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An attempt has been made to explain the complex character of electrophysical charac-
teristics changes in Pb,_ InyTew5 films grown on Si substrates basing on different mecha-
nisms of point defect formation in view of the stoichiometry deviation extent in the
contents of the main components under the control of scalar density value of extended
defects (dislocations). For Pb1_yln Te,,s films prepared by the single-stage synthesis method
using the modified "hot wall ™ technique, it has been found that Pb,_ InyTe1_'S samples with
Te deficiency regarding the stoichiometric ratio show n-type conguctivity. Within the
scope of crystal-quasichemical approach, the amphoteric (donor and acceptor) behavior of
In impurity atoms taking into account their different charge condition (In* and In®*) and
possible positions in the crystal lattice of the lead telluride (Inp, and In) matrix are
interpreted.

CrenaHa IIONBITKA OOBICHUTHL CJOMHBIA XapakKTep H3MEHEHUS dJEKTPOPU3NUYeCKUX
CBOICTB IIJIEHOK Pb1_ylnyTe1ia, BEIPAIIEHHBIX HA Si-IOAI0MKAaX, PA3IMYHLIMUA MEXAaHH3MaMA
00pa30BaHUA TOUEUHBIX Je(eKTOB C yUETOM CTEIIeHH OTKJOHEHHUS OT CTeXHOMETPHUHU B COLep-
$KAHUM OCHOBHBIX KOMIIOHEHTOB IIPUA KOHTPOJIE BeJIWYUHLI CKAJAPHON IJIOTHOCTH IPOTIMKEH-
HBIX JedeKToB (quciaokanuii). s IJIeHOK Pb1_ylnyTe1iB, MIOJYYEHHBIX METOJOM OJHOCTAUIA-
HOTO CHHTE3a IIPHA MOMOILY MOJM(PUIIMPOBAHHOIO METOLA TI'OpAYell CTeHKH , yCTAHOBJEHO,
4TO 06pABILI Pb1_ylnyTe1_8, XapaKTepusyollruecd HeJOCTATKOM TeJlIypa OTHOCHUTEIbHO CTeXU-
OMETPHUUYECKOT'0 COCTaBa, 00JaJaloT N-THUIOM IIPOBOAMMOCTH. B paMKax KpPHUCTAJI0-KBA3UXMU-
MHUUYECKOTO IIOAXOJa JaHa WHTepIpeTanusa aM(OTEPHOro (JOHOPHOIO M AKI[EITOPHOI'O) IIOBe-
IeHusd TPUMecHBIX aTOMOB WMHAMSA C y4eTOM HUX PasJMYHOro sapagosoro cocroguua (In* u
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In3*
renmypuna ceuana (INpy, u In).

1. Introduction

The chalcogenides of IV A group metals of
the Periodic system can be used as the base
materials for the active elements in different
devices of IR optoelectronic engineering in
middle and far spectral range [1] as well as
in thermoelectric energy converters [2]. The
energy spectrum of PbTe(ln) single crystals
and films is known to be rather complex [3],
and the presence of In impurity atoms is not
reduced to the formation of only one impu-
rity level resulting in the stabilization (pin-
ning) of the Fermi level position. It has
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), a TakyKe BO3MOJKHOI'O IIOJIOXKEHUS B KPHUCTANJINYECKON pelreTKe MCXOJHON MaTPHUIlbI

reliably demonstrated that in PbTe single
crystals and thin films, the behavior of im-
purity atoms of III A group metals depends
not only upon their concentration, but on
doping technique, too. Nevertheless, the
information presented in numerous publica-
tions is sometimes rather contradictory. For
example, three versions are considered until
now to be a reason of Fermi level pinning
effect [4].

