
The effect of pressure on the magnetic susceptibility of  alloys

This article has been downloaded from IOPscience. Please scroll down to see the full text article.

1997 J. Phys.: Condens. Matter 9 6921

(http://iopscience.iop.org/0953-8984/9/32/014)

Download details:

IP Address: 171.66.16.207

The article was downloaded on 14/05/2010 at 09:21

Please note that terms and conditions apply.

View the table of contents for this issue, or go to the journal homepage for more

Home Search Collections Journals About Contact us My IOPscience

http://iopscience.iop.org/page/terms
http://iopscience.iop.org/0953-8984/9/32
http://iopscience.iop.org/0953-8984
http://iopscience.iop.org/
http://iopscience.iop.org/search
http://iopscience.iop.org/collections
http://iopscience.iop.org/journals
http://iopscience.iop.org/page/aboutioppublishing
http://iopscience.iop.org/contact
http://iopscience.iop.org/myiopscience


J. Phys.: Condens. Matter9 (1997) 6921–6930. Printed in the UK PII: S0953-8984(97)83358-9

The effect of pressure on the magnetic susceptibility
of CeIn3−xSnx alloys

G E Grechnev†, A S Panfilov†, I V Svechkarev†, A Czopnik‡§, W Suski‡
and A Hackemer‡
† B Verkin Institute for Low Temperature Physics and Engineering, 47 Lenin Prospekt, Khar’kov
310164, Ukraine
‡ W Trzebiatowski Institute of Low Temperature and Structure Research, PO Box 937, 50-
950 Wroc law 2, Poland

Received 11 April 1997

Abstract. A transition from the Kondo state to an intermediate-valence state takes place in the
quasibinary alloys CeIn3−xSnx with cubic AuCu3-type structure. The effect of pressureP up
to 2 kbar on the magnetic susceptibilityχ of this system was measured at 78, 150, and 295 K.
The value of d lnχ/dP obtained is well above those observed for similar RE compounds with
stable valences. This derivative tends to decrease with temperature, and to increase (but not
monotonically) with the tin contentx. The experimental data on d lnχ/dP(x, T ) were analysed
in terms of the changes in the spin-fluctuation temperatureTsf.

1. Introduction

The magnetic susceptibility,χf , of the rare-earth ions in metallic compounds provides
information concerning the parameters of magnetic moment interactions with band electrons.
These interactions occur either through an effective f–(spd) exchange,J , or through
a splitting due to the crystal-field (CEF) interactions,1c. For favourable relationships of
the above-mentioned quantities, these parameters can be determined from the temperature
dependence of the magnetic susceptibility:χf(T ) = χf(J,1c, T ). The effect of pressure on
the magnetic susceptibility allows one to find a relation between the atomic volume and the
above-mentioned parameters, which is important for the explanation of their microscopic
nature. Therefore, we decided to investigate the temperature dependence of the magnetic
susceptibility of the CeIn3−xSnx alloys under pressure.

The particular importance of the quasibinary solid solutions of the CeIn3−xSnx type with
the cubic AuCu3-type structure results from an observation that, in these alloys, according
to the composition, a magnetic state or nonmagnetic Kondo lattice can exist, accompanied
by continuous transformation into the intermediate-valence (IV) state (see e.g. [1, 2]). It
is assumed that the threshold of the transformation corresponds tox = 2 (see e.g. [3]),
and according to [4] it is very sensitive to the applied pressure. Generally, the electronic
properties of this system also show a strong dependence on the pressure [5]. In this paper,
we report on measurements of the magnetic susceptibility under pressure up to 2 kbar, and
the results are discussed in terms of the changes in the spin-fluctuation temperature,Tsf.
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2. Experiments

The binary compounds CeIn3 and CeSn3 and their solid solutions were prepared by melting
the stoichiometric quantities of the components in an arc furnace under a protective argon
atmosphere. The purity of the starting materials was 4N for Ce, and 6N for In and Sn.
The melting was followed by a prolonged annealing for eight days at 600◦C in vacuum.
The samples have the following compositions:x = 0, 0.79, 1.48, 1.86, 2.21, 2.50, and
3.0. The temperature dependences of their magnetic susceptibilities were examined over
the temperature rangeT = 4.2–300 K by the Faraday method in comparison with previous
results [1, 6]. Since the agreement is very good, we do not show the data here.

