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The derivation is presented of the Clausius–Clapeyron relation (CCR) in the second order of expansion of free energy potential on
the change of temperature and magnetic field on the example of Ni–Mn–In Heusler alloys with the first-order metamagnetostructural
phase transition (FOMMSPT), which can be treated as thermoelastic structural transition: austenite—martensite merging with
metamagnetic transition: ferromagnet–antiferromagnet. It is shown that the second-order CCR describes satisfactory the nonlinear
shift in the characteristic temperatures of the FOMMSPT in magnetic fields up to 25 T. It qualitatively and quantitatively explains
the observed nonlinear dependence of the characteristic temperatures and the hysteresis of FOMMSPT including its elimination in
some compositions of the Ni–Mn–In Heusler alloys under sufficiently high magnetic field.

Index Terms— Ni–Mn–In Heusler alloy, Clausius–Clapeyron relation (CCR), magnetic materials, magnetic properties,
the first-order phase transition (FOPT).

I. INTRODUCTION

AT PRESENT, the Clausius–Clapeyron relation (CCR) is
widely used to describe the linear shift in the character-

istic temperatures of the first-order phase transitions (FOPTs)
in solids under action of external fields [1]–[5]. The CCR
is applied for thermodynamical treatment of not only the
magnetostructural the FOPTs under magnetic field, but also for
the martensitic transformation induced by external mechanical
stress [6]–[8]. The derivation of the CCR in the literature is
rarely discussed [9], [10], usually only the final expression is
indicated

dT

d H
= − �M

�SM
(1)

where dT is the shift of the characteristic temperatures of
FOPT at the magnetic field change dH, �M is the change
of the magnetization of the sample, and �SM is the change of
the sample’s entropy due the FOPT in zero field. The physical
meaning of the CCR is the linear dependence of the change
of the FOPT characteristic temperatures on the external field
and the inverse dependence on the change of entropy at the
FOPT in zero field. The linear character of this dependence
is a consequence of the fact that this relation was obtained in
the linear approximation of the free energy potential expansion
into a series of the members, connected with the temperature
and the field changes. Obviously, if the general approach is
correct, then the CCR is to be valid only for the not very high
fields [1], [2], [8].

Recently, the first-order metamagnetostructural phase
transition (FOMMSPT) in some nonstoichiometric composi-
tions of Ni–Mn–In, Ni–Mn–Sn Heusler alloys has attracted
large attention due to high sensitivity of this transition to
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the magnetic field and accompanying phenomena such as
the magnetic-field-induced shape memory effect, the strong
inverse magnetocaloric effect, and the elastocaloric effect,
promising from the point of view of applications [11]. The
nature of the FOMMSPT is usually treated as a transi-
tion from the high temperature ferromagnetic cubic struc-
tural (austenitic) phase to the low-temperature, weak-magnetic,
low-symmetry (martensitic) structural phase [12]. The CCR
successfully describes the shift of characteristic temperatures
of the FOMMSPT in Ni–Mn–In alloys for those compositions,
in which the characteristic temperatures of the FOMMSPT
are below approximately 250 K, under not too high magnetic
fields (as a rule 0–5 T) [1].

The anomalous (nonlinear) behavior of the characteris-
tic temperatures of the FOMMSPT in Ni–Mn–In Heusler
alloy at an external high magnetic field was found in [13].
In addition, the critical behavior, e.g., elimination of the
FOPT, not described by the CCR, was revealed by mea-
suring the magnetic moment and the electrical resistivity of
Ni45Co5Mn36.7In13.3 sample in magnetic fields up to 18 T. The
similar critical behavior of the characteristic temperatures was
observed in the Ni37Co11Mn42.5Sn9.5 Heusler alloy also. The
critical behavior was associated with the kinetic phenomena
at the FOMMSPT in magnetic field at low temperatures [14].
At present, there is no theoretical description of the anomalous
behavior of the characteristic temperatures of the FOMMSPT
in these alloys.

The purpose of this paper is to derive the variant of the CCR
capable to describe anomalous behavior of the characteristic
temperatures of the FOMMSPT in the high magnetic fields
and to check experimentally the results of calculations on the
example of the Ni–Mn–In Heusler alloys.