The main purpose of the present work is
an attempt to explain the complex character
of of the electrical characteristics evolution
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Fig. 1. The micrographs of the cross sections of the Pb1_ylnyTe1ia/Si02/Si and Pb1_ylnyTe/Si
heterostructures: a, Pb1_y|nyT(=,'1i8 /Si02/Si (100) film; b, Pb1-y|”yTe1¢5 /Si (100) film; 1, Si substrate;

pAAE 20KV X15,000

2, Pb1_y|nyTe film; 3, SiO, buffer layer.

for the Pbq,In,Te s films grown on a Si
(100) and Siézléi (100) substrates using the
single-stage variant of a modified "hot
wall” technique. Within the scope of the
crystal-quasichemical approach, the differ-
ent mechanisms of point defects formation
are reviewed taking into account the
stoichiometry deviation extent in the con-
tents of the basic components (lead and tel-
lurium) under the scalar density control of
extended defects (dislocations).

2. Experimental procedure

The modified "hot wall™ technique
(HWE) was employed to prepare the mirror-
smooth surface PbTe thin films doped with
In (about 0.5 — 5.0 mm thickness) deposited
directly onto (100) Si high-ohmic substrates
both with and without SiO, buffer layer [5].
Under optimal experimental conditions, the pre-
viously synthesized In,Pb,, (0.10 < x, < 0.70)
liquid alloys were employed simultaneously
as the sources of indium and lead vapors.
To form ternary Pb1_yln Te layers (Fig. 1),
an additional source of the tellurium va-
pours was activated. The values of lead and
tellurium partial pressures were kept the
same as at preparation of undoped PbTe/Si
and PbTe/SiO,/Si films (characterized by p-
type conductivity with charge carrier den-
sity of 51016 — 2.1018 cm ™3 at 298 K) de-
scribed elsewhere [5]. To prepare PbTe(ln)
films, high-purity Pb (99.999 %), In
(99.999 %), and Te (99.99 %) were used.
The residual gas partial pressure of about
510"7 Pa during the evaporation process
can be realized in a graphite reaction cham-
ber [6]. The direct exposure of the Si sub-
strate to Te, molecules for 20-30 min prior
the condensation of the binary semiconduc-
tor was used to remove the SiO, natural
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layer from the substrate surface. On the
other hand, lead telluride layers were grown
on Si substrates using an intermediate buff-
er layer consisting of 300430 nm thick pre-
viously formed SiO,. The presence of dielec-
tric SiO, buffer layers is required for fur-
ther correct Hall coefficient and resistivity
measurements in order to isolate PbTe(In)
films and Si wafers. As it is seen from
X-ray diffraction patterns, SiO, buffer lay-
ers were amorphous with trace amount of
orthorombic phase (space group Cmecm)
crystallites.

The surface and cleave morphology of
the synthesized PbqInyTeq,s films (Fig. 1)
was studied by SEM using the JEOL-JCA-
840 and JEOL JCM-6430 LV instruments. A
quantitative elemental composition of all
prepared layers was investigated by EPMA
using the MAR-3 and JEOL-JCA-840 mi-
croanalyzers using spectrometers with a
wave and energy dispersion. Selected parts
of the Pby In Te, 5 samples were studied by
atomic absorption analyzer AAC QUANTUM
- Z.ETA, too. The analysis of Pb,. |nyTe1i5
layers by EPMA method was rea)iized in
local and raster modes, and has been dupli-
cated for several spectral lines. Experimen-
tal results were compared with the different
measurement standards. In all the prepared
Pb,. |nyTe1i5 films, K, and M, lines were
used to determine lead concentration and L,
and Lg lines to determine indium and tellu-
rium concentrations. As the measurement
standards, Pb metal of 99.9999% purity,
PbTe single crystals, In metal of 99.9999%
purity, InAs single crystals, and Te of
99.999% purity were used. The calculation
ZAF CORRECTION software was employed
during the interpretation of the obtained
data. This approach provided an improved
interpretation of the statistical data, result-
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ing in decreased determination error of lead
Axp, down to £0.0001 mole fraction, and of
indium and tellurium (Ax|, and Axy,) down
to £0.0002 mole fraction.