Figure 1. Changes in the magnetic susceptibility under pressure presented in the form of the
derivatives d lnχ/dP versus the Sn concentration,x, for the CeIn3−xSnx alloys at different
temperatures. The circles denote the present results (the error in the measurements does not
exceed 10%), whereas the triangles represent the results of [8].

The magnetic susceptibility,χ , was measured under pressure up to 2 kbar, produced
using helium gas at 78, 150, and 300 K, with the help of a pendulum magnetometer
located directly in a high-pressure cell [7]. The relative error of the experiment does not
exceed 0.05%. The magnetic susceptibility of all of the samples investigated depends
linearly on the applied pressure. The results are presented in figure 1 as the derivatives
d lnχ/dP . The agreement of the present data with those obtained earlier for CeSn3 [8–
10] is satisfactory. The results of [11], differing by an order of magnitude, are apparently
erroneous. Although the single reported value of d lnχ(0)/dP = −12 Mbar−1 for CeIn3

[12] is for the antiferromagnetic state, it is in reasonable agreement with the data resulting
from figure 1, where the temperature dependence of this derivative is shown.

3. Results and discussion

As follows from figure 1, the derivatives d lnχ/dP increase with the decrease of temperature
and with the increase of the Sn concentration,x. The concentration dependence is
nonmonotonic, but exhibits an apparent minimum close tox = 2, and more pronounced
curvature forx > 2, where the temperature dependence of the magnetic susceptibility
is weaker. The average size of the pressure effects on magnetic susceptibility of the
CeIn3−xSnx is clearly larger than that detected for the compounds with stable magnetic
moments (e.g. for GdIn3, d lnχ/dP = −2 Mbar−1 at 78 K [7]).

The magnetic(T , x) phase diagram of the quasibinary CeIn3−xSnx alloys is presented
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Figure 2. The magnetic (T , x) phase diagram of the CeIn3−xSnx alloys. The meaning of
the notation is: M—the magnetic Kondo state; NMHF—the nonmagnetic heavy-fermion state;
and IV—the intermediate-valence state. Open circles correspond to the paramagnetic Curie
temperature2, and full circles correspond to the Néel temperatureTN.

in figure 2 [1, 2], and shows the sequence of development of the valence instability, in
full agreement with existing theoretical prediction. In the range 06 x 6 0.4, the alloys
are dense Kondo systems, with antiferromagnetic order at low temperature. In this range,
with the increase of the Sn concentration, the RKKY-type exchange interaction between
the localized magnetic moments is replaced by the Kondo mechanism of demagnetization
of these moments by the band electrons. In the concentration range 0.4 6 x 6 2, the
nonmagnetic heavy-fermion state (NMHF) develops, with a high value of the coefficient of
electronic specific heat,γ , which reaches the maximum valueγ = 240 mJ mol−1 K−2 [13]
at x = 2, where a weakly marked intermediate-valence state appears (range: 26 x 6 3).
At the same time, inelastic neutron scattering experiments [14] show that the growth of the
Sn contentx is accompanied by the collapse of the CEF splitting beyondx = 1, due to
crossover with the Kondo energy increase.

Although in the x-ray absorption Ce LIII spectra the difference between the valences
in CeIn3 and CeSn3 is not detectable (see table 1, where we collect together the data
useful for further discussion of these compounds), the above-mentioned transition is
reflected in a transformation of the electrical characteristics [4, 5, 16] and in a deviation
of the lattice parameters of the alloys from Vegard’s law (table 1). This transition is
accompanied by a diminution of the electronic specific heat [13], and by a pronounced
increase of the paramagnetic Curie temperature,2 (figure 2), which follows from the high-
temperature approximation of the experimental dependenciesχ(x, T ) by the Curie–Weiss
law χ(x, T ) = C(x)/[T −2(x)] [1].