II. EXPERIMENTAL DETAILS

The polycrystalline samples with the nominal compositions
Ni46Mn41In13 were synthesized by the arc melting technique
in argon atmosphere. Then, the samples were annealed in vac-
uum for 48 h under 1173 K for homogenization. The elemental
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TABLE I

PHYSICAL SPECIFICATIONS OF THE SAMPLE Ni45.4Mn40.9In13.7

chemical composition of the samples and their homogeneity
was determined by the Energy-dispersive X-ray spectroscopy
(EDX) analysis, and the sample with the Ni45.4Mn40.9In13.7
composition was selected for further research. The magneti-
zation of the sample versus temperature M = f (T, H ) was
measured in magnetic fields up to 14 T using the � Quantum
Design � Physical Property Measurement System (PPMS)
system. The magnetization was studied in the pulsed magnetic
fields up to 25 T as well. The latent heat of the FOPT λ0 was
determined by the Differential scanning calorimetry (DSC).

III. RESULTS AND DISCUSSION

The measured data by the DSC and the magnetization versus
temperatures and magnetic fields up to 25 T were used to
determine the characteristic temperatures of the FOMMSPT
and their dependence on the magnetic field. The data for the
sample Ni46Mn41In13 are presented in Table I and Fig. 1. The
temperatures of the FOMMSPT are sensitive to the magnetic
field, and they decrease as field increases. The temperature
hysteresis of the FOMMSPT widening is observed, because
the left and the right edges of the hysteretic loop have the
different rates of the shift with increasing field (Fig. 1).

Let us consider a simple thermodynamic model for
explaining these features. The necessary condition for the real-
ization of any the FOPT is the equality of the thermodynamic
potentials of the phases at a certain temperature [15]. For the
isothermal conditions, the thermodynamic potential of the free
energy F must be chosen to calculate the phase equilibrium

F = U − T S − M H. (2)

Here, U is an internal energy of a magnet. The change of a
free energy is

d F = −SdT − Md H. (3)

Let the equality of the free energies of the phases of
austenite—FA and martensite—FM of a magnet with the
FOPT be observed in zero field at temperature T0: FA(0) =
FM (0) = F0. Then, under magnetic field H , the equilibrium
point of the phases will shift from T0 to a certain temperature

Fig. 1. Comparison of the experimental data with the calculations according
to (18), (23), as shown at the top of the next page, and (24), as shown at
the top of the next page. The temperatures Tbot and Ttop are experimental
data—triangular and square points, respectively; Tbot is calculated—dotted
line, and Ttop is calculated—dashed line; and �T is calculated—solid line,
depending on the magnetic field for the Ni45.4Mn40.9In13.7 sample.

Tt = Tt (H ), which can be calculated in first approximation,
passing to finite differences in (3)

FA − F0 = −SA(Tt − T0) − MA H (4)

FM − F0 = −SM (Tt − T0) − MM H (5)

where MA and MM are the magnetizations of the austenitic
and martensitic phases, respectively. Subtracting (4) from (5),
we obtain

(Tt − T0) = −(MA − MM )H/(SA − SM ). (6)

This equation is just commonly referred as the CCR. For
the Ni–Mn–In alloys with an excess of Ni magnetization
of martensite MM can be neglected in comparison with the
magnetization of austenite MA , which implies

�T (H )/T0 = (Tt − T0)/T0 = −MA H/λ0 (7)

where λ0 = T0(SA − SM )—the latent heat of the transition in
zero field. The sign of change of the FOMMSPT temperature
under magnetic field turns out to be negative, as observed in
the experiment. The sign of the field effect corresponds to the
more general principle of thermodynamics—the Le Chatelier’s
principle.

We decompose F at temperature T0 in the Taylor series to
terms of the second order in �T and �H

F = F0 + ∂ F

∂T
�T + ∂ F

∂ H
�H + 1

2

∂2 F

∂T 2 �T 2 + 1

2

∂2 F

∂ H 2 �H 2

+ ∂2 F

∂T ∂ H
�T�H. (8)

Let us take into account that (∂ F/∂T )H = −S, (∂ F/∂ H)T =
−M , (∂2 F/(∂T ∂ H)) = (∂2 F/(∂ H∂T )), therefore

∂S

∂ H
= ∂M

∂T
. (9)
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�T = Tt − T0

=
−λ0 − T0(γA − γM )�H ±

√
(λ0 + T0(γA − γM )�H)2 − 2T0(τA − τM )

[
T0(MA − MM )�H + 1

2 T0(σA − σM )�H 2
]

T0(τA − τM )
(17)

Tbot − T0 =
−λ0 − γAT0�H ±

√
[λ0 + γAT0�H ]2 − 2(τA − τM )T0

[
MAT0�H + 1

2 EM T0(εA0 − εM0)2
]

(τA − τM )T0
(23)