X-ray diffraction (XRD) patterns were
obtained with filtered CoK, and CuK, radia-
tion on a computer-interfaced DRON-4-07
and THERMOTECHNO ARLX’pert diffrac-
tometers. During XRD experiments, single
crystal Si (100) and Si (111) plates were
used as internal standards. The (400), (444)
and (200), (400), (600) X-ray reflection pro-
files of Si substrates of various orientation
and PbTe films, respectively, were obtained
with special care by DRON-4-07 diffractome-
ter at 0.01 deg step-by-step movement. The
lattice parameter values of PbTe films were
calculated precisely by extrapolation to a dif-
fraction angle 6 = 90 deg. To eliminate sys-
tematic errors, different approximation func-
tions were tried. The best results were ob-
tained using the Nelson-Riley function [5]:

f(8) = 0.5 (cos20/8 + cos20/sinf), (1)

where 0 is the diffraction angle.

The researches of electrical parameters
for Pb,. yIn Teqss thin films are associated
with a number of experimental difficulties.
The of electrical conductivity ¢ and Hall
factor Ry of PbTe(Iln) films were measured
by Van der Pauw dc four-probe technique
under account for correction factors de-
pendent on the particular sample geometry
as well as by investigation of the C - V
curves ("Hg probe” method). Prior to the
electrical measurements, the contact pads of
0.5 mm diameter were formed by thermal
deposition of silver in vacuum onto the sur-
face of Pby,In,Te 5 films through a special
mask 1mme(¥1ately after etching the surface
in argon plasma atmosphere within the
framework of the same technological cycle.
As a material for the contact pads, silver
was selected owing to close values of a pho-
toelectric work function of electrons.

To study the ¢ = f(T) and Ry = f(T)
temperature dependences, the PbqyInyTeq,;
samples together with the holder were
placed in a special cryostat excluding the
direct contact of the film under study with
liquid nitrogen. The deep cooling of
PbyyIn,Tes,; samples (down to 77 K) was
reacﬁed by continuous feeding gaseous N,
from the cryostat volume to the film sur-
face. Thus, during all cycle of measure-
ments, the sample was in protective atmos-
phere, that protected its surface from freez-
ing of water vapors. The last circumstance
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Fig. 2. The dependences of the conductivity
type and charge carrier density on In impu-
rity concentration yj, and the deviation from
stoichiometric ratio ¢ in Pb1-y|nyTe1¢8 /Si0,/Si
and Pb1_y|nyTe1ﬁ, /Si films at 77 K: (a) 3D
dependence; (b) In(p, n) - y, - projection; (c)
the deviation from stoichiometric ratio 6 -
Y, — projection. I, samples with n-type conduc-
tivity; 2, samples with p-type conductivity.

is of a special imporce when it is necessary
to realize repeated measurements on the
same object. During the determination of
general inaccuracy of the electrical meas-
urements, only the systematic component
was taken into account. The errors associ-
ated with usage of measuring instruments,
were evaluated using the errors of the
measuring means. In view of the circum-
stance, the general error at determination
of the Hall factor Ry and electrical conduc-
tivity ¢ did not exceed 10 %.

3. Results and discussion
The PbyInyTe,.s samples synthesized by

the single- stage method using In,Pb;.,
melts as the sources of metallic component
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vapors and intended to realize the electrical
measurements were controlled carefully by
X-ray investigation. To measure the Ry and
o, homogeneous Pb,. |nyTe1i5 films were se-
lected with the scalar dislocation density
about 6-10% - 8.10° em™2. The scalar dislo-
cation density was determined by the tech-
nique described in [5].