The effect of pressure on the phase diagram presented in figure 2 is qualitatively
equivalent to increase of the Sn concentrationx [4, 15]. It seems that establishing
some quantitative relationship betweenP and x does not have much value. First, the
behaviour of the bulk modulusB(x) in this system is unknown, and its values for the two
binary compounds show large discrepancies (see table 1). Moreover, in the development
of the valence instability of the CeIn3−xSnx system, there is competition among various
mechanisms. In particular, negative ‘chemical’ pressure in the system (table 1) apparently
contracts in response to this process, shifting the phase boundary towards higherx (it may
be that in the CePb3 compound, which is isoelectronic with CeSn3, the intermediate-valence
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Table 1. Physical characteristics of CeIn3 and CeSn3 compounds. The notation is as follows:
�—the molar volume;B—the bulk modulus;v—the valence;γe—the electronic specific heat
coefficient; 1c = E(08) − E(07)—the crystal-field splitting;2—the paramagnetic Curie
temperature;TN, TK, andTsf—the Ńeel, Kondo, and spin-fluctuation temperatures, respectively;
andGi = ∂ lnEi/∂ lnV—the Gr̈uneisen parameter. The indices X, n, h, s, r, and m denote
x-ray, neutron, thermal, ultrasound, resistivity, and magnetic data, respectively.

Characteristics CeIn3 Reference CeSn3 Reference

� (nm3) (300 K) 0.1031 [1, 4] 0.1053 [1, 4]
(78 K) 0.1019 [4] 0.1036 [4]

d ln�/dx (10−3) 8.1 [1, 4] 4.2 (300 K) [4]
∼= 0 (78 K) [4]

B (Mbar) 0.54s [33] 0.54s [34]
0.77X [35] 0.48X (x = 2.7) [35]
0.67X [36] 0.43X [10]
0.59n [15]

v 3.02X [15] 3.02X [37]
γe (mJ mol−1 K−2) 62 [13] 65 [13, 23]

140 [12, 33] 60 [38]
60 [39] 55 [17]

53 [40]

Ge 7r [15] 7 (78 K) [34]
1c (K) 150n,s [41, 42] < 35 [42]

120n [43] 66h [17]
100 [44]
≈ TK [15]

−2 (K) 50 [1] 195 [1]
TN (K) 10.0–10.2 [1, 41] —
Gm ≡ GN ≈ − 2h,r,n (P = 0) [15] —
TK (K) 6 10n [2] 75h [17]

100 [33] 200 [38]

Tsf (K) < 100n [41, 2] 200m [1, 8, 45]
≈ 90m,X [45] ≈ 260n [2]

Gsf — 7.6m [8]

state is not formed [17], because of the larger molar volume:�(CePb3)/�(CeSn3) = 1.1
[18]). As was mentioned previously, a deviation from a linear�(x) dependence is observed
for x > 2, and thus the same relation,x/P , does not hold for the whole system [4].

Now, the magnetic susceptibility under pressure will be discussed. At first, it was
assumed, as in the papers [7, 19, 20], that it is possible to adjust an adequate theoretical
model,χf [Yi(x), T ], with the experiment, for selectedx-values with suitableYi-parameters.
Then, using the measured magnetovolume effect, d lnχ/d lnV ∼= d lnχf/d lnV , and the
corresponding computed partial derivatives,∂ lnχf/∂Yi , for certain temperaturesTj , one
can determine the unknown values d lnY (x)/d lnV from the set of equations (wherei 6 j )∑

i

[
∂ lnχf(Tj )

∂Yi

]
d lnYi
d lnV

= d lnχ(Tj )

d lnV
. (1)

Furthermore, it will be shown that the fulfilling of this program for a selected system is
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complicated by many unexpected factors, and the lack of additional pieces of information.
In previous papers, various approaches were used for determination of the contribution

of the f states,χf , to the magnetic susceptibility of the compounds discussed, depending on
the type of interaction of these states with band electrons. For example, De Gennaro and
Borchi [21] have reported equations forχf(T ) = χf(T ,D, s,1c) for cerium in the Kondo
region, with the presence of a CEF (heres = JNF, whereNF is the electron density of
states at the Fermi level, andD is the effective width of the conduction band). By means
of a fitting of the corresponding parameters and the value of the RKKY indirect interaction,
the experimentalχ(T ) dependence for CeIn3 has been described [22]. In an analogous
procedure for CeSn3 [11], the relationχf(T ) = χf(T ,Eex,1) was used, which was obtained
for an intermediate-valence region in terms of the interconfigurational excitation energy,Eex,
and the hybridization width of the f level,1 (in this range, the CEF effects are strongly
suppressed). Note thatJ = −V 2

fc/Eex, and1 = πV 2
fcNF (Vfc is the matrix element of the

mixing of the f level with the band states), and thuss ≈ 1/Eex. Therefore, both approaches
operate using the same set of important energy parameters, but their numerical consistency
in the region of the Kondo–IV state transition had not been checked.