Ttop − T0 =
−λ0 − γAT0�H ±

√
[λ0 + γAT0�H ]2 − 2(τA − τM )T0

[
MAT0�H − 1

2 E AT0(εM0 − εA0)2
]

(τA − τM )T0
(24)

Then, we introduce three important parameters

∂2 F

∂T 2 = −
(

∂S

∂T

)

H
= −CH

T
= −τ (10)

∂2 F

∂ H 2 = −
(

∂M

∂ H

)

T
= −σ (11)

∂2 F

∂T ∂ H
= − ∂S

∂ H
= −γ. (12)

We obtain the expansion of free energy of the austenitic and
martensitic phases FA(T, H ) and FM (T, H ) near point of their
equality T0

FA − F0 = −SA�T − MA�H − 1

2
τA�T 2 − 1

2
σA�H 2

− γA�T�H (13)

FM − F0 = −SM�T − MM �H − 1

2
τM�T 2 − 1

2
σM�H 2

− γM�T �H. (14)

Subtracting (13) from (14), we obtain

(SA − SM )�T + (MA − MM )�H + 1

2
(τA − τM )�T 2

+ 1

2
(σA − σM )�H 2 + (γA − γM )�T �H = 0. (15)

We take into account that (SA − SM ) = λ0/T0 and obtain

λ0�T + T0(MA − MM )�H + 1

2
T0(τA − τM )�T 2

+ 1

2
T0(σA − σM )�H 2 + T0(γA − γM )�T�H = 0. (16)

Equation (16) can be called the CCR in the second order of
the expansion (the second-order CCR). The roots of (16) will
be the value of the displacement of the equilibrium point of
the phases, which will be equal to (17), as shown at the top
of this page.

We take into account that MM = 0, σM = 0, γM = 0,
we also assume that the austenite magnetization does not
depend on the magnetic field (we neglect the paraprocess),
and suppose that σA = 0 then

�T = Tt − T0

=
−λ0−T0γAH ±

√
(λ0+T0γA H)2−2T 2

0 (τA−τM )MAH

T0(τA−τM )
.

(18)

The free energy of the alloy in the intermediate region of
the FOPT is equal to F = min(FA, FM )

FA − F0 = −SA�T − MA�H − 1

2
τA�T 2 − 1

2
σA�H 2

− γA�T�H + 1

2
E A(εA − εA0)

2 (19)

FM − F0 = −SM�T − MM�H − 1

2
τM�T 2 − 1

2
σM�H 2

− γM�T�H + 1

2
EM (εM − εM0)

2. (20)

To find the temperature Tbot = Ms and Ttop = A f of
the absolute loss of phase stability (the upper and lower
boundaries of the hysteresis loop of the FOPT) in a magnetic
field H , we obtain the following expressions, respectively:

FA(Tbot, H, εA0) = FM (Tbot, H, εA0) (21)

FA(Ttop, H, εM0) = FM (Ttop, H, εM0). (22)

We substitute (19) and (20) into expressions (21) and (22)
and solve the latter with respect to Tbot and Ttop. We take
into account that MM = 0, σM = 0, and γM = 0, and also
assume that the austenite magnetization does not depend on
H (neglecting a paraprocess), and set σA = 0, then we get

We take the values of the physical characteristics from
Table I for the numerical calculations. We plot the graphs for
the expressions of �T , Tbot, and Ttop in the dependence on the
magnetic field and compare the theoretical and experimental
data (see Fig. 1). The experimental data were obtained by
measurements of M = f (T, H ) at magnetic fields up to 14 T
for the sample Ni45.4Mn40.9In13.7 as well as measurements in
the pulsed magnetic fields up to 25 T.

As can be seen from Fig. 1, the values of Tbot, calcu-
lated theoretically and obtained experimentally, are in good
agreement. However, the experimental values of Ttop behave
anomalously after reaching a magnetic field of 10 T. The value
of H at which the characteristic temperatures are at the vertex
of the parabolic curve is the critical magnetic field of the
FOMMSPT.