When considering the electrical charac-
teristics of Pb1-y|nyTe1i8 films, a rather
complex pattern is observed (Fig. 2). It has
been found that Pb1_y|nyTe1_8 samples
(0.002 < yj, < 0.0098), characterized with a
little excess of lead over the stoichiometric
ratio always show the n-type conductivity,
the increase in the contents of impurity in-
dium atoms being accompanied by increase
of the electron density, regardless of the
fact that the common excess contents of Pb
and In decreased in these samples, i.e. their
composition would come nearer to
stoichiometric ratio (Fig. 2b and 2¢). On the
other hand, in Pb,. InyTe1+8 films, which
with a little excess of tellurium, the rela-
tion between the type of conductivity and
charge carrier density is not so unequivocal.
As it is seen in Fig. 2, all the studied
PbqyInyTes,s samples with tellurium excess
at In concentration y;, < 0.009 show the
p-type conductivity irrespective of the im-
purity indium atoms contents therein. Nev-
ertheless, the character of the hole density
dependence upon the concentration of In im-
purity is unmonotonous (Fig. 2b). In an inter-
val of In concentration 0.002 < y;, < 0.0065,
the increase in the indium impurity atom
content is accompanied by increase in hole
density. When the concentration of impu-
rity atoms y,, = 0.0065 is attained, a fur-
ther increase in the impurity content re-
sults in decreasing hole density.

It is reasonable to compare the results of
the electrical measurements of PbqIn,Te s
films with earlier data on the lattice constant
evolution in these layers depending on the
contents of In impurity atoms therein [7, 8].

As is seen in Fig. 3, the curve appTe(in) =
f(y;n) is a nonmonotonic function and does
not obey the Vegard law. It can be divided
into three sections. The first section of this
curve corresponds to the decrease in AppTe(In
values within the concentration intervai
0 <y, < 0.0063. At yg, = 0.0063+0.0002,
the minimum apy7e(n, value is observed.
The second section of this dependence shows
the increase in the lattice parameter
appTe(In) within the concentration interval
of about 0.0068 <y|,< 0.014. On the other
hand, the further rising of In impurity
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Fig. 3. The dependences of the lattice pa-
rameter appt, on the In impurity concentra-
tion y,, in ternary Pb1_ylnyTe films obtained
at T, = 62313 K: I, homogeneous samples;
2, heterogeneous polycrystalline samples.

atoms content at yg, > 0.014 is accompa-
nied by essentially constant unit cell pa-
rameter values of PbTe(ln) films. Because
the lattice parameters values are fixed at
essentially y;, > 0.014, this concentration
may be interpreted as the solubility limit of
In in PbTe at T = 58313 K. It is necessary
to emphasise that experimental data ob-
tained in this work show that the range of
the In solid solutions region in PbTe matrix
is narrower than that reported before for
bulk PbTe(ln) alloys [4].

The similar nature of the lattice constant
change was observed before when consider-
ing the In-doped bulk samples of PbTe.

In the second section of appTe(iny = )
curve at 0.0063 <y,< 0.014, a smooth in-
crease in the identity parameter is revealed.
In the third fragment of anTe(In) = f(yln)
curve at the concentration of In impurity
Y, > 0.014, the values of lattice parameter
do not vary appreciably within the error
limits of XRD experiment. The constancy of
appTe(ny values is revealed within the In im-
purity concentration y,, > 0.015 — 0.045.
As the atomic and cationic radii of In are
smaller than those of Pb, the following con-
clusions are possible to be drawn from the
found apyre(iny = f(y)y) relatioships in condi-
tions when synthesizing and doping of films
take place simultaneously:

(i) The initial fragment of the curve in
Fig. 3 corresponding to decreasing lattice
constant it is possible to consider as an in-
dication of the primary formation of substi-
tutional solid solutions. Thus, according to
the self-compensation theory, the decreasing
in the identity period can be promoted by
formation of Te vacancies; (ii) The interme-
diate section of appre(ny = f(yjn) relation-
ship is possible to be explained by changing
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of the dominating mechanism of solid solu-
tions formation: one fraction of In atoms,
as before, is positioned in regular sites of
the cationic sublattice, while another frac-
tion is in interstices. As the sizes of inter-
stitial tetrahedral voids in PbTe crystal
structure are a somewhat smaller than ionic
radii of metals from III A group, the filling
them by In results in increasing lattice pa-
rameter. Therefore, at this interval of In
impurity concentration, the mixed type of
solid solutions “substitution - interstitial™ is
realized. The existence of such solid solutions
was found before, in particular, in the sili-
con-gold and silicon-carbon systems [9]; (iii)
The third part of AppTe(iny = f(yn) curve
shows that the increase in the of In impurity
concentration y;, > 0.014 in Pb1_ylnyTe1+8
films does not result in any enlargement of
the unit cell parameter. This fact can indi-
cate to approach to the solubility limit of
IIT A group metals in the initial PbTe
matrix.