The results of the parameter fits for the models mentioned are very sensitive to the details
of theχf(T ) function. So their reliability depends on the accuracy of the extraction of this
function from the experimentalχ(T ) data (if one ignores the correctness—or otherwise—of
the models applied). Unfortunately, due to the antiferromagnetic interaction, and the low
value of the Ce moments, particularly in the Kondo and the intermediate-valence states, the
non-f-electron contribution to the magnetic susceptibility in the materials discussed is quite
substantial. There is no simple way to get rid of it.

Usually [1, 6], forχf(T ) the following expression can be used:

χf(x, T ) = χ(x, T )− χLa(x, T )− χCW. (2)

According to [1, 23], at low temperature the Curie–Weiss termχCW = nC/(T − 2)
results, in this system, from structural defects of the lattice, and for compositions close to
x ≈ 3, from an admixture of Ce2Sn5 phase, which stabilizes a small number of Ce atoms
in the form of the Ce3+ impurity. The numbern of these ‘admixed’ atoms is different in
different samples, and can reach up to 2%. Their contribution to the magnetic susceptibility
ranges up to 0.1χ at T = 78 K andx ≈ 3 [8, 23]. Their insensitivity to pressure is a
favourable feature [8].

The background susceptibility (non-f-electron) contribution to equation (2), which
contains the susceptibility of the conduction electrons and closed shells, is represented by
χLa(x, T ), the magnetic susceptibility of the LaIn3−xSnx alloys. This is the ‘nonmagnetic’
analogue of the system under consideration. Corresponding values ofχLa(x, T ) are given
in [1, 24], and their magnitude is 0.1χ at T = 300 K. The electronic part of the
χLa(x, T = 78 K) contribution exhibits clear oscillations with the considerable amplitude
of ≈3× 10−4 emu mol−1 [1], and the extrema are strongly attenuated by temperature (by
almost a factor of 1.5 in the 78–300 K range).

The maxima of the magnetic susceptibility in the LaIn3−xSnx alloys can be connected
with the enhanced Pauli paramagnetism, in qualitative agreement with the behaviour of
the density of states (DOS) curve which follows from both experiment [24] and theNF(x)

calculation. Figure 3 shows the dependence

NF(x) = (1− x)NF(q)(LaIn3)+ xNF(q)(LaSn3)

where q is the average valence of the alloy atoms, and the functionsNF(q) for LaIn3

and LaSn3 are calculated using the scalar relativistic LMTO-LDA method like in [25],
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Figure 3. Coefficients of the electronic specific heat,γ , versus the Sn concentration,x, for
CeIn3−xSnx alloys (upper part), and experimental (full circles) and calculated (thin line) values
of the density of states,NF, versusx for the LaIn3−xSnx alloys (lower part).

including the f levels in the core states. Although the applied expression is simplified
and does not include disorder effects in alloys, the result provides the magnitudes and
the locations of the singularities of the experimental DOS in the LaIn3−xSnx system fairly
well (see figure 3). However, the corresponding modulation of the spin paramagnetism is
far from the magnitude of the observed modulation of the magnetic susceptibility. Such a
modulation, with deep diamagnetic anomalies, can be related to the orbital contribution [24].
Actually, in the general expression for the orbital magnetic susceptibility of the electrons in
the lattice, together with the well known Landau–Peierls contribution there exist interband
contributions of arbitrary sign [26]. Anomalous diamagnetism of the magnitude observed
can be expected only when the Fermi level is located close to some points of degeneracy of
the sp bands, where the magnetic susceptibility appears to diverge [27]. This is why deep
and clear anomalies of the diamagnetic susceptibility are preserved in concentrated solid
solutions, and at sufficiently high temperatures [28]. The correctness of the assumption
about the nature of the diamagnetic anomalies in LaIn3−xSnx alloys is confirmed by the
accompanying anomalies in the thermoelectric power [24], which have similar sensitivity
to the points of degeneracy of the bands [29].

From the calculations performed, and from those known from other papers [30], it
follows that, at least on the symmetry lines01X and03R in the spectra of the compounds
considered, there are the points of degeneracy for favourable levels of the band filling.
Which of them are related to the observed diamagnetism should be analysed in a detailed
way, separately.