The behavior of the characteristic temperatures of the
FOMMSPT in a magnetic field from the parabolic depen-
dence for Ni45.4Mn40.9In13.7 does not manifest a pronounced
extremum. For the sample of Ni43Mn37.65In12.35Co7 Heusler
alloy with a large coefficient of field sensitivity k =
−14.4 K/T, higher characteristic temperatures (Ms increases
from 214 to 247 K), and a larger difference (TC − Ms ) (the
difference (TC − Ms ) increases from 120 to 180 K), it is
possible to observe an explicit extremum [19], [20].
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The parabolic behavior of the characteristic temperatures
of the FOMMSPT in the Ni46Mn41In13 alloy in a magnetic
field according the second-order CCR was previously exper-
imentally observed in [7]. It was found by measuring the
sample’s magnetization in pulsed magnetic fields and SQUID
magnetometer, which characteristic temperatures Ms and A f
of Ni45Co5Mn36.1In13.9 single-crystal behaved according to
the parabolic law, and the A f showed anomalous behavior
after passing through the extremum.

Thus, it is possible to predict the characteristic tempera-
tures Ms and A f behavior under high magnetic fields more
accurately by using the developed theoretical model. Should
be noted that this model has significant discrepancies with the
experimental data at calculation A f temperature under mag-
netic fields more than 10 T for the Ni46Mn41In13 Heusler alloy.
It can be explain by the influence of kinetic phenomena, which
our model does not take into account. However, the model
works very well under fields less than 10 T, and we think
that it requires verification on other famous systems with the
FOMMSPT such as Ni–Mn–Sn [21], Fe–Rh [22], [23].

IV. CONCLUSION

The derivation is presented of the CCR in the second
order of expansion of free energy potential on the change
of temperature and magnetic field on the example of the
Ni46Mn41In13 Heusler alloys with the FOMMSPT. It is shown
that the second-order CCR describes satisfactory the nonlinear
shift in the characteristic temperatures of the FOMMSPT in
magnetic fields up to 25 T. It qualitatively and quantitatively
explains the observed nonlinear dependence of the character-
istic temperatures and the hysteresis of FOMMSPT including
its elimination in some compositions of the Ni46Mn41In13
Heusler alloys under sufficiently high magnetic field. The
general conclusions are made at considering of our theoretical
model.

1) The thermodynamic model describing the FOMMSPT
on the basis of the second-order CCR was proposed. The
model explains qualitatively the following properties of
the FOMMSPT in the Ni–Mn–In Heusler alloys: a) the
nonlinear decrease of the phase transition temperature
with increasing of the magnetic field; b) the broadening
of the hysteresis loop with increasing of the magnetic
field; c) the faster shift of the left edge of the hysteresis
loop compared to the right edge; and d) the possibility
of the existence of a critical point on the T –H diagram.

2) The calculations based on the proposed thermodynami-
cal model of the FOMMSPT characteristic temperatures
for the Heusler alloy Ni46Mn41In13 are in good agree-
ment with the experimental data under magnetic fields
less than 10 T.

ACKNOWLEDGMENT

This work was supported by the Russian Science Foundation
under Grant 14-22-00279.

REFERENCES

[1] J. M. Barandiaran et al., “Magnetic influence on the martensitic trans-
formation entropy in Ni-Mn-In metamagnetic alloy,” Appl. Phys. Lett.,
vol. 102, no. 7, p. 071904, 2013.

[2] W. Ito, Y. Imano, R. Kainuma, Y. Sutou, K. Oikawa, and K. Ishida,
“Martensitic and magnetic transformation behaviors in heusler-type
NiMnIn and NiCoMnIn metamagnetic shape memory alloys,” Metall.
Mater. Trans. A, vol. 38, no. 4, pp. 759–765, 2007.

[3] K. A. Gschneidner, Jr., V. K. Pecharsky, E. Brück, H. G. Duijn, and
E. M. Levin, “Comment on ‘Direct measurement of the ‘Giant’ adiabatic
temperature change in Gd5Si2Ge2,”’ Phys. Rev. Lett., vol. 85, no. 19,
p. 4190, 2000.

[4] J. R. Sun, F. X. Hu, and B. G. Shen, “Comment on ‘Direct measurement
of the ‘Giant’ adiabatic temperature change in Gd5Si2Ge2,”’ Phys. Rev.
Lett., vol. 85, no. 19, p. 4190, 2000

[5] A. Giguère et al., “Direct measurement of the ‘Giant’ adiabatic tem-
perature change in Gd5Si2Ge2,” Phys. Rev. Lett., vol. 83, no. 11,
pp. 2262–2265, 1999.

[6] Y. Liu, A. Mahmuda, F. Kursawea, and T. Nam, “Effect of pseudoelastic
cycling on the Clausius–Clapeyron relation for stress-induced marten-
sitic transformation in NiTi,” J. Alloys Compounds, vol. 449, no. 1,
pp. 82–87, 2008.