Comparing the experimental data pre-
sented in Fig. 2 and Fig. 8, it is possible to
find out a certain correlation between the
evolution of the lattice parameter appTe(In)
and the changing of charge carrier density
depending on the concentration of In impu-
rity in Pbq. InyTe1+8 films with excess of
tellurium. The decreasing of the hole den-
sity in Pb1_y|nyTe1+8 samples at y,, > 0.0065
can be associated with the changing of the
preferential mechanism of In impurity im-
plantation in the PbTe crystalline matrix.

The amphoteric behavior of In atoms in
PbTe is quite logical to be explained by
their different valence conditions [4]. The
comparison of the In impurity concentration
with the maximum possible charge carrier
density in PbTe within limits of homogene-
ity region demonstrates that in this case,
the neutral state is the ground one for In
atoms. For example, under condition that
each In atom is singly ionized, their concen-
tration of about 0.0025 mole fraction
should correspond to the charge carrier den-
sity ~ 3.6-1019 e¢m™3. It is seen from experi-
mental data (Fig. 2) that it is impossible to
obtain the PbTe(ln) films possessing so high
charge carrier density by direct doping dur-
ing the growth process. Taking into account
the fact that for In atoms, the 5s15p2 neu-
tral condition is paramagnetic and conse-
quently less stable [4], it is possible to suspect
that low efficiency of doping (N, + ny >> [n]
or N, + n, >> [p]) is connected to preferen-
tial segregation of In impurity atoms along
the intercrystalline boundaries.
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Basing on comparison of the experimen-
tal electrical measurement results (Fig. 2)
with non-linear and nonmonotonous evolution
of the appTe(In) lattice parameter (Fig. 3)
within the scope of crystal-quasichemical
approach [10], a model was proposed able to
explain complex amphoteric (donor and ac-
ceptor) behavior of In impurity in PbTe(ln)
films taking into account the dimensional
factor of In atoms and ions (Table), their
different charge condition (In* and In3*),
and possible positions in the crystal lattice
of the initial lead telluride matrix (Inp, and
In)). Four possible cases are reviewed:

1) Statistical distribution of In impurity
atoms in regular sites of the Te-deficient
cationic PbTe sublattice during single-stage
synthesis from the vapor phase (deviations
from the stoichiometry & < 0):

1

[VEpVrel + (L = y)PH® + yIn©) + = STe,@

= [Pby_yIng_a) !N aslpel Te(1-5)V5 I1e (2)

Taking into account ionization of In

atoms:
20Me', < 20Me + 25¢ 3)

And finally:

1

[VepVTel + (1 = 9)Pb® + yIn® + 2= 2076,

— [Pb{1_y)Iny el Te(1 V3 Tre + 20¢" (1)

There is an increase in the electron density
by 268e'.

2) Implantation of In impurity atoms in
interstitial sites (tetrahedral voids) of Te-
deficient PbTe crystal structure during sin-
gle-stage synthesis from the vapor phase
(deviations from the stoichiometry & < O0;
B — fraction of In atoms occupying intersti-
ces, 0 < B < 20):

1 —

> S7e,@

(5)
= [PB1 NG 25 )1 yleplIng 10Teq 5V3 Ire

[VEoVTel + (1 — y)PH©@ + yIn® +

Taking into account ionization of In

atoms:
28Inpy, + BMe; = (6)
= 28Mepy, + BMe;™ + (28 + 3B)e’

And finally:
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[VipViel + (1 — p)Pb® + yin© + 1 5 87e,©
+ (25 + 3PB)e’ )

There is an increase in the electron density
by (25+3B)e’.