Although the minima of the DOS correspond fairly well to those compositions for which
anomalies of the diamagnetism exist [24], they have no direct relationship to the degeneracy.
Even several equivalent points of degeneracy resulting from the symmetry of the lattice, as
one of the conditions of strong diamagnetism, have a weak influence on the total DOS.

The spectra of the spd states of the compounds discussed do not follow the rigid-band
model (see also [25]). Therefore, differences in location of the peaks of the DOS and the
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points of degeneracy of the bands in the LaIn3−xSnx and CeIn3−xSnx systems are possible,
enhanced by distinctions in the f–(spd) hybridization. This can give rise to errors that are
hard to estimate in the evaluation of theχf(x, T ) contribution using equation (2).

Large pressure effects need the introduction of the corrections inχf(T ) (up to 0.2χ )
corresponding to the thermal expansion of the lattice, which has not been investigated
in detail up to now. Finally, an assumption natural in common cases that d lnχ/dP ≈
d lnχf/dP does not go undisputed for the systems considered. The magnitude of the
background contribution to the d lnχ/dP derivative can appear to be of the same order as
χf , due to the sharpness of the modulation ofχLa(x) (if it is preserved under the influence of
the f–(spd) hybridization), and the significant shift of the Fermi level relative to the points
of degeneracy, which follows from the electron transfer under pressure from the d to the sp
band [25].

In this paper, we are forced to use the derivatives with respect to pressure, and not
those with respect to volume, because the behaviour of the bulk modulus in the CeIn3−xSnx
system is unknown.

It may appear simpler to correct the values of the parameters found fromχf(T ) than to
perform a detailed analysis of the errors in the evaluation ofχf(T ) and dχf/dP . However,
consideration of the CeIn3 case suggests the opposite conclusion. As a whole, theχ(T ) plot
for this compound is explained successfully by the theory [21], with reasonable values of the
fitted parameters. At the same time, we were unable to get a satisfactory description for the
χf(T ) contribution with any choice of parameters, if just theχLa(300 K) background is taken
into account in (2). Therefore, at this stage it is of primary concern to examine the main
difficulties associated with the evaluation of the f-state contribution to the susceptibility.
This examination can encourage a search for complementary properties, which will help to
eliminate all obstacles in the evaluation ofχf(T ).

The facts supplied suggest the necessity of rejection of the sophisticated models given in
[11, 21], and, for the time being, application of an empirical description of the susceptibility
in terms of the spin-fluctuation temperature. In the paper [1], it has been shown that in
CeIn3−xSnx alloys, an effective magnetic momentµ2(x, T ) = χfT/C is with high accuracy
a universal function of a single variable (T/Tsf(x)) at 0.86 x 6 3 and 46 T 6 350 K. The
susceptibilityχf is here found from expression (2), just with a contributionχLa(x, 300 K)
(and for CeSn3 it is here found from expression (2), just with a contributionχLa (x = 3, T );
C = 0.807 K emu mol−1 is the Curie constant of the Ce3+ ion (J = 5/2)). For CeSn3, this
universality is preserved at least up to the pressureP = 14 kbar [18] (see also reference
[5], where pressure effects are discussed qualitatively for the whole system in terms of
the behaviour of a single parameter,s = JNF). Moreover, also for CeIn3, considerable
deviation from this universality appears only atT < 100 K [1]. Thus, it follows that
practically all of the data of figure 1 can be described by the relation

d lnTsf

dP
= −d lnχf

dP

(
1+ ∂ lnχf

∂ ln T

)−1

. (3)

At high temperatures, where the asymptotic Curie–Weiss law,χf = C/(T − 2), is
followed, equation (3) is equivalent to the relation

d lnTsf

dP
=
(
T

2
− 1

)
d lnχf

dP
(4)

if Tsf is identical with −2 and dC/dP = 0 due to the proximity of the real Curie
constant, and its value for the free Ce3+ ion [1]. For calculation of the derivatives
d lnTsf/dP according to (3) and (4), the interpolated forms ofχf(T , x) and2(x) from [1]
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Figure 4. The derivative d lnTsf/dP versus the Sn concentration,x, for the CeIn3−xSnx alloys
at different temperatures: circles—forT = 300 K; triangles—averaged values forT = 78 K
andT = 150 K. See the text for the explanation.

are used, as also are the derivatives d lnχ/dP from figure 1, assuming at present that
d lnχ/dP = d lnχf/dP . The results are shown in figure 4, where the upper curve
corresponds to averaged values atT = 78 K and 150 K (the bars show the scale of the
differences between them), and the lower curve corresponds toT = 300 K (these points,
obtained from both (3) and (4), are within the sizes of the bars, which represent here the
magnitudes of the experimental errors).

