and thermostructural
transformations, which are accompanied by
decreasing in the number of structural
fragments with homopolar bonds As-As and S-
S in their matrix.
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JIASEPHO-IHAYKOBAHI 3MIHU OIITUYHUX
XAPAKTEPUCTUK AMOP®HHUX IIJIIBOK CUCTEMUA

As-Sb-S

B cnekrpanbhiit obxacti 400-750 HM JOCITiIKEH] CIIEKTPH MPOIYCKaHHS aMOP(QHUX TUIIBOK
AS404SbySeo 3 Mamum BmicTom Sb (x=0, 0.8, 1.6, 4, 6), oxep)KaHUX METOJAOM TEPMIUHOTO
BHITAPOBYBAaHHS CTEKOJI BIIMOBITHMX CKJIAAIB Ha CKIISHI migKmaaky. BecraHoBieHo, o nase-
pHE OIPOMIHEHHSI Ta BiAIAJ IUTIBOK MPU3BOJATH JI0 3CYBY KPalO MOTJIMHAHHS B IOBIOXBH-
JBOBY OUISHKY CHEKTpy. BusHaueHi mmpuHa rnceBno3abopoHeHoi 308U Eg Ta moka3HUK 3a-
JIOMJICHHS N TUTiBOK. Po3paxoBaHi mapaMeTpy OZHOOCIFIISATOPHOT MOJIeNi (€Heprist OCIHIs-
Topa Eo, mucnepciiina eHeprisi Eq ta edextuBHe koopauHauiiine uncio Nc). MakcumanbHi
3MiHH ONITUYHUX XapaKTEPUCTHK BUABIICHI 171l TUTiBKU AS36SD4Se0, 3MiHM ONTHYHKX Mapame-
TpiB IUIIBOK BiZI0OYBAIOTHCSl B HUX TP ONIPOMIHEHHI Ta Bixmati.
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JIASBEPHO-UHAYIUPOBAHHBIE U3MEHEHUSA
OIITUYECKUX XAPAKTEPUCTUK AMOP®HbIX
IIVIEHOK CUCTEMBI As-Sb-S

B cnekrpanbHoii oonacti 400-750 HM Mcclie10BaHbI CIIEKTPHI MPOITYCKaHUsS aMopd-
HBIX TIEHOK AS40-xShySeo ¢ HEGOMBIIUM conepskanueM cypmsl (Xx=0, 0.8, 1.6, 4.6) mo-
Jy4EHHBIX TEPMHYECKUM UCIIAPEHHEM CTEKOJI COOTBETCTBYIOIMX COCTABOB. Y CTaHO-
BJICHO, YTO JIa3epHOE OOIyYeHHE M OTKUT IJICHOK HPUBOAUT K CIABHUTY Kpasl HOTJI0-
IICHUS B JUTMHHOBOJIHOBYIO 00sacTh criektpa. OnpeaeneHbl 3HaueHNs IUPHHBI TIce-
BIO3aIpenieHHol 30Hb Eq 1 mokazaTens npenomiieHus N IUieHOK. PaccuuTaHbl ma-
paMeTphl OTHOOCLMIATOPHOH Monenu (dHeprus ocuuuisiTopa Eg, aucnepcronHas
sneprus Eq n o dexTnBHOE KOOPANHAIIMOHHOE YUCI0). MakcuMalbHbIE H3MEHCHUS
OINITHYECKUX XapaKTePUCTHK HAOIFOATHCh B IUICHKAX ASzeShaSeo. MI3MeHeHUs onTH-
YEeCKHX MapaMeTpOB IUICHOK OOYCIOBICHBI CTPYKTYPHHMH HPEBPAILICHUSAMH, HPO-
HCXOJIAIIMMH B HUX TPU OOTYYCHUH M OTHKHTE.

KaroueBble ciioBa: XajJbKOT€HHIHbIE aMOp(HbIE IJICHKH, CIIEKTPhI IPOIYCKaHHUS,
(oronH-aynMpoBaHHbIe P (EKTHI, ONTHYECKUE CBOWCTBA, CTPYKTYPHBIE IIpEBpallie-
HHSL.
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