3) Statistical distribution of In impurity
atoms in regular sites of the cationic sublat-
tice of PbTe with excess of Te during sin-
gle-stage synthesis from the vapor phase
(deviations from the stoichiometry &6 > 0):

1+9
2

= [Pb(1_y5)INiy5)N35V5 Tppl Te(145) e

[VepVTel + (1 — y)PB® + yIn© + Te,@ —

(8)

Taking into account ionization of In
atoms:

Binpy, = Blnpy, + 28%° )
And finally:
1

- 07e,@ -

= [PO(_y-5)INiy-5)/N25V5 Ippl Te(1:5)I7e +

[VipVTel + (1 = y)PH©® + yIn(©® +

+ 28R" (10)

There is an increase in the hole density
by 28h".

4) Implantation of In impurity atoms in
interstitials (tetrahedral voids) of PbTe
crystal structure with excess of Te during
single-stage synthesis from the vapor phase
(deviations from the stoichiometry & > O;
 — fraction of In atoms occupying intersti-
ces, 0 < B < 28):

1

- 07e,@ -
(11)
— [Pbyy 5INgy 5) ng,BVg Ve slpyl! gL Te 15 Te

[VhpVTel + (1 = y)PH©® + yIn(©® +

Taking into account ionization of In

atoms:
BIn" = pIn:* + 3pe’ 12)

And finally:
1

+ 076, @

[VEeViel + (1 = y)PH@ + yIn©® + 22

+ 3pe’ (13)
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Fig. 4. The area of In solid solution existence
in PbTe with regions of the different conduc-
tivity types.

There is an increase in electron density
by 3pe’.

As it can be seen from equations (2-7), in
a Te-deficient PbTe matrix, the In impurity
atoms exhibit the donor properties and fa-
cilitated the generation of electrons. In
PbTe with excess of Te, the behavior of In
atoms is more complex. At statistical distri-
bution in the cationic sublattice, In impu-
rity atoms exhibited acceptor properties
(equations (8-10)). In case that In is built
into interstices, the generation of electrons
takes place (donor properties) and hole com-
pensation in initial PbTe with p-type con-
ductivity. In this case, the evolution of the
electrical properties should depend upon the
ratio B and &.

The data obtained before have shown [8]
that the region of In solubility in PbTe is
asymmetrical and enlarged with the tem-
perature. In this connection, taking into ac-
count the model presented above, the re-
gions with the different types of conductiv-
ity can be pointed inside the area of In
dissolubility in the PbTe matrix (Fig. 4).

Thus, it follows from the data obtained
that in Pb1-y|nyTe1i8 films the behavior of In
impurity is connected in certain manner with
deviation from the stoichiometry in the con-
tent of the main components (lead and tellu-
rium). The presented model confirms the fact
of low doping efficiency (N, + ny; >> [n] or
N, + n, >> [p]). In Te-deficient Pb1_ylnyTe1_5
films regarding to the stoichiometric ratio,
the In impurity atoms exhibit donor proper-
ties only. In PbqIn,Tes,; samples with ex-
cess of tellurium, In demonstrates am-
photeric behavior: at low-level concentra-
tions it acts as an acceptor, while at y, >
0.0065, it exhibits the donor properties.

Functional materials, 18, 1, 2011
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Table. Nuclear, covalent, ionic radii, ionization and electron affinity energies for lead, tellurium

and indium [11].