One can note several peculiar features in figure 4.

(i) For CeIn3, and for alloys with low concentrationx, as well as for CeSn3 [8], the
derivative d lnTsf/dP does not depend on temperature, in accord with the concept of a single
characteristic energy in the CeIn3–CeSn3 system [1, 8] (neglecting the observation that the
temperature dependence of the magnetic susceptibility of the alloys with lowx-values, as
was mentioned above, does not correspond fully to this concept).

(ii) An unexpected and intriguing feature is the discrepancy between d lnTsf/dP
values corresponding to temperatures below 150 K and room temperature, for alloys with
0.56 x 6 3; for x ≈ 2 the derivatives differ by a factor of about 2.

(iii) At 300 K, the derivative d lnTsf/dP decreases relatively slow and monotonically,
along with the increase ofx (it might be that with a weak kink atx ≈ 2), while below
T ≈ 150 K, the dependence d lnTsf/dP(x) exhibits a sharp maximum on the borderline
between the NMHF and the intermediate-valence phases (atx ≈ 2).

It follows from the above-mentioned properties of the derivative d lnTsf/dP , that the
concept of a single characteristic energy for the CeIn3–CeSn3 system [1] is not valid.
This conclusion corresponds closely to that based on the Néel temperature behaviour for
CeIn3–CeTl3–CeSn3–CePb3 quasibinary alloys [31] far from the region of Kondo–IV-state
transition.

In [15] it is assumed that for CeIn3 three energies are comparable:2RKKY ≈ TK ≈ 1c.
Both latter ones,TK and1c, are distinguished by high values of the Grüneisen parameter
[19, 20]. The energy of the indirect f–f exchange can be estimated from the ratio
2RKKY/TN = −2.5 for several compounds RIn3 [22]. The value2RKKY = −25 K
determined is actually close to the observed paramagnetic Curie temperature2 ≈ −Tsf

(table 1), whereas the usual normalization using the de Gennes factor for these compounds
gives2RKKY = −1 K. Apparently, indirect exchange in CeIn3 is substantially enhanced
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under the influence of the Kondo effect, which is confirmed also by strong enhancement of
the electronic specific heat in comparison to that of LaIn3 (figure 3). In this situation, it
can be expected that the large pressure effect characteristic of the parameters of the Kondo
system (e.g. the electronic Grüneisen parameter for CeIn3, Ge = 7 (table 1)) could be
expected also for2RKKY .

Consequently, all types of interaction which participate in the forming of theTsf-
parameter are responsible for its anomalously high sensitivity to the pressure, and the change
of their relationships corresponds to the dependence of d lnTsf/dP onx andT . In particular,
for multipletsJ = 5/2 split by the CEF, the excitation of all of the degrees of freedom at
temperatureT > 1c results in the diminution of the importance of the CEF, and in increase
of the Kondo temperature [5, 32]. The substantial temperature dependence of d lnTsf/dP
is apparent in the region whereT ≈ 1c, and disappears, together with the switching-off
of the CEF effect in the intermediate-valence state atx = 3. In further analysis, we will
explain the evolution of the ratio of the interaction parameters, and why the complicated
composition of the phenomenological parameterTsf is not reflected in the behaviour of
χf(T ) at the temperatures and concentrations used.

Another important feature of the derivative d lnTsf/dP is the appearance of a low-
temperature singularity on the borderline of the NMHF IV states (see figure 3), where
according to current opinion a smooth transformation of the states should be observed [15].
At present, it is unclear whether this singularity appears due to unknown features of the
borderlines, or due to singularities of the spd-band DOS curve, which shows a minimum
exactly on this borderline (figure 3).

It is our intention to avoid any speculative conclusions. We are planning to return to
detailed quantitative analysis of the results as soon as additional characteristics obtained
for the systems investigated allow us to introduce the necessary corrections, and take into
consideration side effects.
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