[7] X. Xu, W. Ito, R. Umetsu, R. Kainuma, and K. Ishida, “Anomaly of
critical stress in stress-induced transformation of NiCoMnIn metamag-
netic shape memory alloy,” Appl. Phys. Lett., vol. 95, no. 18, p. 181905,
2009.

[8] R. Kainuma, K. Oikawa, W. Ito, Y. Sutou, T. Kanomatac, and K. Ishida,
“Metamagnetic shape memory effect in NiMn-based Heusler-type
alloys,” J. Mater. Chem., vol. 18, no. 16, pp. 1837–1842, 2008.

[9] N. V. R. Rao, M. M. Raja, S. E. Muthu, S. Arumugam, and S. Pandian,
“Pressure-magnetic field induced phase transformation in Ni46Mn41In13
Heusler alloy,” J. Appl. Phys., vol. 116, no. 22, p. 223904, 2014.

[10] A. M. Tishin, The Magnetocaloric Effect and its Applications, Bristol,
U.K.: Institute of Physics Publishing, 2003.

[11] A. Planes, L. Mañosa, and M. Acet, “Magnetocaloric effect and its
relation to shape-memory properties in ferromagnetic Heusler alloys,”
J. Phys., Condens. Matter, vol. 21, no. 23, p. 233201, 2009.

[12] T. Graf, C. Felser, and S. S. P. Parkin, “Simple rules for the understand-
ing of Heusler compounds,” Prog. Solid State Chem., vol. 39, no. 1,
pp. 1–50, 2011.

[13] W. Ito et al., “Kinetic arrest of martensitic transformation in the
NiCoMnIn metamagnetic shape memory alloy,” Appl. Phys. Lett.,
vol. 92, no. 2, p. 021908, 2008.

[14] R. Y. Umetsua et al., “Kinetic arrest behavior in martensitic transfor-
mation of NiCoMnSn metamagnetic shape memory alloy,” J. Alloys
Compounds, vol. 509, no. 5, pp. 1389–1393, 2011.

[15] L. D. Landau and E. M. Lifshitz, Statistical Physics, vol. 5. Oxford,
U.K.: Butterworth-Heinemann, 1980

[16] A. B. Batdalov et al., “Magnetic, thermal, and electrical properties
of an Ni45.37Mn40.91In13.72 Heusler alloy,” J. Experim. Theor. Phys.,
vol. 122, no. 5, pp. 874–882, 2016.

[17] K. Niitsu, X. Xu, R. Y. Umetsu, and R. Kainuma, “Stress-induced trans-
formations at low temperatures in a Ni45Co5Mn36In14 metamagnetic
shape memory alloy,” Appl. Phys. Lett., vol. 103, no. 24, p. 242406,
2013.

[18] X. Moya et al., “Lattice dynamics in magnetic superelastic Ni-Mn-In
alloys: Neutron scattering and ultrasonic experiments,” Phys. Rew. B,
vol. 79, p. 214118, Jun. 2009.

[19] A. Kamantsev et al., “Thermomagnetic and magnetocaloric properties
of metamagnetic Ni-Mn-In-Co Heusler alloy in magnetic fields up to
140 kOe,” EPJ Web Conf., vol. 75, p. 04008, Jul. 2014.

[20] A. P. Kamantsev et al., “Direct measurement of magnetocaloric effect in
metamagnetic Ni43Mn37.9In12.1Co7 Heusler alloy,” Bull. Russian Acad.
Sci., Phys., vol. 78, no. 9, pp. 936–938, 2014.

[21] L. González-Legarreta et al., “Annealing influence on the exchange-
bias and magnetostructural properties in the Ni50.0Mn36.5Sn13.5 ribbon-
shape alloy,” Solid State Phenomena, vols. 233–234, pp. 179–182,
Jul. 2015.

[22] A. P. Kamantsev et al., “Properties of metamagnetic alloy Fe48Rh52
in high magnetic fields,” Bull. Russian Acad. Sci., Phys., vol. 79,
pp. 1086–1088, 2015.

[23] A. M. Aliev et al., “Reversible magnetocaloric effect in materials with
first order phase transitions in cyclic magnetic fields: Fe48Rh52 and
Sm0.6Sr0.4MnO3,” Appl. Phys. Lett., vol. 109, no. 20, p. 202407,
2016.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