Element | "Metallic™ | Orbital | Crystallographic ionic radii, | Ionization energy I, kJ/mole | Electron
atomic atomic nm of
radius, radius, _ affinity

nm nm 2 1+ 2 + 3+ I I, I I, energy E,
kdJ/mole
Pb 0.175 0.1215 -— 10.126 | --- |715.5|1450.4 |3081.5| 4083 35.1
0.154 0.125
0.132
Ind 0.162 0.150 - 10.132 0.92 | 558.3 |1820.6 | 2704 | 5200 ~30
Te 0.17 0.1111 | 0.211 - 1869.2| 1795 | 2698 | 3610 190.2
0.143 0.137

5. Conclusions

The results of electrical measurements
have shown that Pby,In/Te s samples
(0.002 < yj, < 0.0098), characterized by de-
ficiency in Te regarding to the stoichiomet-
ric ratio, always show the n-type conduc-
tivity. On the other hand, Pb1_ylnyTe1+5
films characterized by excess of Te regard-
ing to the stoichiometric ratio show p-type
conductivity at yj, < 0.009 irrespective of
In impurity content therein, however, evo-
lution of the hole density depending on the
impurity atoms content is nonmonotonous.
Within the concentration interval
0.002 < y, < 0.0065, the increase in the In
content is accompanied by increase in hole
density. At achievement of concentration
Yin = 0.0065, the further rising of the im-
purity atom content result in reduction of
the hole density.

The model proposed in the scope of crys-
tal-quasichemical approach confirms that
the behavior of In impurity atoms in
PbyyInyTeq,s is connected in certain manner
with ci,eviation from the stoichiometry in
the content of the main components (lead
and tellurium) and demonstrates low effi-
ciency of PbTe doping by In impurity atoms.

Taking into account the obtained experi-
mental results and conclusions from the
proposed model, the regions with the differ-
ent conductivity types inside the existence

Functional materials, 18, 1, 2011

area of In solid solutions in PbTe are indi-
cated.
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EaxexTpodi3nuyHi BJACTHBOCTI Ta MeXaHI3MH
nedexroyrBopenaa y maiskax PbTe(ln), sBupomennx
Moau(piKOBAHMM METOJOM rapda4oi CTIiHKM

A.M.Camoiinoe, B.JI. Azanos, C.B.Benenko,
E.A.Jlonzononosea, A.M.Xoeié

3pobiieHO cIpoby MOACHUTU CKJIAZHUN XapaKTep SMiHM eJeKTPo(isMYHUX BJIACTUBOCTEIL
IJIiBOK Pb1_y|nyTe1i5, BUPOIEHNX Ha Si-migKJagKax, pisHUMN MeXaHi3MaM’ yTBOPEHHS TOU-
KoBuX me(eKTiB 3 ypaxyBaHHSM Mipu BigxwmiaeHHs Bim crexiomerpii y Bmicri ocHOBHHMX
KOMIIOHEHTIB IIPM KOHTPOJII SHAUYEHHS CKAaJAPHOI IyCTUHM OPOTS:KHuUX nedekriB (mucio-
Kariit). Jaa miiBok Pb1-y|nyTe1¢8’ OJlep:KaHUX METOJOM OJHOCTALiMHOTO CHMHTE3y 3a JOIIOMO-
roo MoAu(piKOBAHOIO METOLYy rapsadol CTiHKH , BCTAHOBJIEHO, IO 3PAa3KH Pb1_ylnyTe1_8, aKi
XapaKkTepusyoThesa maed@illiTOM TeJaypy BiIHOCHO CTEXiOMETPHMUYHOro CKJIAaLy, MAIOThL 71-THUII
nposigHocTi. ¥ paMKax KpucTao-KBasdiximiuHoro migxony mano imrTepmperairito am@oTrepHOL
(moHOpPHOI Ta aKIEeNTOPHOI) IOBENiHKM MNOMIIIKOBMX aTOMIB iHAif0 3 ypaxyBaHHSM IXHBOT'O
pisroro sapazosoro cramy (In* ta In®%), a TakoK MOMIMBOrO MOJOMKEHHSA Y KPUCTAIIUHIN rpaTii
BuxizHOl MaTpuni Terypusy cuHIo (INp, Ta In;).
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